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Iron deficiency and anemia are common comorbidities in patients with chronic heart failure (CHF) and are associated with reduced
exercise tolerance, impaired quality of life, and poor prognosis. Depression and anxiety are also common and may further worsen
clinical outcomes.

Aim. To evaluate the dynamics of hematological and iron metabolism parameters in patients with chronic heart failure of ischemic
etiology and iron deficiency anemia treated with intravenous ferric carboxymaltose (FCM), with special attention to the impact of
concomitant depressive and anxiety symptoms.

Materials and methods. A prospective observational study was conducted on 57 patients with CHF of ischemic etiology and labo-
ratory-confirmed iron deficiency anemia. All patients received standard CHF therapy and intravenous FCM. Sertraline was added
to 23 patients with clinically significant depressive and anxiety symptoms. Hematological parameters, iron parameters, quality of
life and psychometric parameters (PHQ-9, GAD-7, SAQ) were assessed at baseline, day 160, and day 340.

Results. Treatment resulted in significant improvements in hemoglobin, ferritin, transferrin saturation and red blood cell count in the
cohort. In the subgroup with depressive/anxiety symptoms, improvements were more pronounced: hemoglobin levels increased
from 111.6 (106.0; 126.4) g/L to 140.9 (125.7; 156.0) g/L at day 160 and 142.1 (128.5; 159.2) g/L at day 340, while ferritin levels
increased from 52.7 (47.5; 59.0) ug/L to 103.8 (90.6; 111.0) pg/L and 116.0 (101.2; 123.9) pg/L, respectively. Depression and
anxiety scores (PHQ-9, GAD-7) decreased significantly, which was accompanied by improvements in quality-of-life scores.

Conclusions. Intravenous administration of FCM effectively corrects iron deficiency anemia in patients with CHF of ischemic etiology,
resulting in sustained improvements in hematological and clinical parameters. Patients with comorbid depression and anxiety demon-
strated more pronounced benefits, likely due to the combined effect of anemia correction and psychotropic support with sertraline.
These results support a multidisciplinary approach that integrates cardiological and psychosocial care in the management of CHF.
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MyALTUMOAQABHUM NIAXiIA AO CEepLieBOi HEAOCTATHOCTI iLLeMiuHOiI eTioAorii
3 aHeMi€lo Ta NCUXOAOTIUHUM AUCTPECOM

A. A. BoanHcbkui, |. . Bakantok, H. B. Tumouko, M. . 3BoHap

[ediunT 3anisa Ta aHeMis € NOLUMPEHVMI CynyTHIMM 3aXBOPIOBAHHSAMM Y NALIIEHTIB i3 XPOHIYHO CepLIeBOt HegocTaTHicTo (XCH)
Ta NOB'AA3aHi 3i 3HWKEHOK TONEPAHTHICTIO 40 (Pi3NYHOTO HABAHTAKEHHS, MOTIPLUEHHAM SKOCTI XWUTTS, HECNPUSTIVBUM NPOTHO-
30Mm. [lenpecisi Ta TpMBOra — TaKoX JOBONI YACTI SBULLA, L0 MOXYTb JOAATKOBO NOTiPLUMTY KMiHIYHI pe3ynsTaTy.

Merta po6oTti - OLHATM AUHAMiKy reMaTonoriYHUX MoKa3HuKiB i napameTpie Metabonismy 3anisa y nauienTis i3 XCH iwemiyHoi
eTionorii Ta 3anizoaediLUTHOK aHEMIED, KM BHYTPILLHEOBEHHO BBOAUIN KapboKcMankTo3y 3ariaa, 3 0cobnMBo yBarow A0
BMAMBY CYNYTHIX AENPECUBHIX | TPUBOXHIX CUMMTOMIB.

Marepiaau i metoau. [1o npocnekTBHOro obcepBaLiiHoro JocnimKkeHHs 3anyyeHo 57 nauienTis i3 XCH iwemivuHoi etionorii Ta
nabopaTopHO NiATBEPMKEHO 3ani3ofediLMTHO aHeMiEr. YCi naLieHTV oTpuMyBanu ctaHgapTHy Tepanito XCH Ta kapbokeu-
MarbTo3y 3anisa BHYTPiLUHbOBEHHO. CepTpaniH 40AaTKOBO NpU3HaYeHo 23 nauieHTaM i3 KMiHiYHO 3HaYyLLyMy AENPECUBHAMM Ta
TPUBOXHAMM CUMMTOMaMK. [eMaTonoriyHi napameTpu, NOKasHUKW 3aniaa, SKIiCTb KUTTS Ta NCUXOMETPUYHI nokasHukm (PHQ-9,
GAD-7, SAQ) ouiHtoBanu Ha noyatky gocnimkeHHs, Ha 160 i 340 gHi.

Pesynbraty. JlikyBaHHS CNPUSNO 3HAYHOMY NOKPALLEHHIO PiBHS reMornobiHy, (pepuTHHY, HACKYEHHS KPOBI 3ai3oM Ta KinbKOCTi
€pUTPOLMTIB Y NALEHTIB i3 KOrOPTU JOCIZXEHHS. Y Niarpyni 0bCTeXeHNX i3 LenpecuBHUMM / TPUBOXKHUMI CUMMTOMaMM NOKpa-
LLieHHs1 BinbLu BUpaxeHe: piBeHb remornobiHy niasuwmecs 3i 111,6 (106,0; 126,4) r/n go 140,9 (125,7; 156,0) r/n Ha 160 geHb Ta
142,1 (128,5; 159,2) r/n Ha 340 peHb, a piBeHb chepuTuHy nigeuwumeea 3 52,7 (47,5; 59,0) mkr/n go 103,8 (90,6; 111,0) mkr/n Ta
116,0 (101,2; 123,9) mkr/n BignosigHo. Moka3Huku genpecii Ta TpuBoxHocTi (PHQ-9, GAD-7) 3Ha4HO 3HU3WUMUCS, LLO CYynpOBO-
[KyBarocs NoKpaLLeHHAM NOKa3HWKIB SKOCTI XUTTS.

BucHoBKuU. BHyTpilLHbOBEHHE BBEAEHHS KapOOKCMMansTo3n 3anida edhekTMBHO KOpUrye 3anizofedilnTHy aHeMito y nauieHTiB i3
XCH iwemiuHoi eTionorii, Cripusitoum CTiNKOMY MOKPALLEHHEO reMaToNONYHIX i KIIHIYHUX NOKA3HUKIB. Y KOropTi NaLlieHTiB i3 CynyTHBO
[enpecieto Ta TPUBOroK 3achikcoBaHo GinbLu BUpaXeHi nepeBary, IMOBIpHO, 3aBAsKV KOMBIHOBaHOMY edheKTy KopekLii aHeMii Ta
NCUXOTPONHOI NIATPUMKN cepTpaniHom. Lii pesynsTati nigTBepaxXyoTb MbXAMCLUMANIHAPHWA NigXid, Wo iHTerpye kapgionoriyHy
Ta neyxocoLjanbHy JonoMory B NikyBaHHs naujeHTis i3 XCH.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Chronic heart failure (CHF) is a progressive, disabling
disease that leads to deterioration of patients’ quality of life
and to high socioeconomic costs. One of the most common
causes of CHF is acute myocardial infarction. In association
with myocardial damage, the ability of the heart to supply
peripheral organs with adequate oxygen progressively de-
clines, manifesting as dyspnea, palpitations, severe fatigue,
and reduced exercise tolerance [1].

Approximately two-thirds of patients with heart failure
(HF) have an ischemic etiology. Chronic coronary syndrome
(CCS) is a leading cause of HF worldwide, especially in
developed countries [2]. Cardiac remodeling with subse-
quent HF occurs not only after myocardial infarction but
also in patients with coronary heart disease (CHD) due to
chronic severe ischemia. The incidence of newly diagnosed
HF in patients with chronic CHD ranges from 7 % to 28 %
in reports from major registries [3]. CHD is responsible for
worsening HF and increasing hospitalizations for HF [4].
The international CLARIFY study showed that after 5 years
of follow-up, 16.4 % of nearly 27,000 patients with chronic
CHD experienced cardiovascular death or hospitalization
for new-onset HF [5]. Acute onset of HF has a worse out-
come, so it is important to quickly determine the etiology
for accurate treatment. Because ischemic heart disease is
a main driver of HF and may be reversible with revascu-
larization, careful evaluation of ischemia in all patients with
new-onset HF of unknown etiology is essential. Progress
in pharmacological treatment has extended life expectancy
in this population; however, given the aging of the general
population, an even greater increase in the prevalence of HF
is anticipated in coming years [6]. Nevertheless, prognosis
in established HF remains unfavorable [7].

In addition to traditional clinical symptoms, patients
frequently have comorbid depression and anxiety. These
comorbidities complicate the therapeutic approach, increase
hospitalizations and mortality, and reduce adherence to
therapy [8,9]. Negative experiences create a vicious cycle
of progressively deteriorating quality of life. Depression af-
fects at least one fifth of patients with CHF, worsens NYHA
functional class, and is diagnosed two to three times more
often than in the general population. The exact relationship
between depression and CHF is not entirely clear, despite
shared pathophysiological mechanisms, such as high levels
of catecholamines, cortisol and inflammatory cytokines (IL-6,
IL-1B, TNF-a), the presence of which highlights the clinical
and prognostic significance of depression [8]. A meta-anal-
ysis of 36 studies found that clinically significant depressive
symptoms affect 21.5 % of patients with HF; approximately
one-third of patients report increased depressive symptoms
by questionnaire, and 19 % meet criteria for a depressive dis-
order based on diagnostic interview. Anxiety is also common
in this population: approximately 13 % of HF patients meet
diagnostic criteria for a formal anxiety disorder, and almost
30 % of patients endorse clinically significant levels of anxiety
(based on anxiety questionnaires) [10,11].

In patients with HF, depression is a poor prognostic
marker, being prospectively associated with more hospi-
talizations, recurrent cardiac events, and mortality [12].
In contrast, the relationship between anxiety and health
outcomes in patients with HF is less clear. To date, few
studies have examined the relationship between anxiety and
HF outcomes [10,13]. Evidence on anxiety and mortality is
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equivocal and requires further investigation, though reduced
quality of life has been consistently reported.

There is no definitive consensus on optimal pharmaco-
logical treatment of depression in CHF, and the prevalence
of depression in this population is likely underestimated [8].
Anxiety is another symptom that is often overlooked and
increases hospitalization and mortality rates. Anxiety can
negatively affect the quality of breathing, creating panic and
chest pain, and exacerbating CHF symptoms. The current
literature does not comprehensively discuss causes of
anxiety. Its pathogenesis may involve dysfunction of the
hypothalamic-pituitary-adrenal axis, commonly observed
in CHF [9]. There is no reliable data on the prevalence of
anxiety in this patient population, nor clear evidence delin-
eating the pathophysiological mechanisms that underlie its
occurrence in individuals with CHF.

Ukrainian patients with CHF face additional psychoso-
cial stressors since the full-scale war began on 24 February
2022. Anxiety regarding the safety of loved ones, fear of
missile attacks, and uncertainty about the future constitute
independent risk factors for depression and anxiety, po-
tentially worsening the course of CHF [14]. Cardiovascular
diseases represent one of the leading causes of mortality
and disability in the western regions of Ukraine, particularly
the Carpathian region [15], and this burden has intensified
since February 2022 One aim of our team was to identify
patterns by which war-related depression and anxiety affect
patients with ischemic CHF and concomitant anemia.

Anemia and iron deficiency constitute additional impor-
tantindependent determinants of CHF progression, as well
as the patients’ physical and mental health-related quality
of life. A meta-analysis of more than 150,000 patients with
HF demonstrated nearly twice the mortality in patients with
anemia compared with those without this comorbidity [16].
After adjustment for potential confounders including age
and renal dysfunction, the risk remained approximately
1.5-fold higher. The presence of anemia in HF is associated
with reduced exercise capacity and impaired quality of life,
increased hospitalizations, and elevated natriuretic peptide
levels (B-type natriuretic peptide (BNP) and the N-terminal
fragment of pro-BNP) [3,17]. The relationship between
hemoglobin values and HF outcomes appears inverse and
approximately linear, although some studies have reported
a U-shaped relationship with increased risk at the highest
hemoglobin values [18,19].

The simultaneous combination of CHF of ischemic eti-
ology with concomitant anemia, iron deficiency and depres-
sion and/or anxiety is a common clinical scenario among
patients in Ukraine and Ivano-Frankivsk region in particular.
In our view, it is important to use supplementary treatment
in addition to standardized medical therapy for improving
outcomes in this patient group. It has been shown that
intravenous administration of ferric carboxymaltose (FCM)
improved symptoms and quality of life in patients with CHF
and iron deficiency [20,21]. Sertraline, with an established
safety profile in HF, may be used to treat depressive and
anxiety symptoms in this population [22].

Aim
To evaluate the dynamics of hematological and iron me-

tabolism parameters in patients with chronic heart failure
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of ischemic etiology and iron deficiency anemia treated with
intravenous FCM, with special attention to the impact of
concomitant depressive and anxiety symptoms.

Materials and methods

This prospective single-center observational cohort study
was conducted at the clinical base of lvano-Frankivsk
National Medical University between 2024 and 2025. The
study included 57 patients with CHF of ischemic etiology
and concomitant iron deficiency anemia who were under
outpatient or inpatient follow-up.

The sample size was determined by the number of
eligible patients treated at the study center during the study
period. This investigation should therefore be considered
an exploratory observational study.

Inclusion criteria were age 218 years; diagnosis of
ischemic CHF with reduced left ventricular ejection frac-
tion; NYHA functional class II-lI; history of myocardial
infarction at least 12 months before enroliment; previous
percutaneous coronary intervention with stenting of the
infarct-related coronary artery; and laboratory-confirmed
iron deficiency anemia.

Iron deficiency was defined according to current Euro-
pean Society of Cardiology (ESC) recommendations as
serum ferritin <100 pg/L, or ferritin between 100 pg/L and
299 pg/L combined with transferrin saturation <20 %.

Exclusion criteria included acute coronary syndrome
within the previous 6 months; acute cerebrovascular
events; chronic kidney disease stage IV-V; severe hepatic
insufficiency; malignant neoplasms; other types of anemia
(vitamin B12 deficiency, hemolytic anemia, or anemia due
to acute blood loss); pregnancy or breastfeeding; acute
inflammatory heart disease (endocarditis, myocarditis,
pericarditis); severe arrhythmias (ventricular fibrillation,
ventricular flutter, atrioventricular block grade II-Ill); severe
psychiatric disorders requiring specialized treatment, and
refusal to participate in the study.

Baseline clinical characteristics were analyzed and
compared between groups, including left ventricular ejection
fraction, severity of anemia, and background pharmaco-
logical therapy.

All patients received guideline-directed medical therapy
for CHF according to current ESC recommendations.

Iron deficiency and anemia were corrected with intra-
venous FCM. The required iron dose was calculated indi-
vidually according to body weight and baseline hemoglobin
level using the standard dosing algorithm for total iron deficit.
FCM was administered intravenously in accordance with
approved clinical protocols.

Psychological status was assessed with the Patient
Health Questionnaire-9 (PHQ-9) and the Generalized
Anxiety Disorder-7 (GAD-7) scales. Clinically significant
depressive symptoms were defined as PHQ-9 scores 210,
and clinically significant anxiety symptoms were defined
as GAD-7 scores 210. Health-related quality of life and
angina-related limitations were evaluated using the Seattle
Angina Questionnaire (SAQ).

Based on psychometric screening results, patients
were stratified into two groups: Group 1 — patients without
clinically significant depressive or anxiety symptoms (PHQ-9
<10 and GAD-7 <10) (n = 34); Group 2 — patients with
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clinically significant depressive and/or anxiety symptoms
(PHQ-9 210 and/or GAD-7 210) (n = 23).

Group 2 patients received additional pharmacological
therapy with a selective serotonin reuptake inhibitor ser-
traline at a daily dose of 50 mg after psychiatric consultation.

Group allocation was observational and non-ran-
domized, based solely on the presence or absence of
clinically significant symptoms of anxiety or depression
according to psychometric screening results.

Clinical evaluation included assessment of medical his-
tory, physical examination, measurement of blood pressure
and heart rate, and standard electrocardiography. Labora-
tory investigations included hemoglobin level, erythrocyte
count, serum iron, ferritin, and transferrin saturation.

Venous blood samples were collected in the morning
after an overnight fast. Laboratory analyses were performed
at the certified clinical diagnostic laboratory of the University
Clinic using standard automated methods.

Hematological parameters (hemoglobin concentration,
erythrocyte count, hematocrit, and erythrocyte indices) were
determined using an automated hematology analyzer Min-
dray BC-5300 (Mindray Bio-Medical Electronics, Shenzhen,
China) with manufacturer-provided reagents.

Biochemical iron-metabolism parameters, including
serum iron, ferritin, and transferrin, were measured using
an automated biochemical analyzer Mindray BS-200E
(Mindray Bio-Medical Electronics, China). Ferritin was quan-
tified by immunoassay; serum iron was measured using a
standard colorimetric method per manufacturer instructions.
Internal quality-control procedures were performed regularly
in accordance with laboratory standards.

All clinical, laboratory, and psychometric parameters
were assessed at three time points: at baseline (before
initiation of therapy), at day 160, and at day 340 of follow-up.

The primary endpoint was change in hemoglobin and
iron metabolism parameters (serum ferritin and transferrin
saturation) during follow-up in patients with CHF and iron
deficiency anemia receiving intravenous iron therapy. Hard
clinical endpoints such as hospitalization or mortality were
not assessed in this observational study.

Secondary endpoints included changes in psychologi-
cal status assessed by PHQ-9 and GAD-7 scores, as well
as changes in health-related quality of life measured using
the SAQ scores.

The study was conducted in accordance with the ethical
principles of research involving human subjects (Declaration
of Helsinki) as an open, controlled, comparative study in
parallel groups. All participants provided written informed
consent. The study design was approved by the Ethics
Committee of Ivano-Frankivsk National Medical University
(Protocol No. 156/26 dated 21.01.2026).

Statistical processing of the obtained results was per-
formed using Statistica-10 and Microsoft Excel statistical
package via the variational-statistical method of analysis.
The normality of distribution was assessed first using the
Kolmogorov-Smirnov test with Lilliefors correction and the
Shapiro-Wilk W-test. Since all quantitative variables did not
follow a normal distribution, data were presented as median
(Me) with interquartile range (LQ; UQ) to represent the
measures of central tendency. Accordingly, to test the null
hypothesis, the nonparametric HB Mann — DR Whitney U
Test was used; p values <0.05 were considered significant.
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Table 1. Mean values of hematological and iron metabolism parameters in patients with CHF and concomitant anemia according to the presence of
depression / anxiety symptoms, Me (LQ; UQ)

Parameter, units of measurement Day 160 Day 340

Hemoglobin, g/L

Erythrocytes, 10"2/L

Total serum iron, mmol/L

Binding capacity of total iron, mmol/L

Binding property of unsaturated iron, mmol/L

Transferrin saturation, %

Ferritin, ug/L

No depression / anxiety
With depression / anxiety
No depression / anxiety

104.5 (89.1; 109.5)
111.6 (106.0; 126.4)
3.28 (3.00; 4.10)

With depression / anxiety 3.72 (3.20; 4.80)
No depression / anxiety 7.0(5.7;8.8)

With depression / anxiety 8.6 (6.9;9.9)

No depression / anxiety 34.6 (28.0;41.5)
With depression / anxiety 89.1(78.7;98.2)
No depression / anxietyt 44.5 (40.5; 51.0)
With depression / anxiety 46.5 (41.1;53.2)
No depression / anxiety 19.5(16.0; 21.2)
With depression / anxiety 20.9 (17.5; 24.0)
No depression / anxiety 41.9 (33.6; 49.1)
With depression / anxiety 52.7 (47.5; 59.0)

134.7 (119.0; 146.8)*
140.9 (125.7; 156.0)*
4.27 (3.90; 5.10)*
4.34 (3.90; 4.80)*
6.1(4.9;7.8)
7.9(7.1;8.7)
444 (38.2; 56.8)"
97.4 (89.2; 106.8)"
512 (43.2;56.7) 515 (48.5; 59.5)
64.1(58.2; 70.3)" 67.0 (64.5; 76.2)*
27.7 (23.5; 31.7)" 26.2 (22.1; 31.9)"

( ) (

)

133.7 (119.0; 146.8)*
142.1 (1285-159.2) *
4.45 (4.00; 5.10)"
4.51 (4.00; 5.20)"
5.3 (4.0; 6.6)*

6.0 (5.2;8.5)"

45,6 (38.0; 55.2)"
101.9 (91.8; 114.2)*

254 (19.8; 32.5)" 31.6 (27.8; 38.7)*
76.9 (67.5; 87.1)* 69.3 (62.1; 79.6)"
103.8 (90.6; 111.0)* 116.0 (101.2; 123.9)*

* p < 0.05 - significance of differences with the baseline data.

145

135

125

Hemoglobin, g/l

115

105

95

130

120

110

Baseline Day 160

Observation time

—e— Hb No DA Hb With DA

—A— Ferritin No DA

—e 100

Ferritin, pg/L

40

30
Day 340

—aA— Ferritin With DA

Fig. 1. Dynamics of hemoglobin and ferritin levels during 12-month follow-up in patients with heart failure secondary to ischemic heart disease and iron deficiency anemia, stratified
by the presence of depressive / anxiety symptoms (DA). Hemoglobin is shown on the left Y-axis and ferritin on the right Y-axis.

Categorical variables were presented as absolute numbers
and percentages. No correction for multiple comparisons
was applied; results should therefore be interpreted with
caution. Owing to the relatively small sample size, multi-
variable regression analysis was not performed.

Results

Atbaseline, patients with depressive and anxiety symptoms
demonstrated slightly higher hemoglobin levels compared
to those without psychological disorders (Table 1). Dur-
ing follow-up, a significant increase in hemoglobin was
observed in both groups by day 160, with stabilization
by day 340. Although both groups showed comparable
improvement, hemoglobin values remained numerically
higher in the group with depressive symptoms throughout
the observation period.
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A similar pattern was observed for erythrocyte count
and ferritin levels. Both groups demonstrated significant
increases by day 160, reflecting effective correction of iron
deficiency. Ferritin levels increased markedly by day 160
in both groups. At day 340, ferritin remained elevated in
both cohorts, with numerically higher values in patients with
depressive / anxiety symptoms.

Transferrin saturation improved in both cohorts during
follow-up. At day 340, median values were numerically high-
er in patients with depressive/anxiety symptoms; however,
between-group differences in the magnitude of change were
not statistically tested and should therefore be interpreted
cautiously. Total serum iron showed moderate fluctuations
during follow-up but remained within comparable ranges
between groups.

Overall, FCM-based combination therapy was associ-
ated with significant improvement in hematological param-
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eters over 12 months (Fig. 1). While numerical differences
between groups were observed, particularly in ferritin and
hemoglobin dynamics, these findings should be interpreted
cautiously as they may reflect multifactorial influences,
including behavioral and clinical factors.

At baseline, the majority of patients in both groups
reported exertional dyspnea, palpitations, general weak-
ness, and peripheral edema, with comparable frequencies
between patients with and without depressive/anxiety
symptoms (Table 2). Dyspnea was present in more than
90 % of patients in both groups, while weakness was
reported by over 80 %.

During follow-up, a marked reduction in symptom
frequency was observed. By month 6, the prevalence of
dyspnea, palpitations, weakness, and edema had de-
creased substantially in both cohorts. At 12 months, most
complaints were reported sporadically, and no statistically
significant intergroup differences were detected. Overall,
the dynamics of symptom reduction were similar in patients
with and without psychoemotional disorders.

Baseline hemodynamic parameters were comparable
between groups (Table 3). Mean systolic and diastolic blood
pressure, as well as heart rate, were within similar ranges
prior to treatment. After 12 months of therapy, significant
reductions in systolic and diastolic blood pressure and
heart rate were observed in both groups compared with
baseline values. The achieved levels remained stable during
follow-up, without significant between-group differences.

These findings suggest effective hemodynamic control
and symptomatic improvement during standard therapy; irre-
spective of the presence of depressive or anxiety symptoms.

Atbaseline, patients with depressive and anxiety symp-
toms demonstrated significantly lower SAQ scores across
all domains compared to patients without psychoemotional
disorders (Table 4). The most pronounced differences were
observed in physical limitation and quality of life, indicating
a substantially poorer subjective functional status in this
subgroup.

After 12 months of treatment, significant improvement
was observed in both groups. SAQ scores increased
across all domains, reflecting reduced symptom burden
and improved functional capacity. By the end of follow-up,
intergroup differences were no longer statistically significant,
and mean values were comparable between patients with
and without baseline depressive/anxiety symptoms. Nota-
bly, the magnitude of improvement appeared numerically
larger in patients with psychoemotional disorders; however,
no formal between-group comparison of change scores
was performed.

At baseline, 23 of 57 patients (40.3 %) had clinically
significant depressive and/or anxiety symptoms (Table 5).
In this subgroup, PHQ-9 and GAD-7 scores corresponded
to a moderate level of severity, whereas patients without
psychoemotional disorders demonstrated values within
the minimal range. After 12 months, a significant reduction
in PHQ-9 and GAD-7 scores was observed in the affected
subgroup, reaching levels consistent with mild or minimal
symptomatology.

The improvement in psychoemotional status was
paralleled by better SAQ outcomes; however, given the
observational design of the study, these associations should
be interpreted cautiously.

3anopisbkuit MeAnUHMIA XypHan. Tom 28, Ne 4(157), auneHb - cepnenb 2026 p.

Table 2. Frequency of main complaints in patients with CHF and concomitant anemia
according to the presence of depression / anxiety symptoms, n (%)

Day 30

Dyspnea No depression / anxiety, n = 34 31(92 %) 16 (47 %)
With depression / anxiety, n = 23 22 (95 %) 10 (43 %)
Palpitation No depression / anxiety, n = 23 0 (59 %) 11 (31 %)*
With depression / anxiety, n = 23 14 (61 %) 7(29 %)
Weakness No depression / anxiety, n = 34 8 (82 %) 13 (38 %)*
With depression / anxiety, n = 23 0 (87 %) 8 (35 %)*
Edema No depression / anxiety, n = 34 5 (44 %) 6 (18 %)
With depression / anxiety, n = 23 11 (48 %) 5 (22 %)

* data are presented as absolute numbers (n) and percentages (%); comparisons between baseline
and follow-up were performed using the McNemar test for paired categorical data; differences were
considered statistically significant at p < 0.05.

Table 3. Blood pressure and heart rate dynamics in patients with CHF and
concomitant anemia according to the presence of depression / anxiety symptoms,

Me (LQ; UQ)

Parameter, units
of measurement

SBP, mm Hg No depression / anxiety 138 (126; 150) 128 (116; 141)*
With depression / anxiety 140 (129; 151) 129 (119; 143)*

DBP, mm Hg No depression / anxiety 86 (79; 93) 80 (74;86)"
With depression / anxiety 5 (77; 92) 0 (73; 88)*

Heart rate, bpm No depression / anxiety 80 (69; 92) 71 (62; 87)
With depression / anxiety 1(71;92) 2 (60; 88)

* p < 0.05 - significance of differences with the baseline data.

Table 4. SAQ domain scores in patients with CHF and concomitant anemia according
to the presence of depression/anxiety symptoms, Me (LQ; UQ)

A days

Parameter, units
of measurement

Physical limitation, No depression / anxiety 54.3 (46.4; 61.8) 74.1(67.2; 81.6)*
points With depression / anxiety 426(36.5,488)  77.9(70.8; 83.9)*
Stable angina, No depression / anxiety 57.8(48.7;64.0)  70.2(64.3;79.2)*
SIS With depression / anxiety 452 (38.8;486)  72.4(67.8,79.1)*
Quality of life, No depression / anxiety 52.1(45.1;59.0)  72.5(64.9;80.1)*
scores With depression / anxiety 38.7(32.8;455)  76.3(69.5; 80.1)*

* p < 0.05 - significance of differences with the baseline data.

Table 5. Dynamics of PHQ-9 and GAD-7 scores in patients with CHF and
concomitant anemia according to the presence of depression/anxiety symptoms,

Me (LQ; UQ)
Before treatment | After 340 days

Parameter, units
of measurement

PHQ-9, scores No depression / anxiety 45(3.9,5.2) .9 (3.0; 5.0)
With depression / anxiety 13.4(10.7; 16.8) .8 (4.5;6.7)*

GAD-7, scores No depression / anxiety 4.1(3.5;4.8) .7(2.9;4.9)
With depression / anxiety 12.1(10.1; 15.2) .3 (4.4;6.3)

* p < 0.05 - significance of differences with the baseline data.

No serious adverse events related to intravenous FCM
or sertraline were observed during the follow-up period.

Discussion

In this study, we assessed the dynamics of hematological
and iron metabolism parameters in patients with CHF
of ischemic origin treated with intravenous FCM, with a
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separate analysis of the subgroup with depressive and
anxiety symptoms. In general, significant improvements in
hemoglobin, ferritin, transferrin saturation, and erythrocyte
count were observed at days 160 and 340. In Group 2
(depression / anxiety), improvements were numerically
more pronounced compared with baseline values. These
observations are consistent with the existing evidence that
correction of iron deficiency in CHF improves symptoms,
functional capacity, and quality of life, and may reduce the
risk of hospitalizations for HF decompensation [20,23].

First, our results support the central role of iron defi-
ciency as a therapeutic target in CHF. Iron deficiency is
currently estimated to occur in 50-80 % of patients with CHF
and is associated with worse clinical outcomes, including
decreased exercise tolerance and quality of life. It is in this
cohort that intravenous iron supplementation has shown
the most convincing effects. The FAIR-HF (NEJM, 2009)
reported that intravenous iron supplementation in patients
with CHF and iron deficiency, regardless of anemia, resulted
in significant improvements in symptoms, NYHA functional
class, and quality of life compared with placebo. Our empir-
ical data of increases in ferritin and transferrin saturation,
and improvements in hemoglobin with FCM treatment are
consistent with these findings [23].

The second key axis of interpretation is the results of
multicenter randomized trials in @ more acute population.
In particular, AFFIRM-AHF trial in patients stabilized after
an acute episode of CHF showed that FCM reduced the
frequency of rehospitalizations for CHF, with an effect driven
predominantly by the hospitalization component; mortality
was not statistically different. This is an important context
for our findings: in real-world practice, increasing ferritin,
transferrin saturation and hemoglobin not only reduces
symptom burden but may also translate into fewer decom-
pensations, primarily in the first months after initiation of
iron treatment [20,24].

More recent data also clarify the role of FCM in long-
term management. The largest randomized trial to date,
HEART-FID [25], in patients with HF with reduced left
ventricular ejection fraction and iron deficiency confirmed
improvements in symptoms and quality of life with FCM,
although the effect on hard clinical endpoints remained more
heterogeneous depending on the analysis. Taken together,
these data are consistent with our observations: significant
laboratory improvements and a pronounced symptomatic
response, especially in more clinically vulnerable sub-
groups, but without a guaranteed reduction in mortality in
each individual study [25].

From a clinical guideline perspective, our approach is
consistent with current European practice. The 2021 ESC
guidelines [26] (updated 2023-2024) recommend screening
for iron deficiency in all patients with CHF and treating with
intravenous iron supplementation when deficiency criteria
are met (ferritin <100 pg/L or 100-299 ug/L with transferrin
saturation <20 %). We applied this selection and treatment
logic; therefore, the changes in ferritin, transferrin saturation,
and hemoglobin obtained well illustrate the “implementation”
of the guidelines in areal cohort [27]. The dynamics of serum
iron levels were less consistent compared with ferritin and
hemoglobin. This may be explained by the fact that serum
iron is characterized by considerable biological variability
and is influenced by circadian rhythm, inflammatory activity,
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and short-term metabolic changes. Therefore, ferritin and
transferrin saturation are considered more stable markers
of iron metabolism in clinical studies.

Of particular note is the observation that patients with
depression/anxiety showed greater improvements in key
indicators compared with patients without these symptoms.
On the one hand, this may reflect the “greater potential
for improvement effect”: initially more vulnerable patients
(in terms of psychoemotional state) received combined
interventions, iron correction + antidepressant therapy,
and therefore had higher potential for gain. On the other
hand, the literature convincingly shows that depression
and anxiety in CHF are associated with worse baseline
indicators and prognosis. Of particular interest is the ob-
servation that patients with depressive/anxiety symptoms
demonstrated numerically larger improvements in several
laboratory indicators. One possible explanation is the
greater “room for improvement” effect, as this subgroup
had poorer baseline psychoemotional and functional status.
However, the present study did not assess behavioral or
treatment-related factors such as adherence, and therefore
the mechanisms underlying these differences cannot be
determined. Systematic reviews report a prevalence of
clinically significant depressive symptoms in 20-30 % of
patients with CHF, associated with worse clinical outcomes.
This reinforces the plausibility of our observation: targeting
psychoemotional disorders may “unlock” a better response
to somatic treatment (including FCM) [10].

The issue of antidepressant therapy in CHF, in par-
ticular sertraline, remains controversial. The randomized
trial SADHART-CHF did not demonstrate a statistically
significant advantage of sertraline over placebo in reduc-
ing depressive symptoms in patients with CHF receiving
intensive non-pharmacological support and optimal cardiac
therapy; at the same time, it confirmed the safety of ser-
traline in this population [22]. In our cohort, patients with
depressive / anxiety symptoms demonstrated improvement
in psychoemotional scores during follow-up. However, the
study design does not allow determination of the mecha-
nisms underlying the parallel improvement in laboratory
parameters, and the observed associations should therefore
be interpreted cautiously.

An important aspect of interpretation is the temporal
dynamics of the improvements. Our cohorts showed a
marked increase as early as day 160 with some additional
benefit by day 340. This response curve is consistent with
the data from FAIR-HF and subsequent subanalyses, where
improvements in symptoms and quality of life occurred
relatively quickly after correction of iron deficiency and
were maintained over time. However, at the level of “hard”
events (mortality / hospitalization), the effects were more
variable and depended substantially on the design, popu-
lation and intensity of follow-up, as shown by AFFIRM-AHF
and HEART-FID. This context explains why our laboratory/
symptom changes are more pronounced than any expect-
ed changes in long-term prognosis beyond the follow-up
period [25,28].

From a practical standpoint, the data support routine
screening and correction of iron deficiency in patients with
CHF, fully consistent with current ESC recommendations
and recent practice reviews. Contemporary reviews em-
phasize that iron deficiency (with or without anemia) is an
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important therapeutic target in itself, and FCM has robust
data on improving symptoms, peak aerobic capacity, ques-
tionnaire scores (KCCQ, MLHFQ) and quality of life. Given
the complex multimorbidity of CHF, interventions with high
“energy of effect” on daily functioning (dyspnea, exercise
tolerance, fatigue) are of primary importance to patients; in
this respect, our results compare well with the literature [21].

The mechanisms underlying the observed differences
between subgroups remain uncertain. Patients with depres-
sive symptoms initially demonstrated poorer psychoemo-
tional and functional status, which may partially explain the
relatively large improvement observed during follow-up.
However, behavioral and clinical factors potentially influenc-
ing treatment response were not specifically evaluated in
this study, and therefore the observed associations should
be interpreted cautiously [22].

The limitations of our study merit emphasis. First, it is
an observational design without randomization; therefore,
comparing groups on the dynamics of indicators does not
exclude the influence of confounding factors (age, comor-
bidity, baseline CHF severity, inflammation parameters, be-
havioral factors etc.). Second, the labeling of the depression/
anxiety subgroup was based on questionnaires and clinical
assessment, which carries an inherent risk of classification
error; and the lack of standardized “hard” psychometric
endpoints on the dynamics limits our conclusions about the
direct effect of antidepressant treatment. Third, we analyzed
mean values, which “smooth out” interindividual variability;
additional analyses (medians, IQRs, mixed-effects models
adjusted for covariates) could provide a more accurate
picture. Notwithstanding these limitations, the consistency
of our trends with the RCT data and recommendations adds
confidence to the overall conclusions. (Context: FAIR-HF,
AFFIRM-AHF, HEART-FID; ESC guidelines) [20,26,23,27].

Several potential clinical implications may be drawn from
these findings. Our results further support the importance of
evaluating iron status in patients with CHF and correcting iron
deficiency when present. This observation is consistent with
current clinical guidelines recommending the assessment and
treatment of iron deficiency in this population [27].

The findings also highlight the potential relevance of
assessing psychoemotional status in patients with CHF.
Identification and management of depression and anxiety
symptoms may represent an important component of
comprehensive patient care, particularly given their known
association with reduced quality of life and treatment ad-
herence [22].

In patients presenting with both pronounced iron de-
ficiency and psychoemotional distress, closer clinical and
laboratory monitoring during follow-up may be reasonable.
Such an approach could help optimize the timing of reas-
sessment and the need for repeated iron supplementation,
taking into account the dynamics of response described in
clinical trials and observed in the present study [28].

In summary, our registry demonstrates that a combined
strategy, systematic detection and treatment of iron defi-
ciency with intravenous FCM combined with simultaneous
attention to psychoemotional status (screening, support,
and sertraline as needed), is associated with significant
improvements in iron-related and hematological parame-
ters, including patients with depressive/anxiety symptoms.
Patients with depressive/anxiety symptoms who received

3anopisbkuit MeAnUHMIA XypHan. Tom 28, Ne 4(157), auneHb - cepnenb 2026 p.

sertraline demonstrated improvement in psychological
status during follow-up; however, due to the observational
design of the study, the independent effect of sertraline can-
not be clearly separated from the overall treatment effect.
These results are fully congruent with data from high-quality
trials (FAIR-HF, AFFIRM-AHF, HEART-FID) and current
ESC guidelines, and emphasize the importance of a multi-
disciplinary management model for CHF. Further studies,
preferably using standardized psychometric instruments,
longer follow-up periods, and causal analysis methods (in-
strumental variables or targeted trial emulations), may clarify
the causal contribution of psychoemotional interventions to
the magnitude of response to iron deficiency correction and
the impact on “hard” clinical endpoints.

Conclusions

1. Intravenous ferric carboxymaltose administration
in patients with chronic heart failure of ischemic etiology
and iron deficiency anemia was associated with a signif-
icant improvement in hematological and iron metabolism
parameters. Increases in hemoglobin, ferritin, erythrocyte
count, and transferrin saturation were observed by day 160
and persisted throughout the 12-month follow-up period.

2. Patients with concomitant symptoms of depression
and/or anxiety demonstrated comparable improvements
in hematological parameters and quality-of-life indicators
during follow-up despite less favorable baseline psycho-
emotional status.

3. The observed changes may reflect the potential
benefit of a comprehensive management approach that
includes correction of iron deficiency and attention to psy-
choemotional status. However, due to the observational
design of the study, the independent effect of antidepressant
therapy cannot be determined.

4. The findings are generally consistent with previous
clinical studies and current ESC recommendations em-
phasizing the importance of diagnosing and correcting iron
deficiency in patients with chronic heart failure.

5. Overall, the results suggest the potential clinical value
of an integrated multidisciplinary approach to chronic heart
failure management in patients with iron deficiency anemia,
although further prospective controlled studies are required
to confirm these observations.

Prospects for further research. Future research should
focus on multicenter randomized controlled trials with larger
sample sizes to evaluate the long-term clinical impact of
a multimodal therapeutic strategy in patients with HF se-
condary to CHD complicated by anemia and psychological
distress. In particular, it is important to assess its influence
on hospitalization rates, cardiovascular mortality, and func-
tional capacity. Moreover, further studies should examine
the prognostic significance of anemia correction and tar-
geted management of depressive and anxiety symptoms
within integrated HF care models. Exploring the relationship
between psychological parameters, myocardial remod-
eling, exercise tolerance, and quality-of-life indices may
provide deeper insight into underlying pathophysiological
mechanisms. The results of such studies could contribute
to the development of structured multidisciplinary clinical
algorithms for the comprehensive management of patients
with HF secondary to CHD.
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Biky 3 apTepianbHoto rinepTeHsieto (Al), rineptpodieto nisoro winyHouka (MTILW) Il cTagii Ta pisHnM cTaHoM AiacToniyHoi dyHKUii
CepLs LUMSXOM BUBYEHHS Na3MOBYX PiBHIB MO3KOBOrO HaTpiypeTuyHoro nentugy (MHI).

Marepiaau i metoau. 3aicHnnm obeTexeHHs 192 iHok, uTenbok Moainbebkoro perioHy Ykpainu. [Jo rpynu KOHTPOMo 3anyymnm
80 ocib 6e3 03HaK cepLeBO-CYAMHHOI NaTonorii, 40 OCHOBHOI rpyni AocnimkeHHs — 112 nauieHTok 3 AT [na3moBy KOHLEeHTpaLlito
MO3KOBOrO HaTpillypeTU4HOro NenTuay BU3HAYEHO 3a JOMOMOro iMyHoepMeHTHoro aHaniay (IPA). Takox ycim obcTexeHnm
BUKOHaHO exokapgiorpadpito (ExoKI). MaTtemaTnyHO pesynbraTi JOCHifKeHHs onpautoBany 3 BUKopucTaHHsM Statistica 6.1.
paHnyHi pisHi MHIT o6uncnnnm, 3actocysaslun MedCalc Software Ltd. Odds ratio calculator.

Pe3syabtatu. Mnaamosi pieHi MHI y xiHOK nocTMeHonay3anbHOro Biky, XXMTeNbok Moginbcbkoro perioHy Ykpainu, 3 Al i ITIL Bipo-
rigHo BULLi Npw ekcueHTpuyHin ML (79,12 + 4,35 nr/mn) Ta po3BuTKy AiactoniyHoi ancdyHkuii (73,84 + 2,25 nr/mn; p < 0,01). Y
LLivt rpyni BUKOPUCTaHHS 3aranbHonpuiHsToro pisHs MHIM 35,0 nr/mn Mano HegocTaTHbo BUCOKY cneundivHicTb (14,28 %) ans
BUsiIBNEHHs nauieHTok i3 . Lnsxom ananizy ROC-kpuBux 064ncneHo rpaHnyHi pisHi MHI, o MoxyTb ByT BUKOpUCTaHi Anst
paHHbOI AiarHOCTMKM NOPYLLEHHS AiacToniYHOT dhyHKLT NiBoro wiyHouka (69,9 nrimn), a Takox ekcueHTpuyHoi MW (72,9 nr/mn)
Yy LMX NaLieHTOK Ta € BULLMMM 3a 3aranbHOMPUAHATAN MOKa3HVIK.

BucHoBku. [nasmosi pieHi MHI y xiHOK nocTmeHonay3anbHoro Biky, xuTenbok Moginscbkoro perioHy Ykpainu, 3 Al i T Buwwi
npyv dhopmyBaHHi ekcLieHTpuyHoi [T Ta giactoniyHoi ancdyHKuii. Mpy LbOMY AiarHOCTUYHA LHHICTb 3aranbHOMPUIAHATONO PIBHS
MHTM 35,0 nr/mn (6e3 ypaxyBaHHst 0COONMBOCTE 3@ CTaTTH0) MA€ HEAOCTATHLO BUCOKY CneLMMIYHICTb. 3anponoHOBaHi rpaHuyHi
piBHi MHIT MOXyTb HagaTh LOAATKOBUI AjarHOCTUYHMIA NOTEHLian Ans ckpuHiHrosoro Bigdopy ocib 3 Al i MW ans nogansLwioro
ExoKI-poobcTexeHHs, B pasi HeMOXNMBOCTi 3aiicHeHHs ExoKT, a Takox cTpusitume po3pobLi eheKT1BHIUX NikyBanbHO-peabini-
TaliHMX 3aX0AiB, NOKPALLEHHIO MPOrHO3Y TakuX NaujieHTiB.

KatouoBi cnoBa:
apTepianbHa
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nocTMeHonaysa,
AiacToAiYHa
AVCOYHKLIA,
rinepTpodis AiBoro
LUAYHOYKA, MO3KOBHI
HaTpinypeTUyHUit
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Miokapaa.
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Brain natriuretic peptide as a biomarker for the diagnosis
of left ventricular hypertrophy and diastolic dysfunction
in postmenopausal women with arterial hypertension

V. M. Zhebel, 0. 0. Sakovych, T. V. Polishchuk, O. L. Starzhynska, S. V. Franchuk, M. 0. Matokhniuk, O. K. Shevchuk

Aim: to evaluate the diagnostic value of plasma brain natriuretic peptide (BNP) levels for the diagnosis of preclinical chronic heart
failure in postmenopausal women with arterial hypertension (AH) and left ventricular hypertrophy (LVH) with varying degrees of
diastolic dysfunction (DD).

Materials and methods. A total of 192 postmenopausal women from the Podillia region (Ukraine) were enrolled. The control group
comprised 80 women without signs of cardiovascular pathology. The main study group included 112 patients diagnosed with AH.
Plasma BNP concentration was measured by enzyme-linked immunosorbent assay (ELISA). All participants underwent echocar-
diography. Statistical analysis was performed using Statistica v6.1. Optimal BNP cutoff values were determined using Odds ratio
calculator MedCalc Statistical Software Ltd.

Results. Plasma BNP levels in postmenopausal women with AH and LVH were significantly elevated in case of eccentric LVH
(79.12 £ 4.35 pg/ml) and DD (73.84 + 2.25 pg/ml; p < 0.01). The conventionally accepted BNP threshold of 35.0 pg/ml demonstrated
insufficient specificity (14.28 %) for the identification of DD in this population. ROC curve analysis identified optimal BNP cutoff values
of 69.9 pg/ml for early diagnosis of DD and 72.90 pg/ml for LVH detection, both substantially exceeding the conventional threshold.

Conclusions. Plasma BNP levels in postmenopausal women from the Podillia region of Ukraine with AH are significantly elevated
in the presence of LVH and DD. The universally applied BNP threshold of 35.0 pg/ml (regardless of sex specifics) demonstrates
insufficient diagnostic specificity. The proposed BNP levels may enhance screening accuracy for identifying patients with AH and
LVH who require echocardiographic examination, particularly in resource-limited settings where echocardiography is not imme-
diately available, contributing to the development of high-quality treatment and rehabilitation measures and improving prognosis
for such patients.
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CepLieBo-CyaVHHI 3aXBOPIOBAHHSA B YCbOMY CBITi 3anuLua-
I0TbCS CKMaAHOK COoLjanbHO-EKOHOMIYHOK Ta MEAVYHOK
npo6rnemoto. MNpoTAroM 0CTaHHIX POKIB Y CBITi BU3HAYaKOTb
36inbLUeHHS IXHBOI MOWMpPEHOCTI. Lia TeHaeHUis xapak-
TepHa i ansa aptepianbHoi rineptensii (Al), yacTka sikoi
cepen CepLeBo-CyANHHUX 3aXBOPIOBAHb € Han3BWYalHO
BENMKOH [1]. Lief XpOHIYHWIA CTaH € BaXNMBUM BUKITMKOM
AN CUCTEMW OXOPOHW 3[OPOB’SA, OCKINbKY MOB’A3aHWiA i3
MiABULLEHNM PU3UKOM CEpLEBO-CYAUHHUX i LiepebpoBa-
CKYNSIPHWX 3aXBOptOBaHb, 30KpeMa iHdapKTy Miokapaa,
Pi3HWX BapiaHTiB iHCYNbTY Ta MIKPOCYAMHHUX XBOPOD, AKi
€ O[IHAMW 3 OCHOBHWX NPUYMH CMepTi B yCbOMY CBiTi [2,3].

Mpobnema Al € akTyanbHOL i Ans YkpaiHu: 3a AaHUMK
focnimkenHs STEP, ii giarHocToBaHo Maixe y 35 % Hace-
TEeHHS, | NOLUMPEHICTb NaTonorii MPOrpeCBHO 30iNbLLYETLCS
3 Bikom [1].

[lo HacTaHHA mMeHonaysu XiHKW 3a3BuYan pidlle 3a
Y4onoBikiB XBOPitoTb Ha ATl MMOSACHIOITL Lie BUpPaXeHUM
[ediLMTOM ECTPOreHIB, a TakoX PI3HOCNPSMOBaHUMM edpek-
Tamu BNAMBY TECTOCTEPOHY i ECTPOreHiB Ha CEpLIEBO-CY-
AnHHY cnctemy. OfHaK i3 HacTaHHAM MeHonay3ansHoro
Biky npobnema Al cTae Haa3BMYaWHO akTyamnbHOKW Ans
XIHOK, OCKiflbk/ Came B Liel Nepiof XWUTTS 3aXBOPIOBAHHS
MaHicbeCTye Ta NiABULLYETLCSH CepLEeBO-CYAUHHWA PU3KK.
lMocTMeHonay3a acouitoeTbesl 3 BUCOKUM puankom Al sk
OfIHOTO 3 HaBaXNWBILLIMX (HAKTOPIB PO3BUTKY CEPLIEBO-CY-
AVHHWX yCKNaHeHb Ta CMEPTHOCTI cepef XiHoK [4,5].

AT, 0gHWM i3 OCHOBHIX MPOSBIB SKOI € riNepTeH3NBHE
ypaxeHHs cepus — rinepTpodisi niBoro wiyHouka (ML),
HanexuTb A0 NPoBiAHMX HaKTOPIB PO3BUTKY MOPYLUEHHS
piactoniyHoi yHkuii nigoro wnyHouka (44 JLW). Mpo-
rpecyBaHHa O T cnpuunHsie opmyBaHHS cepLeBoi
HEOCTaTHOCTI 3i 30epexeHo pakuielo BUKMAY NiBOro
wnyHouka (CH36®B). MoeaHaHHs Al i XpoHiYHOI cepLeBoi
HEeL0CTaTHOCTI NOTipLLYE NPOrHO3, aCOLI0ETHCS 3 BUCOKUM
piBHEM rocnitanisauii, 3aXBOpOBaHOCTi Ta CMEPTHOCTI [6].

Exokapgiorpadist (ExoKI") — OCHOBHWIA iHCTpyMEHTanb-
HWI METOA OLHIOBaHHS CTPYKTYpM Ta dyHKLii Miokapaa.
Pa3om i3 TUM, Lieln MeTog, € AOCUTb BapTICHWM i B MEBHUX
KMiHIYHUX cuTyaLisx Moxe ByTu HepocTaTHLO iHopma-
TUBHWM. 30Kpema, Mpu Takux CTaHax, sk dibpunsauis ne-
pencepab, 3Ha4yHa AecopmaLis rpyaHoi KNiTkW, BUpaxeHe
OXKMPiHHS, emdizeMa nereHb TOLO i Yac NPOBEAEHHS
ExoKI™ MOXyTb BUHWKHYTU TEXHIYHI TPYOHOLLi Ta NOXMOKK
npw Bisyanisadii. Lie MoXe Cpy4mMHUTI NOMUIKOBY iHTep-
npeTauito AaHWX, OTPUMaHMX nig Yac 06CTEXEHHS, L0
npu3Bese 40 HEKOPEKTHOrO OBYMCIIEHHS Ta OLHIOBAHHS
CTaHy BHYTPILLHbOCEPLIEBOI reMoAnHaMiky, Bif SKuX 3a-
NEeXWTb TOYHICTb AiarHOCTMKW QOKMIHIYHUX 3MiH cepus Y
nauieHTiB 3 Al. Kpim Toro, ExoKI™ Mmoxe ByTn HegocTatHbo
[OCTYMHOW, 0COBNMBO Ha NEPBWHHOMY PiBHI MEAWYHOI
[0MOMOrK, a OLiHIOBaHHS CTaHy CepLa y Takux nalieHTiB
notpebye perynspHoro Ta AnHaMiYHOro KOHTPOH [7].

Omxe, 4ns oNTUMI3aLii paHHBOTO BUSIBNEHHS AOKITiHIY-
HUX 3MiH Cepust y mauieHTiB 3 Al" NpOnoHyTL 10AATKOBO
BU3Ha4aTu piBHi Giomapkepi. Lli maHi 3 Bucokow edek-
TMBHICTIO 3aCTOCOBYIOTb Nif Yac cTpatudikauii ocib, koTpi
notpebytoTb iHAMBIAYaNbHOT MPOMINAKTUKYA BUHUKHEHHS]
MW ra OO NLW. Cepen pi3HOMaHITTS TakuX PEYOBUH SIK
[0CTaTHLO iH(POPMATVBHWI Mapkep BU3HAYEHO CiMell-
CTBO HaTPIiypETUYHMX NENTUAIB, 3-MOMIK SKUX OOHWUM i3
HanBINbLL BUBYEHNX € MO3KOBUIA HATPIYPETUYHWIA NENTUA
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(MHI) [8]. Moro BUKOPUCTaHHS Yy NOBCAKAEHHIN MpaKTALj
TaKoX HaBEAEHO B KIiHIYHWMX peKkoMeHpaisx €sponeli-
cbkoro ToBapucTBa kapgionoris (ESC), AmepukaHcbkoi
konerii kapaionoris (ACC) Ta AmepukaHcbkoi acoujiaii
cepus (AHA) [9,10].

3rigHo 3 pesynsTatamut YUCTEHHUX AOCHIMKEHD, Y BCIX
xBopwx 3 03Hakamu [T koHueHTpauis MHIMy nnaami kposi
nepesuLLye Hopmy. Kpim Toro, BennumnHa MHI kopentoe 3
MoKasHyKkamu 4iacToniyHol Ta CUCTONIMHOIT (PYHKLN cepus,
Lo Br3HaueHi nig yac ExoKT [11]. BusHaueHo BigMiHHOCTI B
npoaykysaHHi MHI 3anexHo Big ctari. Tak, BCTaHOBNEHO,
LU0 y xiHOK piBHi MHIT 3a3Buy4al BULL, HDX Y YOMOBIKiB; Lie
MOXe ByTV novacTu 3yMOBIIEHO €CTPOTEHHUM CTaTyCOM,
OfHaK [O0LNbHO NPOAOBXKUTM AOCTIMKEHHS 3 LIbOTO MiA-
TaHHs [12,13].

MHIT — KniHiYHO 3HAYyLLMIA NPOTHOCTUYHWIA MapKep
OIS PI3HNX CEPLIEBO-CYANHHMX 3aXBOPoBaHb, 0COBNMBO
CepLeBoi HedoCTaTHOCTI. PiBHI LbOro nenTuay nos’sidaHi
3i 36iNbLUEHNM PU3MKOM CMEPTHOCTI y nauieHTiB 3 Al Ta y
3aranbHiv nonynauji [14]. PasoM i3 TUM, 3MiHW NrasmMoBuxX
piBHiB MHITy xBopwx Ha A" Il cTagii (HeycknagHeHy) foci
BMBYEHO HEJOCTaTHBO. Y HEYMCTIEHHNX JOCTIIIKEHHSIX Ha-
BEEHO AaHi Npo 36inbLUEHHS PIBHIB NENTUaY NpW PO3BUTKY
i g nil. Kpim toro, nig 4ac 0641cneHHs pekoMeHao-
BaHOro Ans giarHoctuku pisHs MHIM noHag 35,0 nr/mn [8]
He BpaxoBaHO BiK i CTaTb 0OCTEXEHMX, ETIONOTi0 cepLEeBOi
HepocTaTtHocTi. ToMy AOCTIMKEHHS MatoTb Gy TW CipsiMOBaHi
Ha BM3HaYeHHs noporosux piBHiB MHIT 3 ypaxyBaHHAM
eTionorii aucdyHKLT Miokapaa Ta 0cobnmBoCTel NaLieHTiB
3anexHo Bif Biky Ta CTari.

MeTta po6otu

YnockoHaneHHs AiarHoCTVKM AOKMIHIYHOT XPOHIYHOI cepLie-
BOI HEOCTATHOCTI Y NaLiEHTOK NOCTMEHONAy3abHOro BiKy
3 Al TTIW 11 cTagii Ta pisHMM CTaHOM AiaCcToniYHOT PYHKLT
CepLs LWNSAXOM BUBYEHHS Nna3moBmx pisHiB MHI.

Martepianu i MeToAU AOCAIAXKEHHA

3nilicHuUnn obeTexeHHs 192 xiHokK, xuTenbok Moainns, ce-
pezHii Bik navieHTok ctaHoBmB 57,17 £ 0,31 poky. Yci xiHku
nig yac obcTexeHHs nepebyBanu B nepiogi NoCTMEHoNayau.
MeHonay3y B13Ha4anu BignoBigHoO 0 pekoMeHaaLin Hauy-
OHarbHOTO IHCTUTYTY OXOPOHU 300POB’S Ta YIOCKOHANEHHS]
meanyHoi gonomoru (Benvka bpuranis) [15].

[o KoHTponbHOI rpynu JocnigxeHHs 3anyyuunu 80
XIHOK, SIKi He Manu 03HaK cepLIeBO-CyaANHHIX 3aXBOPIOBaHb
i [TILLI, 3ymOBNEHOI iHLLIMMK, HeKapAianbHUMU MPUYUHAMN.
CepepHiit Bik navjieHToK Liei rpynu ctaHoswB 57,49 + 0,48
POKY.

[10 OCHOBHOI rpynu AOCTIMKEHHS 3amyumnnm 112 KiHoK,
y skux giarHoctosaHo Al 3 rinepTpodieto NiBOro LyHOY-
ka — Al Il cTagii. CepepHin Bik 06CTeXEHNX i3 L€l rpynu
craHoBuB 56,95 0,41 poky, 4OCTOBIPHO He Biapi3HSABCA
Big Biky oci6 i3 rpynu koHTponto. [liarHo3 Al BepudikoBaHo
BIANOBIOHO [0 HACcTaHOBM €BPOMENCHKOr0 TOBapUCTBa
kapgionoris (ESC) 2024 poky [9].

OB0B's13K0BO BpaxoByBany Taki KpUTEpIi BUKIHOYEHHS
3 [OCNiMKeHHs, AK diarHocToBaHa cumnToMaTtuyHa Al
HasIBHICTb aHAMHECTUYHIX BKa3iBOK, CUMMTOMIB Ta 03HaK
iLuemiyHOT XBOpPOOM CepLs, Lo BUHMKNA A0 HacTaHHs AT,
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OpwuriHaAbHI AOCAIAXKEHHS

nepeHeceHi ycknagHeHHs Al sk-0T iHapkT miokapaa,
rocTpe MOPYLUEHHS MO3KOBOro KpoBoobiry, remoguHa-
MI4YHO 3HauyLLi NOPYLUEHHS pUTMY Ta NPOBIAHOCTI cepus
(exkcTpacucTonis BUCOKOI rpapaLii, ibpunauis Ta Tpino-
TiHHSA Nepencepab, CMHOATpianbHa Ta aTpioBETPUKYNSpHA
6nokagu II-1ll cTyneHiB Towo). AK KpUTEPIi BUKIIOYEHHS
BW3HAYeHO TaKOX HWU3Ky HekapAianbHWX 3aXBOPHOBaHb:
LlykpoBWil AiabeT, XpOHIYHe 0BCTPYKTUBHE 3aXBOPIOBAHHS
niereHb i NOPYLUEHHS (OYHKLLT HUPOK.

[TIW nigTBEpmMKYBanM 3a AaHUMU KIiHIYHOTO 1 IHCTPY-
MeHTanbLHOro 0bCTexeHHs (enekTpokapaiorpadis, ExoKT).

YCi XiHKW, SKMX 3any4nnu 4o LOCTIMKEHHs, nepeby-
Banu Ha ambynatopHomy abo craLioHapHOMY fikyBaHHi y
KHIM «BiHHMLbKWIA 06nacHNiA KMiHIYHUIA MeauyHWin peabini-
TaUiNHUIA LeHTp BETEPaHIB BilHW Ta pagiaLliiHoro 3axucTy
HaceneHHs» BiHHMLBKOI obnacHoi paav B nepioa 32012 go
2024 poky. MavjeHT 3 Al oTpUMyBanu ctaHaapTHy 6asvcHy
Tepanito BiAnoBiAHO 40 peKOMEHAALN €BPONENCHKOro To-
BapyCTBa kapaionoris, AMepyKaHCLKOT Konerii kapaionoris
Ta AMEpPUKaHCBKOI acoujiaLlii cepus LWOoAo AiarHOCTVKK Ta
niKyBaHHS apTepianbHoi rinepTeHsii Ta cepLeBoi HegocTar-
HocTi [9,10]. DocnimkeHHs 3aiicHMnM Ha dooHi cTabinizawii
CTaHy nauieHTok. Cxemy Npu3HaYeHoro NikyBaHHs Ta 1ioro
eeKTVUBHICTb Y NPOTOKONI AOCTIIKEHHS He BpaxoByBani
Ta He 6panu [o yBaru nig Yac hopMyBaHHS rpyn Y4acHUKIB.

ExoKT-obcTexeHHs BUKOHyBanu Ha exokapgiorpadi
«PAOMWP ULTIMARAY. BignosigHo A0 HactaHoBu €B-
ponencbkoro ToBapuctea kapgionoris (ESC) 2024 poky
LWoAo NikyBaHHA MiABMLLEHOTO apTepianbHOro TUCKY Ta
rinepToHii, ML BU3Ha4anu npu iHOEKCi Mack Miokapaa
nigoro wryHouka (IMMIILL) >47 r/m27 1a >95 r/m?. FAKLwo Bia-
HOCHa TOBLLMHA CTiHKM NniBoro LunyHouka (BTC) craHoBuna
>0,42, piarHoctyBanv koHueHTpuyry ML (KITILW), npn BTC
<0,42 — excueHTpuyny MW (EML) [10]. Ans BepudikaLii
[0 NLL 3acTocoeaHo pekomeHAaaLii AMEpUKaHCHKOro ToBa-
pucTBa exokapaiorpadii (ASE) 2025 poky [16].

PiseHb MHIT y nna3mi KpoBi BU3HA4anu LUASXOM
iMyHO(DEPMEHTHOIO aHaniay 3 BUKOPUCTaHHSAM peaKTVBIB
«Elabscience® Human BNP (Brain Natriuretic Peptide)
ELISAKit» (CLLA). Binbip kposi ans gocnimkeHHs Ta 36e-
piraHHs 3paskiB 34iNCHUNN 3 LOTPUMAHHAM BUMOT TeMMe-
paTypHOro pexumy: kpoB Habupanu B oxonomkeni go 0 °C
noninponineHosi NpoBipku, wo mictunn EATA (1 mr/1 mn
kpoBi) Ta anpotuHiH (500 KOg Ha 1 Mn kpoBi). Yac Big B3ATTA
3paskiB kpoBi 40 BUAINEHHS Nna3mu He nepesuLlysas 30
xsunvH. OTpManuin matepian 3bepiranu 3a Temnepartypu
-32 °C npotsarom He 6inbLue Hix 1 micsus.

KomiTeT 3 BGioeTnkn BiHHULbKOrO HalioHanbHOro
Megu4Horo yHisepeuTeTy iM. M. |. Tuporosa posrnsHys Ma-
Tepianu HaykoBOro AOCHIMKEHHS. Y pesynbTaTi ekcrnepTuan
BCTaHOBIIEHO, LU0 MaTepiany 4OCRiMKEHHS He cynepeyaThb
OCHOBHWM BiOETUYHUM HOPMaM, BUKMNAAEHUX Y YNHHUX
HOPMaTMBHUX AOKYMEHTax, BKMoYawyu [enbCiHCbKy
feknapadito BcecBiTHBOI MeaunyHoi acoujaii, KoHBeHLjto
Papau €sponu npo npasa ntoaunHn Ta GioMeanLmHy, Ta iHLLnX
npaBoBux akTax (mpotokon Big 18.03.2026 poky Ne 4).

MatemaTuyHO ofepxaHi pesynbraTu onpaLoBany
3a gonomorot nporpamu Statistica 6.1 (niueH3iiHWA
Ne BXXR901E245722FA). O6umcneHo nepBuHHi cTatuc-
TUYHI NOKasHUKKM (cepedHe apudmeTnyHe — M, noxwbka
CepenHboro apudPMETUYHOTO — M, CepeaHboKBaapaThY-
He BiAXWneHHs — ). Pesynsratn HaBeAeHo SK cepenHe

3anopisbkuit MeAnUHMIA XypHan. Tom 28, Ne 4(157), auneHb - cepnenb 2026 p.
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Puc. 1. YacTka xiHok nocTMeHonay3anbHoro Biky 3 pisHumm ctyneHsimu AT Il cragii (%). *: BiamiHHOCTI

[OCTOBIPHI NOPIBHSIHO 3 KOTOPTOHO NauieHTok 3 Al 2 cTyneHs (p < 0,05).

apudmeTnyHe (M + m)abo yacTku y BincoTkax. BigmiHHOCTI
MK [JBOMa rpynamu JaHnx OLHIOBanM 3 BUKOPUCTaHHSAM
t-kpuTepito CTblogeHTa, Mk TpboMa Ta GinbLue rpynamu
— wnsxom 3actocyBaHHsi one-way ANOVA 3a kputepiem
Totoki. OBUMCNEHO YOTMPMNONbLHI TabnuLi CNpsKeHOCTI
3 BUKOPUCTaHHAM KpuTepito X>-[ipcoHa, BrKOHaHO auc-
KPUMiIHaHTHWUI aHani3. MpaHuyHi pisHi MHIT Bu3Havamm 3
BUKOPUCTaHHAM noricTuiHoi perpecii Ta ROC-aHaniay 3a
fonomoroto BukopuctaHHa MedCalc Software Ltd. Odds
ratio calculator (Bepcist 23.3.6 Big 20.08.2025 poky). AkicTb
po3paxoBaHoi MoZeni OUiHIOBaNM 3a NOKa3HUKOM MIOLL
nig ROC-kpueoto (ROC AUC). Pesynsratit BU3Ha4anm sik
focTosipHi npu p < 0,05.

Pe3yabTati

CepeqHs Tpuanictb nepebiry Al y nauieHTiB cTaHoBWna
7,04 £ 0,34 poky. Y xiHok 3 Al piBHi i cuctonivHoro (CAT),
1 piactonivHoro (JAT) apTepianbHOrO TUCKY BWLL, HiX Yy
rpyni koHTponto (p < 0,05). Tak, y xiHok 6e3 03HaK cepLie-
BO-CYAVHHWX 3aXBOPIOBaHb CepepHili pieHb CAT cTaHOBVB
121,69 + 0,86 mm pr. cT., JAT — 75,56 + 0,84 mm pT. cT. Y
xBopux Ha Al" nokasHuku CAT ctaHosunm 159,38 + 1,09
MM pT. CT., JAT — 95,27 + 0,57 MM pT. CT. Y xiHOK 3 Al" Hai-
yacTile Bu3HayeHo 1 1a 2 ctyneni Al (puc. 1).

Y nauieHTok 3 A" po3mipy NOPOXXHUH Ta 06’eMu cepusi,
TOBLUMHA CTIHOK NTiBOrO LUnyHo4ka, BTC gocToBipHO BinbLwi,
HiX Y XiHOK De3 03HaK CepLeBO-CyANHHUX 3aXBOPHOBaHb.
CepegHi 3HaveHHs IMMIILW (He3anexHo Big meTtogy
oBumMcreHHs) Takox BuLi y rpyni xBopux Ha Al i3 TTILL.
[Noka3HuKy dopakLii BUKAY Ta CTYNiHb CKOPOYEHHS PO3MIpY
niBOrO LUMyHO4Ka B cuctony (S%) AOCTOBIPHO HaNGINbLLI B
obcTexeHux, ski 3any4eHi 4o KOHTPOMbHOI rpynu (mabr. 1).

Y pesynsTarti BUBYEHHS PO3MOAINY PidHUX reOMETPUY-
HUX MOAErEN NiBoro LWyHouKa y nauieHtok 3 Al Il cTagii
BUSIBNIEHO, WO BOHW nepesaxHo Manu KITILL (86,61 %,
n = 97), EITILL giarHocToBaHo nnwwe y 15 (13,39 %) xsopux
(x*= 192,00, p = 0,001).

BunukrenHs [ JILU € Haiibinbl paHHbO 03HAKO
1I0ro peMoentoBaHHs i NOPYLLEHHST BHYTPILLHbOCEPLIEBOT
remoguHamiki y xsopux Ha Al BHacnigok hopmyBaHHs
D[ BinbyBaeTbCA reMoavHaMiuHe NepeBaHTaXeHHS! NMiBOro
nepeacepas. Li aaHi nigTBepmxeHo pesynstatamu 4ochi-
[DKEHHS, WO 3aiicHunu. Tak, y nauieHTok 3 Al nokasHuku
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2 nr/mn
80

70
60
50
40
30
20

10

73,84*

57,62*
B [IpaKTU4HO 300POBI
XiHku (n = 80)
Xsopi Ha AT Il cTagii
6e3 41 (n=64)
B XBopi Ha Al Il cTagii

24,18 30l (n = 48)

Puc. 2. MnasmoBa koHuUeHTpaLis MHI y naujieHTok 3 Al i pisHuM cTaHOM AiacToniyHoi dyHKuii
NiBOTO LWAYHOYKa, Nr/MA. *: BiAMIHHOCTI [JOCTOBIPHI NOPIBHSIHO 3 KOHTPONBHOIO rpynoto (p < 0,001);
#: BigMIHHOCTi LOCTOBIPHI NopiBHAHO 3 XxBopuMK Ha AT 6e3 1 NLL (p < 0,001).

3 nr/mn
100

80

90,89*

70,43*
m XBopi Ha Al Il cTaaii
6e3 [ (n = 64)
XBopi Ha AT Il cTagii
30 | cragii (n = 40)

B XBopi Ha Al Il cTaaii
30 Il cragii (n=8)

57,62

Puc. 3. Mna3smoBa koHueHTpavis MHIy nauiesTok 3 AT i A J1LU pisHux cTagiit, nr/mn. *: BigMiHHOCTI
[I0CTOBIPHI NopiBHsAHO 3 naujenTkamu 6e3 A/ ML (p < 0,001); #: BiAMiHHOCTi AOCTOBIPHI NOPIBHAHO
3 obcTexxeHnmn 3 A JILL | cTagii (p < 0,001).

4 nr/mn
72

70
68
66
64
62
60

58

70,43*

B XBopi Ha Al Il cTagii
3KMW (n =97)

XBopi Ha AT |l cTapii
3 EMW (n = 15)

Puc. 4. Mnaamosa koHueHTpauis MHI y nauieHTok 3 AT i pisiumu BapiaHTamu MW, nr/mn.
*: BiIMIHHOCTI JOCTOBIPHI NopiBHsiHO 3 obcTesxeHnmm 3 KITIL (p < 0,001).

312

AiacTonivyHoi QyHKLii cepus AOCTOBIPHO BiApi3HANMCS
Bifl TaKUX Yy rpyni KOHTPOMK: MakcuManbHa LUBWAKICTb
paHHLOrO [iaCTOMNYHOrO HaMOBHEHHS MIBOTO LUITYHOMKA,
nikoBa LUBMAKICTb PYXY MITParbHOro kinbLs, E/A focToBipHO
HUXYI, @ MaKcMMarbHa LBUAKICTb Ni3HbOMO AiacToMiYHOro
HamoBHeHHs nieoro wnyHouka (A), E/e’, po3mip nisoro
nepencepas, iHoekc o6’emy nisoro nepeacepas (I0J1M) —
BULLi (Mabri. 2).
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Xouya HaBefeHi NOKa3sHUKM He NepeBuLLyBanu pede-
PEHTHi 3Ha4YeHHs1, BCTAHOBNEHI BigMIHHOCTI (mabr. 2) panu
amory nigteepautv O JILU' y neBHOT YaCTUHW NaLeHTOK 3
AT Y xBopux Ha Al i3 ITILL nepeBaxHO BM3HaYanm Hop-
MarbHWiA TUN TPaHCMITParnbHOrO KPoBoTOKy — 57,14 %
(n=64). Cepen nopyLUEHb YacTilLie BU3HaYanu nopyLUEHHS
penakcauii — 35,72 % sunagkis (n = 40). MNceBaoHopmMarns-
HWIA TN TPAHCMITPaNbHOTO KPOBOTOKY BCTAHOBIEHO Y
7,14 % xBopux (n = 8).

Mnaavoswuit piseHs MHIT y nauientok 3 Al Il cTagii
BULLIMIA, HiX Y XiHOK 6e3 03HaK CepLeBO-CyaUHHIX 3axBo-
ptoBaHb (64,57 + 1,71 nr/mn npotu 24,18 + 1,24 nr/mn
BignosigHo, p < 0,05).

Ockinbku popmysanHs [ JILL € ogHi€eto 3 OCHOBHYMX
nepeaymoB 0 PO3BUTKY MaHIpeCTHOT XPOHIYHOI cepLeBoi
HepoctatHocTi (XCH) y mainbyTHeoMY, BUPILLIEHO AOCTIANTY
nnasmoBi pieHi MHI y nauieHTok 3 Al i pi3HUM cTaHOM
AiacTonivHoi doyHKLUT cepus (puc. 2).

Hawnsuwwi pisri MHI y nna3mi kpoBi 3agikcoBaHo y
nauieHTok 3 Al i . Hagani BcTaHOBUMK, WO HaMBULL
nna3smogi piBHi MHI 3acbikcoBaHo y navjieHTok i3 Il ctapieto
00 N nopiBHAHO 3 0BCTEXEHUMM 3 HOPMaIbHUM TUMOM
TPaHCMITParbHOro KPOBOTOKY Ta MOPYLLEHHAM penakcavii
nisoro wryHouka (O JLU | crapii). MMosipHo, HasiBHICTL
00 N (onHoro 3 paHHix NposiBiB peMofeNtoBaHHs MiBoro
LUIyHOYKa NpU PO3BUTKY MNEPTEH3NBHOIO CepLs) Bigirpae
MEeBHY POfb Yy NiABULLEHHI Nna3moBoi KoHueHTpauii MHI1
y xBopux Ha Al i3 [TILW (puc. 3).

3 ornsagy Ha OTpUMaHi pesynbsTaTi AOAATKOBO BUBYMIN
3MiHu piBHa MHITy nnaami kposi navienTok 3 Al i pisHuMy
BapiaHTamu TILL (puc. 4).

[JocToBipHo BULLi koHUeHTpauii MHIT y nna3mi kposi
BCTaHoBMeHo y nauieHTie 3 EMMILL. Ha nigcrasi umx gaHux
OiLLNN BUCHOBKY, LLO 3MiHK nnaamoBoro pisHg MHI y
xBopux Ha Al' € He nuwle Hacnigkom 3BiNbLUEeHHs Macu
Miokapaa iBoro LyHoYKa i NOpYLUEHHs doyHKLii, ane i
3yMOBIEHi NPOLIECamm MOro PEMOLENOBAHHS.

HuHi rpaHnynmin piseHb MHI >35 nr/mn BU3Ha4YeHo
K Takwi, WO NiSTBEPAXYE BUCOKY VMOBIPHICTb ANCHYHK-
uii nisoro wnyHouka Ta XCH [17]. Taki aaHi HaBeaeHo B
pekomeHzauisx BceykpaiHcbkoi acouialii kapgionoris
Ykpainu, BceykpaiHcbkoi acouiauii haxiBuiB i3 cepLesoi
HEOCTaTHOCTI, €BPONENCHKOro TOBApUCTBA Kapaionoris
[14,18]. Came Leit piBeHb PEKOMEHAYIOTb BUKOPUCTOBYBA-
TV NS OiarHOCTWKW CepLeBOl HeOCTaTHOCTI, 30KpemMa Ha
LOKNIHIYHUX, paHHiX cTagisx.

3a faHVMKM HaLWOro JOCHIMKEHHS, TPAHNYHUI PiBEHb
MHIM >35,0 nr/mn nokasae HEAOCTaTHLO BUCOKY Creumdiy-
HicTb (14,28 %) ons BusiBneHHs nauienTok i3 [ L. Tomy
nig vyac aHanisy ROC-kpuBMx 0641CHEHO IPaHNYHNI PiBEHD
MHIT, skuit Moxxe ByT BUKOPUCTaHWIA 4715 PaHHBOI AjarHoc-
TWKU NOPYLLUEHHS AiacToNiYHOI (OYHKLT NIBOMO LUyHOUKa Y
LMX NauieHToK (puc. 5a). Liel nokasHmK, 3a HaLLmmmn obpaxyH-
kamu, cTaHoBMB 69,9 nr/mn i nepeByiLLYBaB 3aranbHONPUIHS-
Te 3HayeHHs. Takuin piBeHb MHIT fae amory BuokpemuT
nauienTok i3 [T i A0 J1LL 6e3 o4eBMAHMX KRiHIYHUX O3HAK
XCH cepeg ycix xBopux Ha Al” (Mogenb AOCTOBIpHa, NnoLLa
nig kpusoto AUC = 0,754, 95 % [l = 0,66-0,83, p < 0,001;
yyTnmBicTb — 60,42 %, cneumdivnicTb — 79,69 %).

PiseHb MHI nigsuwyetsesa npu Al ocobnumeo y navi-
€HTIB 3i 30iNbLUIEHO MacoK Miokapaa NiBoro LUyHo4Ka.
3a JaHMMK HALLOTO AOCHIMKEHHS, BiH TakoX OyB BULMM Y
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OpwuriHaAbHI AOCAIAXKEHHS

Tabauus 1. CTpyKTYpHO-(DYHKLIOHANbHI NapameTpy MiBOro LLNyHOUYKa B 0OCTEXEHNX XIHOK NOCTMEHOMAy3anbHOro Biky, M £ m

o, oamnsismvipsamn | Kowrponsa rpyna.n =80 | Mauionrins AT heraaiin=112 [p |

KiHueBo-AiacToni4yHmMi poamip, cm 4,41+0,03
KiHLieBO-CUCTOMIYHNIA PO3MIP, CM 2,86 £0,03
ToBLUMHA 3aAHBOT CTiHKM NIBOTO LLIMYHOYKA, CM 0,92 +£0,01
TOBLUMHA MiXLLITYHOYKOBOI NEPETUHKN, CM 0,92 +0,01
BTC, ym. og. 0,420 + 0,002
iMMINLL, r/m? 83,92+154
IMMILL, r/m2? 39,95+0,76
KO, mn/m? 48,99 +0,82
iKCO, mn/m? 17,43 +0,43
®pakuis Bukuay, % 64,03 + 0,85
S, % 35,01 £0,66

4,86 £0,03
3,28+0,03
1,14+0,01
1,16 £0,01
0,470 £ 0,003
132,94 + 2,40
66,91+1,11
59,02+ 0,91
23,27+ 0,47
60,41 + 0,60
32,50 £ 0,44

p,,<0,0001
p,,<0,0001
p,,<0,005
p,, < 0,005
p,,<0,0001
p,,<0,005
p,,<0,005
p,,<0,0001
p,,<0,0001
p,,=0,0004
p,,=0,0012

Tabauus 2. MapameTpu giactoniyHoi (yHKLIT cepust B 06CTEXEHUX XKIHOK MOCTMEHONay3anbHoro Biky, M £ m

Moka3HuK, 0AUHMLI BUMipIOBaHHSA KonTponbHa rpyna, n = 80 MauienTkm 3 AT |l cTagii, n = 112 _

E, mic 0,75+0,01 0,69+ 0,01 p,,=0,000271
A, mlc 0,56 0,01 0,65+ 0,01 p,,<0,0001
E/A, ym. op. 1,35+0,02 1,07+0,03 p,,<0,0001
e, mlc 0,157 + 0,001 0,073 0,002 p,,< 0,005
Ele’ 4,79+0,08 9,92+0,28 p,,< 0,005
Jlise nepeacepas, cm 3,28+ 0,04 3,54 0,05 p,.,=0,000005
iOnn, mn/m? 27,92 £0,36 30,11+ 0,29 p,, = 0,000005
5a 56
MHTM, nr/mn MHTM, nr/vmn
100 100
8 [ 8 [
S B S B
5 60 . 60
S N 5 -
o o o o
2 r 2 r
g 40 | g 40 |
J L T L
20 L 20 [
- AUC =0,754 - AUC = 0,757
i p < 0,001 i p =0,001
O H v T 0 T A AU RS NS
0 20 40 60 80 100 0 20 40 60 80 100

CneuundbivnicTb, %

CneupndpivnicTs, %

Puc 5. ROC-kpuBi Ans BU3Ha4eHHs rpaHnyHoro pisHst MHI y nnasmi kposi Ans aiarHocTvkw: 5a — [ JILL Ha doki AT; 56 — ETTILL Ha dhowi AT.

naujenTok 3 EMILL. Ha nigctasi ROC-aHanisy goaarkoso

BW3HAYEHO rpaHuyHnii piseHb MHI, skuii moxe 6yTu

BUKOPUCTaHWIA ANS CKPUHIHIOBOI AiarHOCTUKM LibOro TUMy
MW (puc. 56). 3a Hawmmn obpaxyHKamu, BiH CTAHOBUTb
72,9 nr/mn i TakoX NepeBULLYE BiOMWIA HOPMATUBHUIA
nokasHuk (35,0 mr/mn). Lieit piBeHb Aae 3Mory BMOKpeMu-

1 nauieHTok 3 ElMTIW cepen ycix
(mopenb focToBipHa, nnowa nig

95 % Al = 0,67-0,83, p = 0,001;

cneumnivricTs — 77,3 %).

Omxe, MHIT € nigTBEpMKEHUM MApPKEPOM HE TinbKu
CcyCTONiYHOI, ane i giactonivHoi agncdyHkuii J1LL, a Takox
pemogerntoBaHHs Ta rinepTpodii NiBoro LWyHouka y navj-

€HTOK 3 Al

3anopisbkuit MEAYHMI XypHaA. Tom 28,

xBopux Ha ATl Il cTagii
kpuoto AUC = 0,757,

06roBopeHHA

HassHictb [TILW y nauieHTok 3 Al € NPOrHOCTUYHO He-
CNpUATAMBKAM (DAKTOPOM PO3BUTKY TSKKOI cepLeBol
HEe[0CTaTHOCTi, acOLETLCSA 3 BUHUKHEHHAM ilIeMii
Miokapaa, MopyLLEHHSMI pUTMy cepus, Tpomb6oemboniy-
HUMU Ta LepebpoBackynapHUMM yCKnagHeHHsaMn [19].
[MporHocTnyHe 3HaueHHs ITILL moxe novacTv 3anexaru Big
reOMETPUYHOI KaTeropii (EKCLEHTPUYHA Y1 KOHLIEHTPUYHA

H 0, .
4yTImBiCTL — 66,7 %, ITLU). FeomeTpis ML BU3HAYAETLCA He NNLLE NepeBaHTa-
KEHHSIM TUCKOM | 06'€MOM, arne 1 MoXe 3anexary Bif Biky,

CTaTi, ETHIYHOMO MOXOMKEHHS Ta CynyTHBOI NaTorOii, SK-0T
LIYKpOBOTO AjabeTy Ta CyANHHWX 3aXBOPHOBAHb.
[oci TpuBalTb AOCMIAXEHHA BNAWBY TWNYy reome-

Tpiil T Ha nepebir Al Y OOChimKeHHi, Wo 3aiicHunm

Ne 4(157), avneHb - cepneHb 2026 p.
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B. M. Guzik et al., BU3Hau4eHo GinbLu HeraTMBHWIA NPOrHOC-
TuaHWiA Bnive KITIW Ha po3BUTOK CepLieBO-CYANHHMX,
LiepebpoBackynsipHUX nogir i cmepTHicTb [20]. Ha gymky
aBTopiB, nonpm 6inbLu HecnpusaTnuei Hacnigku KITILL, ekc-
LIEHTPUYHY 1T (hOPMY TaKOX HE MOXHA BU3HAYaTH CpUaT-
NWBUI BapiaHT. Tak, pUanK panToBOi CMEPTi 3HA4HO BULLINIA
npu EMLL, ocobnvBo y nauieHTiB i3 AMCEYHKLIED HUPOK.
B obcTexenux 3 EMTILL, ski cnoyatky MoxyTb Matut XCH 3i
30epexeHoto hpakLieto BUKMAY, MOXIMBUIA PO3BUTOK CEP-
LIeBOi HeAOCTATHOCTI 3i 3HUKEHO OpaKLi€eto BUKUIY Yepes
MPOrpecvBHy BTPaTy CKOPOTNNBOI (PyHKLii [21].

3rigHo 3 pesynsratamu gocnigkeHHs G. Canciello et
al., BCTaHOBNEHO 0COBNMBOCTI PO3MOAINY Pi3HNX reOMETPIN
MW y naujeHTiB 3 Al, siki npoxwveanu B ITanii, 3anexHo
Bif CTaTi: Y XiHOK nepeBaxHo Bu3Hayanu EITIW [22]. 3a
JaHVM HALLIOro AOCTIMKEHHS 3a y4acTto xiHoK 3 Al i TTILL,
LAY NPOTUNEXHWX BUCHOBKIB: Y navienTok 3 Al' Il ctapii
yacTiwe sussnsnm KITILL, Hix EMTILL (86,61 %, n = 97 npotu
13,39 %, n=15; x>= 192,00, p=0,001). 3ictaBHi pe3ynsratu
OTPVUMaHO B JOCTIMKEHHI, npoBeaeHomy B Kutai [23]. Hase-
AeHi hakTy MOXyTb CBIAYNTW NPO NEBHIi €THIYHI BIAMIHHOCTI
y nepenymoBax po3suTky Ta oopmysaHHs [TILL Ha ¢hoHi AT,
L0 noTpebytoTb NoAAnbLUOrO AOCHIMKEHHS.

Y pesynbTarti BUsHa4YeHHs nnaamosux pisHis MHIT npu
pisHux Tunax LU BctaHoBneHo: y nauieHTok 3 EMTILW wen
MOKa3HVK BULLMIA, Hix B 0bcTexkeHux i3 KITILL (79,12 £ 4,35
nr/mn npotn 62,32 + 1,76, p < 0,001). Taki paHi ganu
nigcTasm nincymyBsarty, WO 3MiHv nnaamosoro pisHs MHIT
y XBOpUX Ha Al NOB'si3aHi He nuLle 3i 36inbLLUeHHSAM Macy
Miokapga niBoro LWnyHouka, ane 1 i3 npouecamu 1oro
pemogentoanHs. Mpu usomy hopmysanHs EIMTILL moxHa
BU3HAYMTM 5K BinblL HEraTUBHMIA NPOTHOCTUYHMIA hakTop
PO3BUTKY MaHi(heCTHOI cepLIeBOT He[OCTaTHOCTI B MainbyT-
HbOMY. HaBepeHi pesynsrati 30iratoTbCs 3 AaHUMU, LU0
oTpuManu nig yac gocnimkeHHs yonosikis 3 Al I cTagii,
xuTeniB ModinbCbkoro perioHy, amke y HUX Takox nepe-
BaxHO Bu3Hayanm KITILW [24].

3 ornsany Ha HaBegeHi AaHi, nig yac ROC-aHanisy
obumcneHo rpaHnyHuiA piseHb MHIT, skuin moxe 6yt BY-
KOpuCTaHWi Ans BUsiBNeHHs navientok is EMMILL. Otpumane
3Ha4eHHs cTaHoBMU1O 72,9 nr/Mn (YyTnmeicTb — 60,42 %,
cneumdgiyHicTb — 79,69 %, nnowwa nia kpueoto AUC = 0,757,
95 % Al = 0,67-0,83, p = 0,001). BukopuctaHHs Lboro
PiBHA AaCTb 3MOry 3[iCHIOBATU CKPUHIHIOBY AiarHOCTUKY
nauieHTok 3 Al Il ctagii fo ExoKI™ abo B pasi HeMOXnmBOCTi
il MpoBeAeHHs.

3rigHO 3 YAHHUMY KEPIBHULITBAMU, PEKOMEHLOBAHWIA
ans piarHoctvkn XCH miHimansHuin piseHb MHIT cTaHo-
BuTb 35,0 nr/mn [14,18], ane He BpaxoBaHO ETIONOTit0
XCH, eTHiYHy HanexHicTb nauieHTiB, iXHi 0cOBNMBOCTI
3a BikoM i cTaTTio. PesynbraTy, Lo 3adikcoBaHo nig Yac
HaLLOro AOCHIMKEHHS!, BIAPI3HAOTLCS Bif, AiarHOCTUYHUX
pieHiB MHT, pekoMeH0BaHVX HaLioOHaNbHUMU Ta MiXHa-
POAHMMM KepIBHULTBAMU. 3a peayrntaTam BOCTIIKEHHS,
rpaHnyHuin piseHb MHI Bu3Hayenun sk 69,90 nr/mn
(4yTnmeicTb — 60,42 %, cneumndivnictb — 79,69 %, nnowa
nig kpusoto AUC = 0,754, 95 % [l = 0,66-0,83, p = 0,04).
Lli paHi cnpuatumyTb onTumisauii paHHbOI AiarHOCTUKK
JokniniyHoi XCH, 3okpema giactonivHoi ancdyHkuii ML,
Lo posBuHynacs Ha ¢oHi rinepteHansHoi ML y xiHok
noctMeHonaysasnbHoro Biky 3 Al Il ctagii, xuTenbsok lo-
AiNbCbKOro perioHy YkpaiHu.
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Y vonosikis 3 Al Il cTagii, xutenis Moginns, piseHb
MHIT Takox nepesuitysas 35,0 nr/Mn, ogHak, Ha BiAMiHY
Bif XiHOK, He BW3HA4YEHO BIpOrigHMX BiAMIHHOCTEN MiX
Mna3mMoBUMU PIBHAMY NENTUAY B OBCTEXEHNX i3 pi3HNM CTa-
HOM JiacToniyHoi dyHKuii cepus. OBUMCTIEHMI rPaHNYHUIA
piBeHb MHIT gns BuokpeMneHHs nauieHTis i3 [ Hxumin
Y YOIOBIKiB MOPIBHSHO 3 XiHkamu — 58,37 nr/mn npotn 69,9
nr/mn [24]. Lli gaHi kopentoroTb i3 pesynsratami OKpemumx
JOCnimKeHb, e TakoX BCTaHOBMEHO BuLi piBHi MHI y
nnasmi B XiHOK [17].

BucHoBKH

1. Mnaamosi piBHi MHIy 3iHOK nocTMeHonay3anbHoro
BiKyY, XuMTenbOoK Moginbcbkoro perioHy Ykpainu, 3 Al i TILL
BuWi npu cpopmysaHHi EMLL i po3suTKy giactonivyHoi
AnceyHKuii. [iarHOCTUYHA LiHHICTb 3aranbHONPUIAHATORO
pieHst MHIT 35,0 nr/mn (6e3 ypaxyBaHHsi ocobnueocTel 3a
CTaTTi0) Mae HeAoCTaTHbO BUCOKY CMELMIHHICTb.

2. 3anponoHoBaHo rpaHnyHi piBHi MHI, 1wo MoxyTb
OyTV BUKOPUCTaHI 41151 AONOMKHOI AiarHOCTUKM JOKMiHIY-
Hux nposiBiB XCH y Takux nauieHTis, a came i3 41 JILL ta
EMML. Lie moxe 3ab6e3neumTi 4OAATKOBUI AiarHOCTUYHMI
noTeHLian Ans CKPUHIHFOBOrO Bifbopy 0Cib Ans exokapaio-
rpadiyHoro 4OOBCTEXEHHS, @ TaKOX B pasi HEMOXIMBOCTI
npoBeaeHHst ExoKT, Ta cnpusitume po3pobneHHio edek-
TUBHUX NiKyBanbHo-peabinitaLliiHux 3axogiB, NOKPaLLEHHIO
MPOrHO3y.

3. Pesynibtatn MoxyTb 6yTW BUKOpUCTaHI Mig Yac fo-
CrimKeHHs nnasmoux pisHiB MHI y nauieHTis 3 Al i ans
BW3HAYEHHS [iarHOCTUYHUX MOKa3HUKIB 3 ypaxyBaHHAM
crari. Lle cnpusaTMe ontumisaii paHHbOI giarHOCTUKK Auc-
(hyHKUji, pemomentoBaHHA Ta rinepTpodii NiBOTO LLMyHOUKa.

MepcnekTUBK NOAAABLLKMX AOCAIMKEHb NependavaoTb
BCTaHOBMEHHS AiarHOCTUYHO 3HauyLLmX piBHiB MHITy navi-
€eHTiB 3 Al pisHuX cTagit; y kombiHaii 3 BisyanisaLiiHumm
MeTofamMn 0OCTEXEHHS Lie CpUSTUME BAOCKOHANEHHH
NEPBUHHOI AiarHOCTUKN CepLEBOl HEAOCTATHOCTI Ta eKc-
MEepTHOTO OLLiHIOBAHHSI.
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The aim of this study was to assess the role of vitamin D in chronic heart failure (CHF) progression and to analyze its association
with mineral metabolism parameters and pro-inflammatory cytokines.

Materials and methods. The study included 219 CHF patients aged 30-89 years: 123 with NYHA class |-l (mean age 60.4 + 1.0)
and 96 with class IlI-IV (mean age 62.9 + 1.0). Serum levels of vitamin D, calcium, phosphorus, magnesium, parathyroid hormone
(PTH), endothelin-1, FGF-23, IL-6, IL-18, TNF-a, and VEGF-A were analyzed.

Results. Vitamin D deficiency worsened progressively with CHF severity. Compared to controls, vitamin D levels were reduced
by 31 % (p <0.001) in NYHA |-l and 2.4-fold (p < 0.001) in NYHA IlI-IV compared with controls. In advanced CHF, calcium and
magnesium decreased by 5.5 % (p < 0.001) and 8.8 % (p < 0.001), respectively, while phosphorus changes were nonsignificant
between NYHA I-Il and lll-IV. PTH, endothelin-1 and FGF-23 rose significantly: in NYHA |-l by 51.5 %, 54.2 %, and 10.8 %
(p <0.001), and in NYHA -V by 62.3 %, 94.5 %, and 17.0 % (p < 0.001). Inflammatory cytokines also increased. IL-6 rose
by 75.0 % (p < 0.001) in NYHA |-l and 2.4-fold (p < 0.001) in NYHA IlI-IV. IL-18 increased by 75.2 % and 95.0 % (p < 0.001),
while TNF-a rose by 46.0 % and 62.0 % (p < 0.001) in respective groups. VEGF-A levels showed the most pronounced change,
increasing 4.2-fold (p < 0.001) in NYHA I-Il and 8.6-fold (p < 0.001) in NYHA IlI-IV. Correlation analysis revealed a strong positive
association between vitamin D and ejection fraction, and negative correlations with FGF-23 and inflammatory cytokines. These
findings suggest that CHF progression appears to involve both metabolic and immunological mechanisms, and that vitamin D
deficiency is associated with aggravation of these processes.

Conclusions. Vitamin D deficiency in CHF worsens with advancing NYHA class and is closely linked to increased levels of FGF-23,
PTH, and pro-inflammatory cytokines. Its positive correlation with ejection fraction highlights vitamin D’s regulatory role beyond bone
metabolism, extending to cardiovascular and immune systems. Correction of vitamin D deficiency may therefore hold therapeutic
potential for patients with reduced ejection fraction.
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Poab BiTamiHy D y nporpecyBaHHi XpOHiuHOi cepuLeBoi HeAOCTaTHOCTI:
B3a€EMO03B’A30K i3 MiHepaAbHUM 06MiHOM i Npo3anaAbHUMM LIUTOKIHAMM

®. Y. AAmammapnoB

Merta po6otu - oujHUTV ponb BiTamiHy D y nporpecyBaHHi XpoHi4HOI cepLieBoi HegocTaTHocTi (XCH) Ta npoaHanisysatu 1oro
3B'A130K i3 NOKa3HWKaMn MiHeparnbHOro 06MiHY Ta PiBHAMM Npo3ananbHUX LUTOKIHIB.

Marepiaau i metoau. [lo focnimkeHHs 3anyyeHo 219 nauienTis i3 XCH Bikom Big 30 go 89 pokis: 123 obcTexerux i3 -1 dyHk-
uioHanbHuM knacom 3a NYHA (cepenHiii Bik — 60,4 + 1,0 poky) Ta 96 oci6 i3 Ill-IV knacom (cepegint Bik — 62,9 + 1,0 poky). Y
CcypoBaTL KpoBi 0BCTEXEHNX BWU3Ha4amu piBHi BiTamiHy D, kanbuito, chocdopy, marHito, napatropmoHy (MTT), eHgoteniHy-1,
FGF-23, IL-6, IL-18, TNF-a Ta VEGF-A.

Pesyabratu. Jediunt BitamiHy D nporpecvBHo nornubnioBascs 3i 30inblueHHaM TspkkocTi XCH. TopiBHAHO 3 KOHTPOMbHO
rpynoto piBeHb BitamiHy D 3Hn3uBcs Ha 31 % (p < 0,001) y naujeHTiB i3 NYHA |-l Ta y 2,4 pa3a (p < 0,001) y xBopux i3 NYHA
I1I-IV. Mpu nporpecysanHi XCH piBHi kanbLito Ta marHito 3Huxysanucs Ha 5,5 % (p < 0,001) ta 8,8 % (p < 0,001) signosigHo,
a 3MiHu hocdopy cratuctuyHo He BigpisHanues y rpynax NYHA I-II ta IlI-IV. Pisni MTT, eHgoTeniny-1 Ta FGF-23 goctosipHo
niguwmnucst: y xeopux i3 NYHA |-l — Ha 51,5 %, 54,2 % Ta 10,8 % (p < 0,001), y nauienTi i3 NYHA llI-IV — Ha 62,3 %, 94,5 %
1a 17,0 % BignosigHo (p < 0,001). PigHi npo3ananbHuX LMTOKIHIB Takox nigsuilyBanucs. IL-6 36inbLumecs Ha 75,0 % (p < 0,001)
y rpyni NYHA -1l Ta'y 2,4 pa3sa (p < 0,001) y rpyni NYHA IlI-IV. IL-18 nigBuwumees Ha 75,2 % Ta 95,0 % (p < 0,001), a TNF-a — Ha
46,0 % 1262,0 % (p < 0,001) y BignosigHux rpynax. Wopao pisHs VEGF-A 3achikcoBaHo HaibinbLL BUpaxeHi 3MiHW — NigBULLEHHS
y 4,2 pa3a (p < 0,001) y nauienTie i3 NYHA |-Il Ta y 8,6 pasa (p < 0,001) y xeopwux i3 NYHA lll-IV. ¥ pesynbrarti kopensuiinHoro
aHanisy BUSIBMNEHO CUIMbHWI MO3UTUBHWI 3B'A30K MiX piBHEM BiTaMiHy D i dpakuiieto BUKkiaY, a Takox HeraTusHi Kopensuii 3 FGF-
23 i nposananbHUMK LMTOKIHaMK. Pe3ynbTtatit JOCHigQXeHHS fany 3Mory BCTaHOBWTH, WO nporpecyBaHHs XCH nos’sizaHe i 3
MeTaboniyH1MK, i 3 iIMyHONOTIYHUMI MexaHiaMamu, a aediuunT BiTamiHy D acouinoBaHWi i3 NOCUNEHHSM LiX NPOLIECIB.

BucHoBku. Jediumt Bitamity D npu XCH nornubnioetbes 3i 3pocTaHHsaM yHkuioHanbHoro knacy NYHA Tta TicHo noB’ssaHuii
i3 nigBuLieHHam pisHiB FGF-23, MTT i npo3ananbHuX LMTOKIHIB. Moro noauTviBHa kopensuia 3 dpakuielo BUKMAY MigTBEpoKYe
perynsaTopHy ponb BitamiHy D He nuwwe B KicTkoBOMY MeTaboniami, ane iy cepLeBo-CyanHHi Ta iMyHHii cucTemax. Kopekuis
fediunTy BiTamiHy D Moxe MaTi TepaneBTUYHWIA NOTEHLian y NawuieHTiB 3i 3HUKEHO PpaKLiet BUKALY.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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OpwuriHaAbHI AOCAIAXKEHHS

Chronic heart failure (CHF) is one of the most significant
challenges in modern medicine [1,2]. Due to the increas-
ing prevalence of its primary causes, such as arterial
hypertension, ischemic heart disease, and type 2 diabetes
mellitus, the number of patients with CHF is expected to
rise. Despite improvements in treatment and preventive
strategies, patients with CHF continue to face a high risk
of mortality, the development of comorbid conditions, and
frequent hospitalizations [3]. Therefore, there is a need for
additional therapeutic approaches to further improve the
prognosis and quality of life in patients with CHF.

Recently, increasing attention has been paid to vitamin
D deficiency in patients with CHF. Vitamin D deficiency is
a widespread global issue, with approximately 40.4 % of
the world population affected [4]. Various metabolites are
used in the diagnosis of vitamin D deficiency. Currently, the
measurement of total 25-hydroxyvitamin D (t25(OH)D) lev-
els is considered the primary method for assessing vitamin
D status [5]. Vitamin D is naturally present in only a limited
number of food products. Therefore, about 90 % of vitamin
D in the human body is synthesized under the influence
of sunlight (ultraviolet B — UVB radiation). Cholecalciferol
(vitamin D,) is mainly found in animal-based products (meat,
fish, eggs, etc.), while ergocalciferol (vitamin D,) is found
in plant-based foods and mushrooms. Under the effect of
UVB rays from sunlight, 7-dehydrocholesterol in the skin is
converted into cholecalciferol [6]. Both vitamin D, and D, are
biologically inactive and must undergo additional enzymatic
processes to be converted into their active forms. In the liver,
both ergocalciferol and cholecalciferol are hydroxylated to
form calcidiol and calcifediol, respectively. These metabo-
lites are the main circulating forms of vitamin D in the blood.
Subsequently, through a 1-alpha-hydroxylation reaction in
the kidneys, they are converted into ercalcitriol and calcitriol.
Among these metabolites, calcitriol is considered the most
biologically active form of vitamin D [1].

Vitamin D levels are regulated by the enzyme 24-hy-
droxylase, which leads to the deactivation of active forms
and their elimination from the body. Vitamin D and its
metabolites are transported in the blood primarily bound
to vitamin D-binding protein (DBP) and albumin, with only
a small fraction circulating in a free form [7]. 1,25(0OH),D
(calcitriol) binds to the vitamin D receptor (VDR), which is
located in the nuclei of most cells in the body. Through this
receptor, vitamin D carries out a range of biological func-
tions, including the regulation of calcium and phosphorus
metabolism, bone metabolism, and the immune system.

Several studies have shown an association between
vitamin D deficiency and cardiovascular diseases, including
heart failure (HF), arterial hypertension, and atrial fibrillation
[1,8]. Adecrease in vitamin D levels leads to the activation
of the renin — angiotensin — aldosterone system, the emer-
gence of inflammatory responses, and endothelial dysfunc-
tion [9]. Despite numerous studies examining 25(OH)D as a
prognostic marker in HF, the results have been contradictory.

The association between vitamin D deficiency and HF
is explained by numerous pathophysiological mechanisms.
Low levels of vitamin D lead to the activation of the renin
— angiotensin — aldosterone system, which results in the
retention of sodium and water in the body [10]. In cases
of vitamin D deficiency, the synthesis of pro-inflammatory
cytokines such as interleukin-8 (IL-8) and tumor necrosis
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factor-alpha (TNF-a), which are inflammatory mediators,
accelerates, thereby causing oxidative stress. Vitamin D
regulates the NF-kB pathway, thereby reducing the synthe-
sis of IL-6, IL-12, interferon-y and TNF-a [11].

During vitamin D deficiency, the decrease in serum
calcium levels impairs the contractile function of the heart,
leading to systolic dysfunction. 1,25(0H),D stimulates
the influx of calcium into cardiomyocytes through calcium
channels, which exerts a positive chronotropic effect [12].
Calcium deficiency leads to secondary hyperparathyroidism
and increased synthesis of parathyroid hormone (PTH).
This, in turn, contributes to myocardial fibrosis, hypertrophy,
and impaired systolic function of the left ventricle [13].

Recent studies have shown that vitamin D plays a
significant role in cardiovascular health, particularly in indi-
viduals with HF. Preclinical studies indicate that calcitriol,
the active form of vitamin D, can inhibit the hypertrophy
and proliferation of cardiomyocytes, which in turn leads
to a reduction in the secretion of natriuretic peptides [14].

Recent studies show that patients with vitamin D de-
ficiency have a higher risk of CHF, and the clinical course
in these patients tends to be more severe. The pleiotropic
effects of vitamin D deficiency have the potential to directly
and indirectly influence the development of HF. Calcitriol
binds to VDRs expressed in cardiac and vascular cells,
particularly in cardiomyocytes and vascular endothelium.
The role of vitamin D in the pathogenesis of CHF, espe-
cially in myocardial fibrosis, has not been fully elucidated.
Furthermore, the variation in vitamin D levels depending on
the clinical severity of CHF and its association with fibrotic
metabolites remain insufficiently studied [1].

Aim
The aim of this study was to assess the role of vitamin
D in chronic heart failure progression and to analyze its

association with mineral metabolism parameters and
pro-inflammatory cytokines.

Materials and methods

In this study, blood samples were analyzed from patients
who attended the Baku City Republic Clinical Centre No. 1
for examination and treatment. In this study, blood samples
from 219 patients aged between 30 and 89 years with CHF
were analyzed. The overall study population comprised 219
patients with CHF and had a mean (median, Q1; Q3) age
of 61.5 years (61.0 years, 54.0; 68.0 years). Of these, 123
patients with NYHA class I-I had a mean (median, Q1-Q3)
age of 60.4 years (60.0 years, 52.0; 67.0 years), whereas 96
patients with NYHA class Ill-IV had a mean (median [Q1;
Q3]) age of 62.9 years (62.0 [57.0; 69.0] years). The control
group consisted of 51 practically healthy individuals with a
mean (median [Q1; Q3]) age of 54.3 years (59.0 [44.0; 68.0]
years). According to echocardiographic findings, EF was
significantly reduced in patients with CHF. Mean (median
[Q1; Q3]) EF values were 39.5 % (40.0 % [33.0; 46.0] %)
in NYHA class -1, 36.8 % (37.5 % [31.5; 41.5] %) in NYHA
class lll-I1V, and 66.9 % (68.0 % [62.0; 71.0] %) in the control
group (p <0.001). Systolic arterial pressure was significantly
higher in both CHF groups compared with the control group
(p<0.001), whereas diastolic arterial pressure did not differ
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Table 1. Parameters of hypertension and cardiac function in patients with CHF

Parameter,units of

measurement

e o o v e o o Jw e o Jo

Age, years 543 59.0 440 68.0 60.4 60.0 52.0 67.0 62.9 62.0 57.0 69.0
plp, = p=0.189 0.127/0.090

SAP, mmHg 116.2 120.0 1100 120.0 135.4 130.0 115.0 150.0 1338 130.0 115.0 150.0
plp, = p<0.001 <0.001/0.800

DAP, mmHg 79.0 80.0 80.0 80.0 81.0 80.0 70.0 90.0 796 80.0 70.0 90.0
plp, = p=0458 0.581/0.680

EF, % 66.9 68.0 62.0 710 395 40.0 330 46.0 36.8 375 315 415
plp, = p<0.001 <0.001/<0.001

SAP: systolic arterial pressure; DAP: diastolic arterial pressure, EF: ejection fraction, M: represents the mean value; Me: the median; Q1: the first quartile (25th percentile); Q3: the third
quartile (75th percentile); p: indicates statistical significance compared with the control group; p1: compared with patients in NYHA class I-I.

significantly among the groups. Patients with impaired renal
function were excluded from the study (Table 1).

Inclusion criteria: patients with a confirmed diagnosis of
CHF who were in a stable clinical condition. Exclusion crite-
ria: patients with acute myocardial infarction, chronic kidney
disease, severe hepatic disease, malignant neoplasms,
autoimmune disorders, active infections, treatment with
vitamin D or calcium preparations within the last two months,
pregnancy or lactation, and severe renal insufficiency.

The study was conducted in accordance with the
principles of the Declaration of Helsinki (2013 revision).
The study protocol (Protocol No. 29) was reviewed and
approved by the Local Ethics Committee of Azerbaijan
Medical University in 2020. All participants signed informed
consent forms prior to enrolment.

The study also included patients with reduced ejection
fraction (HFrEF), indicating impaired myocardial contrac-
tility (EF <40 %). Serum samples from the participants
were analyzed to determine the concentrations of vitamin
D, calcium, phosphorus, magnesium, PTH, endothelin,
FGF-23 (fibroblast growth factor-23), IL-6, IL-18, TNF-q,
and VEGF-A. The concentrations of vitamin D (Bioakti-
va Diagnostic), PTH (Roche Elecsys), endothelin (R&D
Systems Quantikine), FGF-23 (Human FGF-23), IL-6
(Vector Best), IL-18 (Vector Best), TNF-a (Vector Best),
and VEGF-A (R & D Systems Quantikine) were measured
using the enzyme-linked immunosorbent assay (ELISA)
method in the Research Laboratory of the Department of
Biochemistry, Azerbaijan Medical University, using a Stat
Fax 303 microplate reader. Calcium, phosphorus, and
magnesium (Human) concentrations were analyzed using
standard biochemical methods on a Stat Fax 400 analyzer
(Awareness Technology, USA).

The normality of distribution was assessed using the
Shapiro-Wilk test. The Mann—-Whitney U test was applied
for between-group comparisons. The obtained results were
presented using median (Me), Q1 (25th percentile), and Q3
(75th percentile). Statistical calculations were performed us-
ing the SPSS software package, version 26. Differences in
indicators between the groups were considered statistically
significant at the level of p < 0.05. Spearman correlation
analysis was used to evaluate the relationships between
the indicators. Percentage and fold changes reported in
the study were calculated based on median values of the
analyzed parameters.
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Results

Serum creatinine levels did not differ significantly across the
study groups. Glomerular filtration rate (GFR) was modestly
lower in patients with advanced CHF; however, values re-
mained consistent with generally preserved renal function
and the absence of clinically significant renal impairment.
In NYHA functional class I-Il, the serum concentration of
vitamin D was approximately 31.0 % lower compared to the
control group (p <0.001), while in class IlI-1V, this decrease
reached 2.4 fold (p < 0.001). As seen from the results, more
severe vitamin D deficiency was observed in class -1V,
with vitamin D levels being 40.7 % lower (p < 0.001) in this
group compared to class |-Il (Table 2).

In NYHA functional class I-Il, PTH levels increased
by 51.5 % (p < 0.001) and by 62.3 % (p < 0.001) in class
l1I-IV compared with the control group, with a 7.2 % higher
concentration in class IlI-1V (p = 0.099).

A8.5 % decrease in calcium concentration (p <0.001)
was observed in NYHA class IlI-IV patients, while
phosphorus levels increased by 58.6 % (p < 0.001) in
the early stages and by 62.1 % (p < 0.001) in the late
stages. Magnesium concentration was decreased by
9.3 % (p < 0.001) in patients with NYHA class I-Il and
by 16.5 % (p < 0.001) in patients with NYHA class IlI-IV
compared with the control group. Phosphorus increased
significantly compared to controls in both NYHA groups
(p <0.001) but did not differ significantly between NYHA
I-Il'and IlI-IV (p = 0.804), whereas calcium and magne-
sium levels decreased by 5.5 % (p < 0.001) and 8,0 %
(p < 0.001), respectively.

The concentration of IL-6 increased by 75.0 %
(p <0.001) in NYHA class I-Il and by 2.4 times (p < 0.001)
in class llI-IV. IL-18 levels rose by 75.2 % (p < 0.001) and
95.0 % (p <0.001), respectively, while TNF-a levels increased
by 46.0 % (p <0.001) and 62.0 % (p < 0.001), respectively. In
NYHAclass ll-1V, IL-6 levels were 37.1 % higher (p < 0.001),
TNF-a levels were 11.0 % higher (p < 0.001), IL-18 levels
were 11.3 % higher (p = 0.003) compared to class I-II.

FGF-23 levels increased by 10.8 % (p = 0.003) in
NYHA class I-Il and by 17.0 % (p < 0.001) in class IlI-IV
compared with controls, reflecting a mechanism of myocar-
dial remodeling associated with vitamin D deficiency and
phosphate dysregulation.

According to our results, VEGF-Alevels increased 4.2-
foldinNYHAclass |-l (p <0.001) and 8.6-fold in class IlI-IV
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Table 2. Some biochemical parameters in patients with CHF

Parameter, units of

measurement

Creatinine, mg/dl 0.86 0.88 0.76 0.96
p/p, -

GFR, % 97.3 96.0 81.0 112.0
p/p, =

Vitamin D, ng/ml 435 42.0 38.0 48.0
p/p,

PTH, pg/ml 384 37.7 259 50.9
p/p, -

P, mmol/l 1.14 1.16 1.05 1.23
p/p,

Ca, mg/di 9.3 9.4 8.9 9.6
p/p, =

Mg, mmol/l 0.95 0.97 0.90 1.00
p/p, =

IL-6, pg/ml 2.26 2.00 1.60 2.90
p/p, =

IL-18, pg/ml 197.0 210.0 146.9 2435
p/p, =

TNF-a, pg/ml 4.9 5.0 46 53
p/p, =

FGF-23, pg/ml 483 482 39.1 61.2
pp/p, -

VEGF-A, pg/ml 35.3 36.4 28.7 431
p/p, =

Endothelin-1, pg/ml 5.6 59 4.0 6.7
p/p, =

NYHA class I-II NYHA class IlI-IV

0.90 0.92 0.79 1.00 0.89 0.89
p=0.112 0.488/0.376
93.1 92.0 84.0 103.0 90.3 90.0
p=0.181 0.009/0.079
28.6 29.0 21.0 37.0 20.5 17.5
p <0.001 <0.001/<0.001
58.6 571 483 67.2 61.9 61.2
p <0.001 <0.001/0.099
1.89 1.84 1.50 2.31 191 1.88
p <0.001 <0.001/0.804
9.2 9.1 8.4 9.8 8.6 8.6
0.083 <0.001/<0.001
0.87 0.88 0.80 0.93 0.82 0.81
<0.001 <0.001/<0.001
3.59 3.50 3.10 4.10 4.74 4.80
<0.001 <0.001/<0.001
366.9 368.0 295.0 430.0 409.9 409.5
<0.001 <0.001/0.003
73 73 6.5 7.9 8.2 8.1
<0.001 <0.001/<0.001
55.0 53.4 48.9 62.9 58.2 56.4
0.003 <0.001/<0.001
155.2 154.4 124.0 186.5 300.5 3127
<0.001 <0.001/<0.001
9.2 9.1 7.9 10.5 1.8 1.5
<0.001 <0.001/<0.001

0.76

78.0

12.5

50.6

1.62

8.0

0.78

4.00

350.0

471

274.0

9.9

1.01

101.5

28.0

69.4

2.22

9.1

0.86

5.30

485.5

65.9

3474

13.6

v ve Ja o v Jve Ja o v Jue JoJos |

M: represents the mean value; Me: the median; Q1: the first quartile (25th percentile); Q3: the third quartile (75th percentile). p: indicates statistical significance compared with the

control group; p1: compared with patients in NYHA class I-II.

(p<0.001). VEGF-Alevels were 2.2 times higher (p <0.001)
compared to class I-Il. This indicator is explained by the
overexpression of VEGF in response to myocardial hypoxia
and pathological remodeling [15].

Endothelin-1 levels increased by 54.2 % (p < 0.001) in
NYHA class |-l and by 94.5 % (p < 0.001) in class IlI-IV.
In NYHA class IlI-IV, endothelin-1 levels were 26.4 %
(p <0.001) higher than in class I-II.

The study identified statistically significant correlations
between vitamin D deficiency and various biochemical
parameters in patients with CHF. A decrease in vitamin D
levels was accompanied by a compensatory increase in the
hormone FGF-23. FGF-23 primarily regulates phosphate
metabolism and reduces the synthesis of active forms of
vitamin D (p =-0.776, p < 0.001).

Vitamin D has immunomodulatory effects and inhibits
the synthesis of pro-inflammatory cytokines. A strong nega-
tive correlation was found between vitamin D deficiency and
elevated IL-6 levels (p =-0.751, p < 0.001). Additionally, a
decrease in vitamin D levels was associated with increased
IL-18 production (p =-0.760, p < 0.01) (Fig. 1).

TNF-a is associated with fibrosis, cell apoptosis, and
contractile dysfunction in the heart. Vitamin D has a reg-
ulatory effect on these processes (p = -0.724, p < 0.001).
VEGF-Ais involved in the regulation of angiogenesis and
vascular permeability. Its levels increase in hypoxia and
fibrosis, and this process may be associated with vitamin
D status (p =-0.347, p < 0.001).
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The study investigated the correlations between
vitamin D levels and biochemical parameters in patients
with CHF. A positive correlation between FGF-23 and IL-6
(p=10.898, p <0.001) indicates a simultaneous increase in
fibrosis and inflammation. A strong positive correlation was
found between IL-6 and IL-18 (p = 0.954, p < 0.001), as
well as between IL-6 and VEGF-A (p = 0.513, p < 0.001),
suggesting an interdependence between inflammation and
angiogenesis processes. Furthermore, positive correlations
between TNF-a and VEGF-A (p =0.596, p<0.01), and IL-18
and VEGF-A (p=0.512, p < 0.001) confirm the link between
vascular structural changes, fibrosis, and angiogenesis.
The level of Endothelin-1 increases with the clinical class
of CHF, which is inversely proportional to vitamin D levels
(p=-0.515; p < 0.001) [11,16,17].

Vitamin D also plays a role in maintaining calcium
metabolism and the electrophysiological stability of the
myocardium. Additionally, it slows the progression of
HF by inhibiting the renin — angiotensin — aldosterone
system. As vitamin D levels increase, the EF of the
heart improves, indicating enhanced contractile function
(p=0.154, p=0.034).

Anegative correlation was observed between EF and
the levels of IL-6 and TNF-a. This indicates that an increase
in pro-inflammatory cytokines contributes to myocardial cell
apoptosis, reduced contractile function, and the develop-
ment of fibrosis. Thus, as inflammation levels rise, EF de-
creases. In these patients, a significant negative correlation
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Fig. 1. Correlation of vitamin D with IL-6 and IL-18 levels.
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was found between EF and IL-6 (p = -0.156, p = 0.027),
as well as between EF and TNF-a (p =-0.210, p = 0.003).

The negative correlation between EF and FGF-23
(p =-0.169, p = 0.017) indicates that an increase in this
hormone contributes to myocardial hypertrophy and di-
astolic dysfunction, ultimately leading to a decline in EF.
A weak negative correlation was also observed between
EF and VEGF-A (p =-0.185, p = 0.009). Although VEGF-A
stimulates angiogenesis in hypoxic tissues, its compensa-
tory increase under CHF conditions does not significantly
improve overall cardiac function.

Discussion

The results of the conducted study showed that vitamin
D deficiency in patients with CHF worsens in parallel
with the functional stages of the disease. These findings
demonstrate that the effects of vitamin D on cardiovas-
cular health are not limited to bone metabolism but also
influence myocardial structure, cellular signaling pathways,
and immune balance [18,19]. The active form of vitamin
D, 1,25-dihydroxyvitamin D (1,25(0H),D,), regulates
calcium and phosphorus homeostasis through VDR, and
also influences the renin — angiotensin — aldosterone sys-
tem, oxidative stress, and the production of inflammatory
cytokines [20].

In our study, a decrease in calcium concentration was
observed in NYHA functional class IlI-IV, while phosphorus
levels increased in the early stages. In functional class Ill-
IV, phosphorus concentration did not change significantly,
whereas calcium and magnesium levels decreased. These
changes are indicative of the syndrome of hypocalcemia,
hypomagnesemia, and hyperphosphatemia associated
with vitamin D deficiency, and in this context, an increase
in FGF-23 levels is a natural consequence [21]. PTH levels
increased in patients with CHF. The results indicate that
PTH levels are elevated in patients with CHF, particularly
in those with NYHA class llI-IV. Itis well known that vitamin
D, especially its active form 1,25(0H),D,, directly regulates
parathormone secretion. It suppresses PTH gene transcrip-
tion via VDR in parathyroid cells. When there is a deficiency
of vitamin D, PTH levels increase, leading to secondary
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hyperparathyroidism. Vitamin D deficiency causes an im-
balance in the regulation of PTH levels.

FGF-23 is primarily synthesized by osteocytes and
osteoblasts. Its main role is to regulate phosphate ho-
meostasis and vitamin D metabolism. FGF-23 reduces
phosphate reabsorption in the kidneys and inhibits the
synthesis of 1,25(0OH),D,. In CHF, elevated FGF-23 levels
are associated with left ventricular hypertrophy, fibrosis,
and electrophysiological changes in the heart muscle. The
receptor for FGF-23 in the heart can be activated even in
the absence of the klotho cofactor, leading to direct myocar-
dial injury and remodeling [22]. According to the literature,
FGF-23 is directly involved in promoting left ventricular
hypertrophy and fibrosis in the myocardium and may also
activate pro-inflammatory signaling pathways [23]. These
findings are consistent with other studies demonstrating the
association between elevated FGF-23 and adverse cardio-
vascular remodeling in CHF patients [10,21,22].

Inflammatory mechanisms play a key role in the patho-
genesis of CHF. Vitamin D regulates the function of the
monocyte—macrophage system and inhibits the synthesis of
pro-inflammatory cytokines such as IL-6, IL-18, and TNF-a
[16,24]. We revealed that the levels of these cytokines pro-
gressively increased in accordance with the NYHA function-
al classes. IL-6 functions as both a pro-inflammatory and an
anti-inflammatory cytokine. It is synthesized by monocytes,
macrophages, endothelial cells, and T cells, and stimulates
the production of acute-phase proteins as well as the ac-
tivation of hepatocytes. During CHF, IL-6 levels increase,
which can lead to cardiomyocyte apoptosis, progression
of myocardial fibrosis, and left ventricular dysfunction.
Furthermore, IL-6 may contribute to endothelial dysfunction
by accelerating the production of reactive oxygen species
[25,26,27]. These observations are in line with prior studies
linking pro-inflammatory cytokine elevation to myocardial
remodeling and impaired contractility in CHF [26].

IL-18 is a pro-inflammatory cytokine activated by in-
flammasomes and secreted by macrophages. It primarily
stimulates the Th1-type immune response and enhances
the synthesis of interferon-gamma. Elevated levels of
IL-18 are associated with endothelial dysfunction, myocar-
dial injury, and the progression of ventricular hypertrophy.
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Moreover, IL-18 contributes to cardiomyocyte apoptosis and
induces fibrotic changes in the myocardium [28,29]. TNF-a
is a potent pro-inflammatory cytokine, mainly secreted by
monocytes and macrophages. It enhances the inflamma-
tory response by activating the NF-kB signaling pathway
in target cells, stimulates apoptosis, and can lead to tissue
damage. TNF-a exerts a negative inotropic effect on the
myocardium, promotes cardiomyocyte apoptosis, and ac-
celerates left ventricular remodeling. It is also associated
with NO synthesis and endothelial dysfunction [30,31,32].

Thus, these cytokines contribute both to cardiomyo-
cyte apoptosis and to ventricular dilation and contractile
dysfunction. The elevated cytokine levels observed during
CHF indicate that vitamin D deficiency plays a significant
role in the development of immune-inflammatory imbalance
in CHF [33]. This aligns with previous research emphasizing
the interplay between vitamin D deficiency, inflammation,
and adverse cardiac outcomes in CHF patients [11,16,28].

In addition, the elevation of VEGF-A levels is one of
the key findings of our study. VEGF-A is a major regulatory
molecule that stimulates angiogenesis. It promotes en-
dothelial cell proliferation, migration, and the formation of
new capillary vessels. The effect of VEGF-A on the vascular
endothelium is associated with angiogenesis, capillary
leakage, and impaired myocardial perfusion. According to
our results, VEGF-A and endothelin-1 levels increased in
patients with CHF. This indicator is explained by the over-
expression of VEGF in response to myocardial hypoxia and
pathological remodeling [15]. During CHF, the elevation
of VEGF-A levels is considered a response to myocardial
hypoxia. VEGF-A enhances the process of angiogenesis
in an attempt to improve myocardial perfusion. However,
persistently high levels of VEGF-A may lead to pathological
neovascularization and further aggravation of myocardial
dysfunction [34,35,36]. These findings are consistent with
previous reports on the role of angiogenic factors in CHF
progression [15,34].

Endothelin-1 is a potent vasoconstrictor, promotes
endothelial dysfunction, and increases cardiac workload.
In CHF, elevated endothelin-1 levels are associated
with left ventricular hypertrophy, fibrosis, and myocardial
dysfunction. Due to vitamin D deficiency, high levels of
pro-inflammatory cytokines can inhibit endothelin-1 syn-
thesis both directly and indirectly. Vitamin D deficiency also
reduces endothelial NO synthesis, which contributes to
increased ET-1 levels [37,38,39]. These results corroborate
current understanding of the interaction between vitamin
D status, endothelial function, and vascular remodeling in
CHF [37,38].

Recent evidence highlights that vitamin D plays a crucial
role not only in bone metabolism but also in cardiovascular
health, influencing myocardial structure, immune-inflam-
matory balance, and risk reduction in HF [17]. In line with
this, S. R. Desai et al. emphasize that vitamin D deficiency
exacerbates inflammation and diminishes the endogenous
regenerative capacity of the myocardium in patients with
coronary heart disease. These mechanisms may contrib-
ute to adverse cardiac remodeling and the progression of
HF, underscoring the importance of maintaining adequate
vitamin D levels in patients with CHF [16].

Our study identified statistically significant correlations
between vitamin D deficiency and various biochemical pa-
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rameters in patients with CHF. Collectively, these findings
support the notion that vitamin D deficiency contributes to
maladaptive cardiac remodeling, immune-inflammatory
imbalance, and endothelial dysfunction, confirming obser-
vations from contemporary literature [1,19,39]. Therefore,
maintaining sufficient vitamin D status may represent a
potential strategy to mitigate inflammation, preserve myo-
cardial function, and improve cardiovascular outcomes in
CHF patients.

Conclusions

1. In patients with chronic heart failure, vitamin D
deficiency increased in parallel with the worsening of the
disease according to NYHA functional classes. This defi-
ciency was closely associated with disturbances in mineral
metabolism (calcium, phosphorus, magnesium), hormonal
indicators (PTH, FGF-23), and inflammatory markers.

2. Vitamin D levels positively correlated with ejection
fraction and were inversely associated with increased levels
of FGF-23 and pro-inflammatory cytokines (IL-6, TNF-q,
IL-18), highlighting its regulatory role in myocardial function
and its interaction with hormonal and inflammatory pathways.

3. Although the increase in VEGF-A levels with advanc-
ing NYHA functional classes suggests enhanced angiogen-
esis in hypoxic and fibrotic processes, this elevation did not
show a significant impact on cardiac output.

4. The obtained results further emphasize the complex
regulatory role of vitamin D in heart failure, its influence
on electrolyte balance, hormonal and inflammatory mech-
anisms, and its vital importance in maintaining cardiac
function.

5. Elevated endothelin-1 levels in NYHA classes
lI-1V were observed in parallel with vitamin D deficiency,
suggesting its association with disease severity and po-
tential interaction with vitamin D-related pathophysiological
mechanisms.
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Aim. To evaluate retinal microcirculation parameters using optical coherence tomography angiography (OCTA) in patients with
metabolic syndrome (MS) prior to bariatric surgery and to assess their association with markers of metabolic risk.

Materials and methods. This study included 32 patients scheduled for bariatric surgery. Patients were divided into two groups:
MS without type 2 diabetes mellitus (T2DM, n = 18) and MS with T2DM (n = 14). Demographic and clinical data, anthropome-
try, blood pressure, and metabolic laboratory parameters (fasting glucose, insulin, HbA1c, lipid profile) were recorded; insulin
resistance (IR) was estimated using HOMA-IR. All participants underwent macular OCTA (6 x 6 mm scan; RTVue XR Avanti,
Optovue). Vessel density in the superficial vascular plexus (SVP), deep capillary plexus (DCP) and the foveal avascular zone
(FAZ) area was analyzed.

Results. Patients with MS and T2DM demonstrated significantly worse glycemic control and higher IR than those without T2DM
(p £0.002). OCTA revealed reduced vessel density (VD) in both the SVP (41.2 % vs 44.8 %; p = 0.004) and DCP (43.5 %
vs 47.1 %; p = 0.006), and a larger FAZ area (0.39 mm? vs 0.31 mm?; p = 0.008) in the T2DM group. Moderate correlations
were observed between OCTA metrics and metabolic parameters: SVP and DCP VD negatively correlated with HOMA-IR
(p=-0.56 and -0.53) and HbA1c (p =-0.49 and -0.46), whereas FAZ positively correlated with HOMA-IR (p = 0.51) and fasting
glucose (p = 0.44). ROC analysis showed the highest discriminative performance for SVP VD (AUC = 0.82 for HOMA-IR 22.7;
AUC = 0.80 for HbA1c 27.0 %).

Conclusions. In bariatric surgery candidates with MS, concomitant T2DM is associated with retinal microvascular impairment
detectable by OCTA. Retinal parameters correlate with insulin resistance and glycemic control, supporting the potential role of
retinal parameters as biomarkers of systemic microangiopathy. SVP vessel density shows the best screening performance for
identifying high metabolic risk and may assist preoperative stratification.

Keywords:
metabolic
syndrome, insulin
resistance, diabetes
mellitus, retinal
microcirculation,
optical coherence
tomography
angiography,
microvascular
density, foveal
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CKpPUHIHroBMH NOTEHLiaA ONTUYHOI KOrepeHTHOi TomorpadiuHoi aHriorpadii
AR OLIHKM MeTaboniuHOro pusuKy nepep 6apiatpuuHoto xipyprieto

0. A. IcakoBa, K. M. Muanua, M. M. Muauus

Merta po60Ty - OLHNTV NapamMeTpy PETUHANBHOI MIKPOLMPKYNALLT 38 SONOMOrOK ONTUYHOI KOrepeHTHOI ToMorpadii-aHriorpadii
(OKTA) y nauienris i3 metaboniyHum cuHgpomom (MC) nepen bapiaTpuyHoto onepaLlieto Ta BU3HaunTH ix 3B8'a30K i3 Mapkepamu
MeTaboniyHOro PU3MKY.

Marepiaau i MmeToau. [lo gocnimkeHHs 3anyyeHi 32 nauieHTu, SkuM 3annaHoBaHo bapiatpuyHe BTpyyaHHs. MavjieHTiB nogineHo Ha
agi rpynu: MC 6e3 uykposoro giabety (L) — 18 oci6 ta MC i3 L[} — 14 o6cTexenmx. OuiHioBany gemorpadiyHi Ta KniHivHi AaHi,
aHTPOMNOMETPIto, apTepianbHN TUCK | MeTaboniuHi NabopaTopHi NokasHKkK (rnoko3a HaTLwe, iHcyniH, HbA1c, ninigHuii npodins);
iHCYNIHOPE3NCTEHTHICTb BU3HaYany 3a iHaekcom HOMA-IR. Ycim nauieHtam BukoHaHo OKTA makymm (6 x 6 mm; RTVue XR Avanti,
Optovue). AHanisyBanw LWinbHicTb cyauH (vessel density, VD) y noBepxHeBomy (SVP) i rmnbokomy kaninspHomy cnnetenHsix (DCP)
Ta nnoLly doBeanbHOT aBackynspHoi 30Hn (FAZ).

Pe3syaetatu. Mavjentvt 3 MC i L] Manu 3Ha4HO ripLuui rikeMiYHUIA KOHTPONb i BULLLY IHCYMIHOPE3UCTEHTHICTb MOPIBHAHO 3 naLi-
eHTamu 6e3 LU (p < 0,002). 3a nanummn OKTA BusieneHo 3HmxeHHs VD y SVP (41,2 % npotv 44,8 %, p = 0,004) i DCP (43,5 %
npotn 47,1 %, p = 0,006) Ta 36inbluerHs nnowi FAZ (0,39 mm? npotun 0,31 mm2, p = 0,008) y rpyni obcTexerux i3 L. BcraHoBneHo
noMipHi Ta cunbHi kopensuii Mx napametpamv OKTA i metaboniuHumn nokasHukamu: VD y SVP i DCP HeraTuBHO kopentoBana 3
HOMA-IR (p=-0,56i-0,53) Ta HbA1c (p = -0,49i-0,46), a nnowa FAZ nosutneHo kopentoBana 3 HOMA-IR (p = 0,51) i rmtoko3oio
HaTwwe (p = 0,44). Y pesynsrati ROC-aHaniay BU3HaYeHO Halkpally anckpumiHatueHy 3aatHicTb ang VD y SVP (AUC = 0,82 ans
HOMA-IR 22,7; AUC = 0,80 anst HbA1c 27,0 %).

BucHoBku. Y kaHaupatie Ha GapiatpuyHy onepaito 3 MC HasBHICTb cynyTHBOro LI} acouitoeTbCs 3 NOpYLIEHHSM PETUHAMBHOI
MiKpoumMpKynaLii, WwWo BusieneHo 3a gonomoroto OKTA. MapameTpu peTuHanbHOI MiKpOLMPKYNALii KOpentokTb 3 iHCyniHope-
3UCTEHTHICTIO Ta IMIKEMIYHUM KOHTPOMEM, MiATBEPMAXKYIOUM MOTEHLiHY porb NapaMeTpiB CiTKiBKM sik BioMapkepiB CUCTEMHOT
MikpoaHrionarii. VD y SVP mage HalkpalLy 30aTHICTb BUSIBRSTI BUCOKMIA METAOO0NIYHMIA PU3KK | MOXe ByTW KOPUCHOK ANns nepea-
onepaLifiHoi cTpatudikauii.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Metabolic syndrome (MS) and type 2 diabetes mellitus
(T2DM) remain among the leading contributors to cardiovas-
cular morbidity and mortality and confer a high risk of periop-
erative complications in patients with morbid obesity who are
planning bariatric surgery [1,2]. In the setting of insulin resist-
ance (IR), chronic hyperglycemia, and dyslipidemia, systemic
endothelial dysfunction and microangiopathy develop, which
may be subclinical and are not always reflected by standard
laboratory parameters alone. In this context, the identification
of noninvasive markers capable of capturing the status of
systemic microcirculation and supporting preoperative risk
stratification is of particular relevance.

The retina represents a unique “window” into the
microvasculature owing to the possibility of direct in vivo
visualization of the capillary network. Optical coherence
tomography angiography (OCTA) enables quantitative
assessment of retinal vascular density, providing sensitive
detection of early perfusion abnormalities. Published data
indicate that OCTA metrics can serve as quantitative indi-
cators of capillary dropout and the progression of diabetic
microvascular damage [3,4].

Concurrently, accumulating data suggest that retinal
microvascular alterations may occur before the onset of
clinically manifest retinopathy and even at stages of disor-
dered glucose metabolism that do not meet the diagnostic
criteria for diabetes. In studies focusing on prediabetes
and abnormal glucose metabolism, differences in macular
vessel density (VD) and/or characteristics of the foveal avas-
cular zone (FAZ) compared with healthy controls have been
described [5], supporting the sensitivity of OCTA to early
metabolically induced microvascular disturbances. Data
from patients with diabetes but without clinical retinopathy
further demonstrate that VD in both the superficial vascular
plexus (SVP) and the deep capillary plexus (DCP) may
be reduced, and that metabolic factors can modify these
parameters, underscoring the potential of OCTAas an early
biomarker of microvascular dysfunction [6,7].

Evidence pertaining to obesity and IR is also growing.
Studies assessing retinal microcirculation in individuals with
obesity have demonstrated the presence of microvascular
changes, supporting the systemic nature of microangiopathy
in obesity [8,9]. Moreover, several reports directly link indices
of IR to manifestations of retinal vascular dysfunction, high-
lighting the potential diagnostic value of IR indices (HOMA-IR)
in predicting retinal microvascular impairment [10].

For the bariatric cohort with MS, a key question is wheth-
erretinal OCTA parameters are informative specifically at the
stage of preoperative screening. Some prospective studies
indicate that patients with severe obesity already exhibit signs
of retinal microvascular impairment prior to surgery, and that
improvements in perfusion parameters may occur following
bariatric treatment over time [11,12]. This provides a rationale
for interpreting OCTA not only as an ophthalmic assessment
tool but also as a potential marker of systemic metabolic risk
along the bariatric surgery care pathway.

Aim
To evaluate retinal microcirculation parameters using
OCTAIn patients with metabolic syndrome prior to bariatric

surgery and to assess their association with markers of
metabolic risk.

ISSN 2306-4145  https://zmj.zsmu.edu.ua

Materials and methods

The study included 32 patients who were scheduled for
bariatric surgery and were referred by bariatric surgeons
for preoperative ophthalmologic evaluation due to the pres-
ence of MS and/or T2DM. Patients were divided into two
groups based on the presence of T2DM: Group 1 included
18 patients with MS without T2DM; Group 2 included 14
patients with MS and T2DM.

In Group 1, the median age was 46.0[41.0; 52.0] years
(range 34-59); females accounted for 12 (66.7 %) and
males for 6 (33.3 %). In Group 2, the median age was 52.0
[47.0; 58.0] years (range 39-62); females accounted for 8
(57.1 %) and males for 6 (42.9 %). Intergroup differences
in age (p = 0.08) and sex (p = 0.63) were not statistically
significant.

The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. All participants provided
written informed consent. The protocol was approved by the
local Ethics Committee of Zaporizhzhia State Medical and
Pharmaceutical University, (Protocol No. 7 of 12.05.2026).

Inclusion criteria were age 230 years; confirmed MS
according to IDF criteria [13]; and the ability to obtain
high-quality OCTA scans. Exclusion criteria included con-
comitant ocular diseases that could independently affect
retinal microcirculation; ocular media opacities preventing
acquisition of high-quality scans; high myopia/ ocular globe
anomalies affecting OCTA reliability; and OCTA scans with
pronounced motion artifacts or segmentation errors that
could not be corrected.

Preoperatively, demographic and clinical variables were
recorded, including age, sex, BMI, waist circumference,
blood pressure, as well as comorbid conditions and current
therapy (antihypertensive, hypoglycemic, etc.). Metabolic
status was assessed using standard laboratory parameters:
fasting glucose, fasting insulin, HbA1c, and lipid profile (tri-
glycerides, HDL). The HOMA-IR index was calculated using
the formula: HOMA-IR = (fasting insulin [plU/mL] x fasting
glucose [mmol/L]) / 22.5.

All patients underwent a standard ophthalmologic
examination and OCTA using the RTVue XR OCT Avanti
device (Optovue, Inc., Fremont, CA) with a 6 x 6 mm scan
protocol in the macular area. Automated segmentation
with manual verification of layer boundaries was applied
for analysis; scans with significant motion artifacts, decor-
relation noise, or incorrect segmentation were excluded.
The following OCTA parameters were evaluated: VD in
the SVP and DCP, and FAZ area. Additional image quality
indices were used as scan acceptability criteria. Analysis
was performed for one eye per patient to avoid statistical
dependence of data. If both eyes met quality criteria, the
eye with higher scan quality was included.

Statistical analysis was performed using Statistica 10.
Quantitative variables were expressed as median [IQR], and
categorical variables as n (%). Between-group comparisons
were conducted using nonparametric tests (Mann-Whitney
U) for quantitative variables. Correlations between OCTA
parameters and metabolic variables were analyzed using
Spearman’s method (Spearman’s p). Effect size measures
(r for Mann-Whitney or p for correlations) were additionally
reported to allow more accurate interpretation of results in
small samples. The screening performance of OCTA pa-
rameters for identifying patients at high metabolic risk was
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evaluated using ROC analysis, with calculation of AUC and
95 % confidence intervals, determination of optimal cutoff
values based on the Youden index, and corresponding
sensitivity and specificity. Two-sided p values <0.05 were
considered statistically significant.

Results

Patients with MS and concomitant T2DM (Group 2) demon-
strated a markedly worse glycemic profile compared with
patients without T2DM (Group 1). Fasting glucose levels in
Group 2 were significantly higher, reaching 8.9 [7.6; 10.4]
mmol/L, whereas in Group 1 they were 5.6 [5.2; 6.1] mmol/L
(p < 0.001, r = 0.68). Similarly, HbA1c was elevated in
Group 2-7.8[7.1; 8.6] % versus 5.9 [5.6; 6.2] % in Group
1(p<0.001,r=0.72), reflecting chronically poorer glycemic
control in patients with T2DM. The HOMA-IR index was also
significantly higher in Group 2 - 5.1 [4.3; 6.2] compared with
2.9[2.3;3.6]in Group 1 (p=0.002, r=0.61), indicating more
pronounced IR in patients with T2DM.

Regarding anthropometric parameters, BMI tended to
be higher in Group 2 — 41.8 [38.5; 45.2] kg/m? versus 39.6
[36.9; 42.7] kg/m? in Group 1; however, this difference did
not reach statistical significance (p =0.11, r=0.29). Asimilar
trend was observed for waist circumference, which was 122
[116; 130] cm in Group 2 and 118 [110; 124] cm in Group
1(p=0.14,r=0.26).

In Group 2, a statistically significant reduction in VD was
observed in both the SVP and DCP compared to Group 1
(Fig. 1). VD SVP was lower in Group 2 (41.2 % [39.6; 43.1])
than in Group 1 (44.8 % [42.9;46.3]; p = 0.004, r = 0.51).
VD DCP was also significantly reduced in Group 2 (43.5 %
[41.7; 45.2]) compared with Group 1 (47.1 % [45.3; 48.9];
p =0.006, r = 0.48).

The FAZ area was larger in patients with T2DM (0.39
[0.35; 0.43] mm?) compared with the non-T2DM group (0.31
[0.28; 0.36] mm? p = 0.008, r = 0.46).

To assess the relationship between retinal microcir-
culation parameters and systemic metabolic indices, a
correlation analysis was performed (Table 1).

Moderate correlations were identified between retinal
microcirculation parameters and markers of metabolic
control.

VD SVP was negatively correlated with HOMA-IR
(p =0.002) and HbA1c levels (p = 0.006). Similar associa-
tions were observed for DCP (p < 0.05). FAZ area showed
a positive correlation with HOMA-IR (p = 0.004) and fasting
glucose levels (p = 0.01). Waist circumference and triglyc-
eride levels demonstrated weak but statistically significant
correlations with reduced VD SVP (p < 0.05).

Given the strongest and statistically significant corre-
lations between OCTA parameters and indices of IR and
glycemic control, HOMA-IR (22.7) and HbA1c (27.0 %) were
selected as key integral markers of metabolic risk for further
evaluation of screening performance (Fig. 2).

VD SVP demonstrated the highest discriminative perfor-
mance among the analyzed OCTA parameters, with an area
under the ROC curve (AUC) of 0.82 (95 % CI: 0.67-0.93;
p = 0.001). The optimal cutoff value, determined using the
Youden index, was SVP < 42.5 %, providing a sensitivity of
78 % and a specificity of 80 % for identifying patients with
high HOMA-IR.
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Fig. 1. Comparison of retinal plexus vessel density between patient groups.
Statistical significance was defined as p < 0.01.

Table 1. Associations of OCTA-derived retinal microcirculation parameters with

markers of metabolic control in the study cohort (n = 32)

OCTA parameter Metabolic parameter

Vessel density SVP, % HOMA-IR -0.56 0.002*
Vessel density SVP, % HbA1c, % -0.49 0.006**
Vessel density SVP, % Fasting glucose, mmol/L -0.41 0.02*
Vessel density SVP, % Waist circumference, cm -0.35 0.04*
Vessel density SVP, % Triglycerides, mmol/L -0.38 0.03*
Vessel density DCP, % HOMA-IR -0.53 0.003*
Vessel density DCP, % HbA1c, % -0.46 0.01**
Vessel density DCP, % Fasting glucose, mmol/L -0.39 0.03*
Vessel density DCP, % Waist circumference, cm -0.28 0.12
Vessel density DCP, % Triglycerides, mmol/L -0.30 0.09
FAZ area, mm? HOMA-IR 0.51 0.004**
FAZ area, mm? HbA1c, % 0.40 0.02*
FAZ area, mm? Fasting glucose, mmol/L 0.44 0.01*
FAZ area, mm? Waist circumference, cm 0.27 0.13
FAZ area, mm? Triglycerides, mmol/L 0.29 0.10

Statistical significance was defined as p <0.05 (*) and p < 0.01 (**).

The FAZ area also showed significant predictive ability
for IR, with an AUC of 0.79 (95 % Cl: 0.63-0.91; p = 0.003).
A FAZ threshold > 0.36 mm? corresponded to a sensitivity
of 74 % and a specificity of 77 %.

For VD DCP, discriminative performance was moderate,
with an AUC of 0.75 (95 % CI: 0.58-0.89; p = 0.01). The
optimal cutoff of DCP < 45.0 % yielded a sensitivity of 70 %
and a specificity of 73 %.

In addition, the ability of OCTA parameters to predict
poor glycemic control (HbA1c) was evaluated. Similarly,
SVP showed the highest prognostic value (AUC = 0.80;
95 % CI: 0.64-0.92; p = 0.002), whereas FAZ and DCP
demonstrated moderate discriminative ability (AUC = 0.77
and 0.73, respectively; both p < 0.05).

Discussion

In our study of patients with MS preparing for bariatric
surgery, the presence of concomitant T2DM was shown
to be associated with more pronounced retinal microcircu-
latory dysfunction, manifested by reduced VD in the SVP
and DCP and enlargement of the FAZ area. Importantly,
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these changes were detected at the stage of preoperative
screening, suggesting that they may reflect a subclinical
microvascular phenotype potentially relevant for systemic
risk stratification. It should be emphasized that MS and
morbid obesity represent multifactorial conditions. Retinal
microvascular alterations observed in our cohort may reflect
the combined influence of hyperglycemia, IR, arterial hy-
pertension, dyslipidemia, and other systemic factors. Given
the cross-sectional design of the study, causal relationships
cannot be established, and OCTA changes should be inter-
preted as associative markers rather than specific effects
of obesity or MS per se.

The observed intergroup differences in OCTA param-
eters are consistent with existing evidence indicating that
early microvascular alterations can be detected by OCTAIn
patients with T2DM even in the absence of clinically appar-
ent diabetic retinopathy (DR). In particular, studies in large
cohorts of patients with T1DM or T2DM without signs of DR
have reported reduced VD in the SVP and DCP compared
with controls, while FAZ characteristics may vary depending
on diabetes duration and type [14]. Moreover, microvascular
perfusion deficits in T2DM without retinopathy have been
shown to localize to the parafoveal region, with several re-
ports highlighting the particular vulnerability of the DCP [15].
These observations are pathophysiologically concordant
with our finding of reduced VD DCP in the T2DM group.

Akey result of our study is the identification of moder-
ate to strong correlations between retinal microcirculation
parameters and markers of metabolic control. Negative
associations of VD in the SVP and DCP with HOMA-IR and
HbA1c, as well as positive correlations between FAZ area
and HOMA-IR and fasting glycemia, support the concept
of the “retina as a biomarker of systemic microangiopathy.”
Notably, similar associations between OCTA metrics and
insulin-related indices have been reported by E. Y. Choi et
al., who demonstrated correlations between FAZ parame-
ters and perfusion/microcirculation indices with IR markers
in patients with T2DM without retinopathy using 6 x 6 mm
scans [16]. Taken together, these data reinforce the notion
that metabolic dysfunction, particularly IR and glycemic con-
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trol, may be a key driver of retinal microvascular remodeling
in candidates for bariatric surgery.

Our findings are also in line with studies evaluating
OCTA in patients with severe obesity. Specifically, Dogan
et al. reported that in patients with obesity (BMI > 35 kg/m?)
scheduled for bariatric surgery, macular VD SVP and DCP
was lower than in normal-weight controls, and negative
correlations with BMI were observed [17]. Collectively,
these results support the hypothesis that obesity and its
associated metabolic disturbances (IR, hyperglycemia)
may establish a baseline microvascular “background” that
becomes evident in OCTA metrics even before the devel-
opment of overt ophthalmic complications.

From a practical perspective, ROC analysis in our study
demonstrated good to moderate discriminative performance
of OCTA parameters, particularly SVP, for identifying pa-
tients with high HOMA-IR and poor glycemic control. This
aligns with contemporary reviews that consider OCTA a
noninvasive tool for detecting early microvascular changes
in diabetes and metabolic conditions, with VD (SVP/DCP)
and FAZ metrics proposed as potential risk biomarkers
[18,19]. In the context of preoperative preparation for bari-
atric surgery, this approach may add value as an objective
component of systemic risk stratification and as a rationale
for more intensive correction of metabolic abnormalities
prior to intervention. However, OCTA parameters cannot
replace established metabolic and cardiovascular risk
assessment tools.

Several limitations should be acknowledged, including
the small sample size and the cross-sectional design, which
preclude causal inferences. In addition, postoperative
changes were not assessed, whereas some studies have
analyzed retinal vascular parameters after bariatric surgery
and demonstrated that certain microvascular characteristics
may change over time or depend on local autoregulatory
mechanisms [11,20,21]. Nevertheless, the focus on preop-
erative assessment represents a strength of our study, as
it closely reflects a real-world clinical screening scenario.
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Conclusions

1. Patients with MS and T2DM have a significantly
worse metabolic profile, as evidenced by higher fasting
glucose levels (8.9 mmol/L vs 5.6 mmol/L; p < 0.001),
HbA1c (7.8 % vs 5.9 %; p < 0.001), and HOMA-IR (5.1
vs 2.9; p = 0.002) compared with patients without T2DM.

2. The presence of T2DM is associated with pro-
nounced retinal microcirculatory dysfunction, including
reduced VD in the SVP (41.2 % vs 44.8 %; p = 0.004) and
DCP (43.5% vs 47.1 %; p = 0.006), as well as enlargement
of the FAZ area (0.39 mm? vs 0.31 mm?; p = 0.008).

3. OCTA parameters are closely associated with in-
sulin resistance and glycemic control: VD SVP and DCP
negatively correlate with HOMA-IR (p = -0.56 and -0.53;
p<0.003)and HbA1c (p =-0.49 and -0.46; p<0.01), where-
as FAZ area positively correlates with HOMA-IR (p = 0.51;
p = 0.004) and fasting glucose (p = 0.44; p = 0.01).

4. VD SVP demonstrates the highest screening per-
formance for identifying high metabolic risk, with an AUC
0f 0.82 (95 % CI: 0.67-0.93; p = 0.001) for HOMA-IR 22.7
and an AUC of 0.80 (95 % CI: 0.64-0.92; p = 0.002) for
HbA1c 27.0 %.

Prospects for further research. Future prospective
studies with larger sample sizes are warranted, incor-
porating standardized control of potential confounders
(blood pressure, lipid levels, diabetes duration, therapy)
and long-term postoperative follow-up to determine
whether OCTA parameters reflect the prognosis of
metabolic response to bariatric surgery and/or the risk
of systemic complications.
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OnTumi3awia AlarHOCTUYHO-AIKyBaAbHOI TAKTUKW NEPBUHHOIO
Meraypetepa y Aireu

0. B. Cnaxi®*-F, 0. 1. Maxonbuyk®BCEF 0, A. KokopKiH®BECEF

3anopi3bkuni AepxaBHUIA MeAUKO-GapMaLEBTUUHUIA YHIBepCUTET, YKpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnipeTauis AaHux; D - HanucaHHs ctaTTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

BpomkeHi Baay po3BUTKy CEHOBMBIAHWX LUNAXIB 3aNMLLIAKOTLCS aKTyarbHO Npobnemoto B AnTaYii Xipyprii Ta yponorii. MutaHHs
LLIOA0 TaKTUKM JjiarHOCTUKM Ta NiKyBaHHS NaLieHTIB Pi3HOrO BiKy 3 NEPBYHHAM MEraypeTepoM 3arnmiLaeTbCst AUCKYCINHUM.

Merta poboTn - aHani3 peaynkrartis 4iarHOCTVK/ Ta NiKyBaHHS NEPBUHHOTO MeraypeTepa Y AiTeli PisHOro Biky.

Marepianu i meToau. 3aiicHunu aHanis 81 aitei i3 nepBUHHUM MeraypetepoM. Bik navieHTiB ctaHoBwB Big 1 micaus ao 15 pokis.
Ycix giten noginunu Ha asi rpynu: | rpyna — 45 (55,5 %) nauieHTi, Skum BUKOHaHO eHA0CKoNivHe BTPyYaHHs, |l rpyna — 36 (44,5 %)
XBOPWX, KOTPVM 3LiNCHWNM PO3BaHTaXYBarbHY YPETEPOKYTaHEOCTOMItO.

Pesynbratu. [lit1 Bikom 40 3 poKiB 4OCTOBIPHO NepeBaxkanu cepes, iHwmx BikoBux rpyn: B | rpyni — 57,7 % npotn 42,3 %, y Il rpyni
- 61,1 % npotn 38,9 % (p < 0,05). Mpu 06CTPYKTMBHOMY BapiaHTi NepBIHHOTO MeraypeTtepa B | rpyni NO3UTUBHY AMHAMIKY 3MiH
pO3MipiB Ce4oBOro TpakTy 3adiikcoBaHo B 78,9 % Bunagkis, y Il rpyni Taki amiHn BusBneHo y 61,5 % nponikoBaHux giten, a npu
pecbntokcytodoMy BapiaHTi natonorii ii BuHaveHo y 41,2 % nauiexTis i3 | rpynu Ta 29,4 % Bunagkis i3 Il rpynu. Lii gaHi npsmo
KOpentoBanu 3 BUCOKUM CTYMEHeM Aucnnaaii CTiHKW CevoBogy, 3 iHLWOoro 60Ky, eHaockoniyHa nnactuka hopMye 3ammuKkarnbHWn
MeXaHiam, K1 BOLHOYAC 3MEHLLYeE ypoauHamiky. Lie noyactv mMoxHa nosCHUTY BUKOPUCTaHHAM MiHiiHBa3MBHIX METOAIB KOpeKLii
Baau Ha POHi paHHLOrO BiKY NaLieHTIB.

BucHoBKW. BusHaueHo npsmy Kopensuilo guHamiku gunatauii BepxHix CEeYOBUX LUMSIXIB 3 BUKOPUCTAHHAM E€HAOCKOMIYHOMO
meTofy BTpydaHHs. OBpaHa eHgockoniyHa TakTVka nikyBaHHs Bagu 3ymoBuna B 78,9 % Bunaakax npu o6CTPYKTMBHOMY Ta B
41,2 % npu pecnioKCy04OMY MeraypeTepi NoKpaLLeHHs ypoanHaMiku, 36inbLUeHHs napeHXiMaTo3HOoro LWwapy HUpKK. JlikyBaHHS
npy NepBUHHOMY MeraypeTepi y AiTein nepenbayae pisHi BapiaHTW iHAMBIAYaNbHOI XipyprivyHOi TaKTWKK, O 3anNexuTb Big Tvny
Baau, CTyneHs gunaravii BEpXHiX Ce40BMX LNAXIB, BPaxOBYKOUW AaHi NpeHaTanbHOoro nepiofy Ta HasiBHICTb iH(eKLi ce4oBOro
TpakTy. PaHHs giarHoCTWKa Ta pauioHanbHa Tepanisi Cpusiiiv 3MEHLLEHHIO KinNbKOCTi yCKNaaHeHb npyu NikyBaHHi NepPBUHHOTO
meraypetepa y aiten.

KAtouoBi cnoBa:
meraypertep,
AiarHocTuKa,
NiKyBaHHS, AITH.

3anopisbkui
MeAUYHUI XXypHaA.
2026. T. 28, Ne 4(157).
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Optimization of diagnostic and therapeutic tactics for primary megaureter
in children

0. V. Spakhi, 0. P. Pakholchuk, 0. D. Kokorkin

Congenital malformations of the urinary tract remain a relevant problem in pediatric surgery and urology. The optimal approach
to diagnosis and treatment of patients of different ages with primary megaureter remains debated.

Aim. To analyze and compare the outcomes of endoscopic intervention and cutaneous ureterostomy in the diagnosis and treatment
of primary megaureter in children of different ages.

Materials and methods. A total of 81 children aged 1 month to 15 years with primary megaureter were included. All children were
allocated to two groups: Group | (n = 45, 55.5 %) underwent endoscopic intervention, and Group Il (n = 36, 44.5 %) underwent
decompressive ureterocutaneostomy.

Results. Children under 3 years of age significantly predominated in both groups: 57.7 % of Group | patients were aged <3 years
vs. 42.3 % aged 23 years; in Group Il, 61.1 % vs. 38.9 % (p < 0.05). In the obstructive variant of primary megaureter, positive
upper urinary tract dynamics were recorded in 78.9 % of Group | cases compared to 61.5 % in Group Il. In the reflux variant,
improvement was observed in 41.2 % of Group | patients versus 29.4 % of Group II. Lower response rates in both treatment
groups were associated with a greater degree of ureteral wall dysplasia, whereas endoscopic reconstructive surgery may create a
valve-like mechanism that can concurrently impair urodynamics. We attribute this limitation partly to the use of minimally invasive
corrective techniques in very young patients.

Conclusions. Endoscopic intervention was associated with significantly greater improvement in upper urinary tract dilatation com-
pared to cutaneous ureterostomy, achieving positive outcomes in 78.9 % of obstructive and 41.2 % of reflux primary megaureter
cases. Treatment of primary megaureter in children requires an individualized surgical strategy based on defect type, degree of
upper urinary tract dilatation, prenatal history, and urinary tract infection status.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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BpomxeHi Bagn po3BMTKY CEYOBMBIOHWX LUMSXIB 3anuLLla-
10TbCS aKTyarbHOK NPOBIeMOIo B CyyacHil auTsdin xipyprii
Ta ypororii. Cepen BPOMKEHNX aHOManii Ce40BOro TpakTy
BPOIKEHWI MeraypeTep € OfHIEt0 3 HANMOLLMPEHILLWX naTo-
niorifn i craHoBuTb 20—40 % ycix Takmx aHomanin [1,2,3]. 3rigHo
3 MbKHapOZHOLO KracudikaLieto, po3pisHstoTb TPU rpynn Me-
raypeTepis: pedprtokcytodi, 0BCTPYKTUBHI Ta HepedmtoKCytoui
HEeOBCTPYKTUBHI. Y Mexax KOXHOI 3 LWX Tpyn PO3pIisHSTh
NEPBUHHI Ta BTOPUHHI BapiaHTL naronorii [2,4,5,6,7].

Hepinko meraypeTep CynpoBOmKY€ETLCS IHIDEKLINHUMM
yCKNagHeHHsaMM, siki Ha OHi ancnnasii HUPKOBOT TKAHWHM,
LLI0 JOBOIi YaCTO acoLjiioBaHa 3 Liieto Bafoto, NPU3BOASTL
[0 PO3BUTKY XPOHIYHOI XBOpobu Hupok [5,8,9,10,11,12].
Lls HosonoriyHa chopma MOXe NOESHYBATUCS 3 iHLLMMM
aHomanisiMM CevyocTaTeBOi CUCTEMU: NOABOEHHSIM, AUC-
TOMi€H0, annasietd HAPOK, BPOIKEHO MiapOHEPOTUUHOK
TpaHcdopMmaLlieto, MynbTUKICTO3HOK Aucnasielo, Bpo-
[PKEHOI0 NaTonorieto BariHanbHOro BigpoCTka 04epEBHHM,
HeomnyLLeHHaM sieuka [1,4,8,13,14,15,16,17].

[ns giarHOCTMKM BPOMKEHWX Baf CEYOBMUBIAHOI CUC-
TEMM 3aCTOCOBYIOTb YIbTPA3BYKOBI, PEHTIEHONONYHI Ta
€HpocKonivHi MeToam pocnimkeHHs. CoHorpadis BU3Hauae
CTyNiHb PO3LUMPEHHS MCKM Ta YallOK, pO3Mipu HUPKY,
TOBLUWHY NaperximMu, edopmaLito i CTyniHb PO3LLMPEHHS
Ce4oBOAiB. 3aranbHOMPUIAHSATI PEHTIEH-YPONOriYHi METOAN,
AK-0T yporpadist Ta umctorpadis, BU3Ha4aoTb CTYMiHb
PO3LUMPEHHSA Ta YPOAMHAMIYHI XapaKTEPUCTUKN BEPXHIX
CEeYOBMX LLNAXIB | HAPKOBY hyHKUito [1,4,5,15,18,19].

Y KniHiYHIA NpakTUUi Ans giarHOCTMKM Liei natonorii
HalJacTille 3aCcTOCOBYOTh LIMCTOCKOMILO, L0 Aae 3MOry
OLiHWTM CTaH BE3WKOYpEeTEparibHOro CerMeHTa Ta Ce4oBOro
Mixypa. Y KniHi4HiA NpakTyLi AUTSYi yponor 3acTOCOBYIOTb
abo koHcepBaTuBHY, ab0 onepaTuBHY TaKTUKY MikyBaH-
HS MeraypeTepa 3anexHO Bif CTyNeHs TSKKOCTI Baau
[3,4,12,16,20].

AKTyanbHAM MUTaHHAM 3anuwaeTbes Bubip ob’emy
OnepaTvBHOTO BTPYYaHHS MPY BPOMKEHOMY MeraypeTepi.
3aranbHONMPUIHSATO METOAMKOK pafukansHOro onepa-
TUBHOTO BTPYYaHHS 3ar1LLAETHCA peiMnaHTaLlis Ce40Boay
nicns pemogentoBaHHs oro CTiHkK. Kpim Toro, 3a gaHumMu
[OCMIOHVKIB, Y TaKTWLi NiKyBaHHS Bag BEPXHIX CEYOBMX
LUMAXIB 3aCTOCOBYIOTb €HAOCKOMiYHI METOAM, L0 Crpusie
30epexeHHI0 (PYHKLT HUPOK i BMEHLLIEHHIO CTyneHs aucnnasii
CTIHKM CE4OBUX LLNSIXiB. He MEHLL BaXMBUM 3aniLLaeTbCst
MWTaHHS LLOAO NNAcTUYHKX XipypriYHNX BTPyYaHb Ans pe-
MOZentoBaHHs ce40BOAY Ta 1oro Biuka [4,7,11,14,21,22,23].

He3Baxaroum Ha LUMPOKe BUKOPUCTAHHS YMCTIEHHUX
PEHTTEHONOTIYHIX | TaBOpPaTOPHMX TECTIB 4151 OLiHIOBAHHS
06CTpyKLUii, PO3LIMPEHHS CEYOBMBILHMX LUNSXIB i CTYNEHS
YPaXEHHS HUPKOBOI NapeHXiMU, MUTaHHS LOAO TaKTUKW
BeJEeHHs Ta NikyBaHHs NALIEHTIB Pi3HOrO BiKy 3 NEPBUHHUM
MeraypeTepoM 3anuiuaeTbes Auckycinium [4,10,18,20,24].

Merta poboTu

AHani3 pesynbraris A4jiarHOCTWKM Ta MikyBaHHS NEPBUHHOTO
meraypeTepa y 4iTen pi3HOro BIKY.

Martepianu i MeToAH AOCAIAKEHHA

3aifcHUNM PeTpoCneKTMBHO-NPOCMEKTUBHMIA aHani3 81
ONTWHM 3 NEPBUHHUM MeraypeTepom, siki nepebysanu Ha
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nikyBaHHi Ha 6a3i kadbeapu auTsyoi Xipyprii 3anopissbkoro
[EepXaBHOMO MeayKo-hapMaLEeBTUYHOIO YHIBEPCUTETY Y
nepiog 3 2010 go 2025 poky. Bik nauieHTiB ctaHoBYB Bif 1
micaus fo 15 pokiB. CTpyKTypa KOropTv AOCTIMKEHHS 3a
Bikom: Big 1 micsus go 3 pokie — 48 (59,2 %) piten, Big 3
[0 6 pokiB — 27 (33,3 %), Big 6 o 15 pokis — 6 (7,4 %).
JliBoGiuHa natonoris Busienena y 48 %, npaBobiuHa — 36 %
navieHTis, a 1B0GIYHY Bagy AiarHocToBaHo Y 16 % Bunagkis.

[Jiten, 3anyyeHnx 00 AOCIMKEHHs, NOAINUIU Ha ABi
rpymv: y 1 rpyni — 45 (55,5 %) naujexTiB, skum ans no-
KpaLleHHst ypoduHaMmiki Mig Jyac KopekLii Bagn BUKOHaNM
€HO0CKOMIYHE BTPpYYaHHs, y 2 rpyni — 36 (44,5 %) obcTe-
KEHUX, KA 3MiIACHANN PO3BaHTaXyBamnbHy ypeTepokyTa-
HeocToMito. B 060X rpynax ansi pemofentoBaHHs Ce40BOzY
Ta 11010 Bi4Ka 3aCTOCOBYBaIIM ypETEPOHEOLMCTOCTOMItO. Bei
[iTh 3 000X rpyn AOCTiZKEHHS 3iCTaBHi 3a BikOM Ta CTaTTH.

Ycim navjeHTam npoBefeHo 3aranbHOKMiHIYHI Ta 6io-
XiMiYHi aHanisu, ynsTpa3BykoBE U PEHTrEHOYPONOrivyHe
06CTEXEHHS!, @ TAKOX BUKOHAHO LIMCTOCKON.

Bwbip TakTuku NikyBaHHS BU3HAYEHMI 3 ypaxyBaHHAM
thopmu meraypetepa (06CTPYKTUBHMIA Y PEChITHOKCYHOUNIA)
Ta cTyneHsi Baau. [ins obpaHHsi MeTogy NikyBaHHS NepBUH-
HOro MeraypeTepa 3acToCOBaHO Taki KpUTEPI, L0 XxapakTe-
PU3YIOTb (DYHKLIOHANBHUIA CTaH HUPKW | aHTUPEITIOKCHUI
MeXaHi3M: CTyniHb MiXypOBO-CEYOBUAHOTO PedIoKCY,
HasIBHICTb 3anasibHOro NPOLIECY, 3MiHM KDOBOTOKY HUPKY Ta
(pyHKLOHANBHWIA CTaH BE3MKO-YPETEParnbHOMo CErMEHTa, 3a
AaHumm gonneporpadii Ce4oBIAHOTO BUKMAY.

BaTbku (3aKkoHHI npeacTaBHWKM) Janu iHpopmMoBaHy
3roy Ha yJacTb AiTen y JOCTiMKEHHI.

CTat1cTYHO pesynbTaTi OnpaLtoBank 3 BUKOPUCTaH-
Ham nporpamu Statistica for Windows 13.0 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J). ins BU3HAYEHHS BipOriaHO-
CTi po36iXXHOCTE Mix MOKa3HMKaMM 3aCTOCYBarnm KpUTepii
MaHHa-BiTHi. [MepeBipky HOpManbHOCTI PO3NOAINY AaHUX
y BapiaLiiH1X pspax 34iNCHUNM, BUKOPUCTaBLUM KpUTEPIN
lWanipo-Binka. Pesynstat HaBedeHo K MefiaHy Ta
MixkBapTUnbHUI dianasoH (Me (Q25; Q75)) abo cepeaHe
3HauyeHHs  noxubka cepeaHboro (M + m). CtatucTnyHoO
3HauyLLMM BBaxanu piseHb JocToBipHoCTi npy p < 0,05.

Pe3yabTati

OujHioBaHHS po3noginy navjieHTiB 3a BikoM Jano 3Mory
BCTaHOBWTH, LLIO YacTKa AiTel BIkOM 40 3 pOKiB LOCTOBIPHO
nepesaxana cepep iHWux BikoBux rpyn: y 1 rpyni—57,7 %
npotn 42,3 %, y 2 rpyni — 61,1 % npotu 38,9 % (p < 0,05).

AHanis kniHiYHoi kapTuHK nokasas: y 16 (35,5 %)
naujeHTiB i3 1 rpynu BUSIBNEHO O3HAKM iHEKLiT cevoBMX
wnsxis, a B 2 rpyni Taki 3miHm 3adikcoBaHo y 19 (52,7 %)
oci6. MpeHaTarnbHa fjiarHocTika BU3Ha4Mna, Lo 3a AaH1Mu
YNBTPa3BYKOBOI KapTUHU TiAPOHEPOTNYHY TpaHCdhopMa-
Liito Mucku Ta cevoBogy byno BusieneHoy 35 (77,7 %) piten
i3 1 rpynu Ta'y 27 (75,0 %) naujenTis i3 2 rpynu.

3a pesynbratamut ynbTpasByKOBOTO OGCTEXEHHS [iTel,
sKi 3anyyeHi 40 AOCTIKEHHS!, 3apEECTPOBAHO 3DiNbLUEHHS
MUCKM Ta YallOK HUPKM, 3MEHLUEHHS TOBLUMHW NapeHXi-
M, 36inbLUEHHS fiameTpa cevoBody. Tak, y 13 (28,8 %)
xBopux i3 1 rpynun 1a 9 (25,0 %) i3 2 rpynn po3mipu MUCKK
craHoBunm 24,2 (14,8; 29,2) mm; y 19 (42,2 %) nitei i3 1
rpynu Ta 15 (41,6 %) i3 2 rpynn — 36,7 (30,5; 40,7) mm; y
12 (26,6 %) nauienTiB i3 1 rpynu tay 12 (33,3 %) i3 2 rpynu
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Tabauus 1. MNopiBHsANbHA XapakTepPUCTVKa pe3ynbTaTiB NikyBaHHS NEPBUHHOMO Meraypetepa

Moka3Huk, BU3Ha4eHW y nicnsonepadiiiHomMy nepioai

3MeHLUEHHS YaLLKOBO-MMCKOBOI CUCTEMMW HUPKY Ta CE4Y0BOAY 15
36iNbLUEHHS YaLLKOBO-MWUCKOBOT CUCTEMU HUPKV Ta CEYOBOAY 4
[unarauis cevosogy Il ctynens 5
IHchekLis cevoBuX LUNSXIB 2

YpetepokyTa-
HEeoCTOMis,

EHpockoniyHa ko-

pekuisa pedntokcy, | cTomis Ta
eHpocKoniyHa
Kopekuis, n =6

YpeTepokyTaHeo-

YpetepokyTa-
HeoCToMis,

OGCTPYKTMBHWIA MeraypeTep Pecbniokcytounii meraypetep

EHpockoniyHe
CTEHTYBaHHS,

*: piBeHb 3HauyLLOCTi BiaMiHHOCTEN p < 0,05.

- 43,2 (41,2; 48,9) mm. Po3amip ce4oBoay Y BEpXHLOMY Ta
B HWXHBbOMY LmcToigi y 20 (44,4 %) piteit i3 1 rpynn Ta 17
(47,2 %) i3 2 rpynu cTaHoBuB 23,6 (17,5; 28,2) mm; y 12
(26,6 %) xBopux i3 rpynu Ta 9 (25,0 %) i3 2 rpymm — 14,1
(10,5; 18,1) mm; y 13 (28,8 %) navjenTis i3 1 rpynu Ta 10
(27,7 %) i3 2 rpymn — 28,6 (21,2; 35,8) mm. Y 53 (65,4 %)
XBOPUX PO3MIp napeHximu ctaHosuB 4,5 £ 1,4 mm, y 28
(34,6 %) nauiexTiB — 8,8 £ 1,9 mm.

AHani3 pe3ynbTaTiB EKCKPETOPHOI yporpadii nokasas,
LU0 PO3LUMPEHHST MUCKM Ta YaLlokK |-l cTyneHiB BusiBneHo
y 14 (31,1 %) naujenTiB i3 1 rpymn 1a 'y 9 (25,0 %) i3 2 rpy-
nn, Il ctynens —y 31 (68,9 %) nauienTis i3 1 rpynu Ta 27
(75,0 %) piTei i3 2 rpynu. 36inbLUEHHS AiameTpa cevoBomy
noHap 22,3 (18,2; 31,2) mm Bu3HadeHo y 25 (55,6 %) aiten
i3 1 rpynu Ta 21 (58,3 %) nauienTa i3 2 rpynm (p > 0,05).

3a paHumu umcTockonii BUSHa4YeHO nareparnbsHe pos-
MiLLieHHs Biuka cevoBoay Yy 6 (13,3 %) naujenTis i3 1 rpynu
Ta4 (11,1 %) oiten i3 2 rpynu, 36inbLueHHS AiameTpa Bivka
3acpikcoBaHo y 13 (28,8 %) xBopux i3 1 rpynu Ta 8 (22,2 %)
navuieHTiB i3 2 rpynu. 3 BUKOPUCTAHHAM €HAOCKOMIYHOro
ypeTepouene BusBneHo y 3 (6,6 %) aitei i3 1 rpynu ta 2
(5,5 %) nauieHTis i3 2 rpynu.

Y pesynbrari aHanisy TUniB Meraypetepa BCTaHOBIEHO:
06CTPYKTMBHWI BapiaHT Bagu diarHocTosaHo y 28 (62,2 %)
diten i3 1 rpynu Ta 24 (66,7 %) nauieHTiB i3 2 rpynu, a
pedpritokcytounin —y 17 (37,8 %) obctexennx y 1 rpynuta 12
(33,3 %) ocib i3 2 rpynw. MopiBHAHHS TMNIB MeraypeTepa 3a
CTyneHsmMM nokasano, o |l cTyniHb giarHocToBaHo y Ginb-
i kinbkocTi BUNagkis, Hix |11 ctyninb (p < 0,05) (puc. 1).

3LificHeHO OLiHIOBaHHSA AiarHOCTOBaHMX KOMOPGIaHMX
BPOKEHNX aHOManii, BCTAHOBMEHO, LLO MeraypeTep no-
€[HyBaBCH 3 KnanaHoM 3afHboi ypetpu y 2,5 % Bunagkis,
KOHTpanaTepansH1M BPOMKEHNUM rifpoHedpo3om y 4,5 %
i noaBOEHHAM Hupkun y 14,8 % aiten.

Y koropTi 06CTPYKTUBHOMO TWMY JOCHiAKYBaHOI Baam
CTEHTYBaHHs ce4oBogy BrkoHanu 19 (67,8 %) nauieHTam i3
1 rpynu. Y 2 rpyni'y 13 (54,1 %) xBopux BMKOHaHO hopmy-
BaHHS YPETEPOKYTaHEOCTOMM. YPETEPOLIMCTOHEOCTOMIIO 38
MonitaHo-Nin6eTTepom BukoHaHo 21 (75,0 %) nauieHToBI
31 rpynu 1a 20 (83,3 %) xBopuM i3 2 rpynu.

AHani3 nokasHukiB y micnsonepauinHoMy nepiogi
(Yepes3 2 micsaui) y AiTel, SKUM BUKOHAHO CTEHTYBaHHS,
[aB 3MOry BCTAHOBUTM: 3MEHLLEHHSI MUCKM Ta CE4Y0BOaY
3achikcoBaHo y 15 (78,9 %) navuieHTiB — 24,4 (13,9; 34,5) mm
i 14,8 (12,6; 16,2) MM BignosigHo. Y AiTei, SKMM BUKOHAHO
(hopMyBaHHs ypeTepoKyTaHEOCTOMM, Taki 3MiHW BU3HAYEHO
y 8 (61,5 %) Bunagkax — 26,4 (12,7; 32,9) mm i 14,2 (12,9;
15,7) mm BignosigHo. Y 5 (38,5 %) navjenTiB i3 2 rpynu
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Puc. 1. MopiBHAHHS TUNiB MeraypeTepa y AiTei.

po3Mipu MuCku Ta ce4oBogiB cTaHoBunn 28,9 (17,4; 38,5)
MM i 18,2 (14,6:24,2) MM BiANOBIAHO.

Mauientam rpyaHoro Biky 3 060X rpyn AOCImXEHHS
(3okpema 3 (6,6 %) gitam i3 1 rpynnTa 2 (5,5 %) i3 2 rpynu),
Y SIKUX BUSIBNEHO NEPBUHHUI MEraypeTep, Ans 3MEHLIEHHST
riopOAVHAMIYHOMO HaBAHTAXEHHS! HUPOK i CTIHKM CEYOBOAIB i
3 METOH ANEPEHLiHOT AiarHOCTUKM Baay BUKOHAHO KaTe-
Tepu3aLito ce4oBOro Mixypa katetepom Pones Ha CTpoK 10
1 Micsus 3 nepopanbHot0 aHTUGaKTepianbHOK NIATPUMKO.

Y 4(23,5 %) naujenTiB i3 1 rpynu 3 pedniokcyounm Tu-
MoM MeraypeTepa BMKOHaHO eHA0CKOMIYHY KOPEKLito Baay,
y 6 (35,3 %) — eHpockonivHy KOpeKLilo 3 HaknagaHHaM
ypeTepokyTaHeocTomm 3a Caber. Y 2 rpyni Tirlbku KOpekLito
Baay 3a AOMOMOIOI YpeTepoKyTaHeoCTOMil 3aiicHunmn y 7
(58,3 %) navjienTiB. YpetepoumcToHeocToMmito 3a MonitaHo—
Nip6etTepom BrkoHaHo y 12 (70,6 %) xBopux i3 1 rpynu Ta
8 (66,6 %) aiTei i3 2 rpynu.

Cepen Bvnaakis pechrtokCyHoro Meraypetepa knanaH
3apHboi ypeTpu BusieneHo y 3 (10,3 %) aiten; Bu3HayeHo
3 Tvin KnanaHa 3agHboI YPeTpu.

3a paHumK aHanisy nokasHwkiB, 3adikcoBaHnX y Mic-
nsionepauinHoMy nepiodi B NaLieHTIB i3 pedritoKCyoumnm
TMNOM Bagw, BcTaHoeneHo: y 3 (17,6 %) piten nicns eH-
[OCKOMIYHOrO NiKyBaHHS BUSIBMIEHO 3MEHLLEHHS MUCKM Ta
YaLLoK HMPOK i cevoBogy, Lo ctaHosuno 18,1 (14,3; 26,4)
mMmi 12,6 (10,6; 15,8) mm BignosigHo; y 4 (40,0 %) naviexTis
PO3Mipy 36MparnbHOI CUCTEMU HAPOK ICTOTHO HE 3MEHLLINK-
ca—24,7(17,2;36,9) mmi 14,8 (13,8; 17,2) BignosigHo). Ha
HaLLy AyMKy, Lie NpsIMO KOPEntoBarno 3 BUCOKVM CTYMEHEM
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avcnnasii CTiHKM cevoBoay, 3 iHLWoro 60Ky, eHaocKoniYHa
nnacTvika hopMye 3amMyKanbHIUA MexaHiam, SKvin BogHo4ac
3MeHLLYye ypoauHamiky. Linm Aitam Hagani BUKOHaHo ypeTe-
pouucToHeocToMmito 3a MonitaHo-Jlin6eTTepom.

[NopiBHAMBHMI aHani3 pe3ynbTatiB NikyBaHHS NePBUH-
HOro MeraypeTepa HaBefeHo B mabnuuj 1.

OsHakm iHdeKwii cevoBUX LNsAXIB BUSBNEHO B 060X
rpynax nawieHTiB eHAOCKOMNIYHOTO  OnepaTUBHOIO fNiKyBaH-
Hsi: y 4 (13,8 %) XBOpUX, SIKMM NPOBELEHO EHAOCKOMYHE
nikyBaHHs Meraypetepa, Ta 'y 6 (30,0 %) Bunagkax nicns
BIZKPUTVX OMepaTuBHKX BTPyYaHb 3ad)ikCOBAHO O3HAKM
nienoHedpuTy; BiAMIHHOCTI CTAaTUCTUYHO LOCTOBIpHI
(p <0,05).

06roBopeHHA

Cepep navuieHTiB i3 rpyn AOCTIMKEHHS, Y SKuX AiarHocToBa-
HO NePBUHHUI MeraypeTep, NpeBantoBanu Aitv Bikom 4o 3
pokiB. 3a pesynsraTaMmy OLiHIOBAHHS MEPBUHHOI KNiHIYHOT
KapTUHK, BinbLU HiX Y TPETUHW NaLlieHTiB i3 1 rpynu gocni-
[DKEHHS1 3ahikCOBaHO CUMMTOMM iH(DEKLLT CEYOBOrO TPaKTY,
y 2 rpyni Lii NposiB1 NpeBarntoBan i CTaHoBMIM NoHag, Nosno-
BYHY BUMazKiB. BpaxoByroum aHi 4ONONOroBoi 4iarHOCTMKY,
B 77,7 % obCTexeHux i3 1 rpynu iarHoCToBaHO aunaradiio
BEPXHiX CEYOBYIX LLMAXIB.

PeTpocnekTuBHWIA aHani3 YMHHUKIB MeraypeTepa Aas
3MOry BCTAHOBUTY, LLIO AUCTNACTUYHI 3MiHW CTiHKW Ta CTPUK-
Typy cevoBoay BUsiBneHo y 78,0 % XBopux, IkKMM BUKOHAHO
YPETEPOKYTAHEOCTOMIIO Ta ypeTepouucToHeocToMito. Lie
npK3Beno A0 NopyLIEHHs CKOPOTNMBOI (oyHKLiT cevoBoay
Ta NMOPYLIEHHS Macaxy cedi No ce4oBogy. [opiBHANbHNI
aHania pesynbraris riCTONOMYHOrO aHani3y CTiHKW Ce4oBOaY
rnokasas: y AiTeit y rpyni paHHbOrO BiKY CTYMiHb NOPYLUEHHS
MEHLUMIA, HiX Y AiTen cTapluoro Biky (p < 0,05).

BusHayeHo 3BOPOTHO-NPOMOPLiAHY KOpensuito Mix
BIKOM AWTWHW Ta pe3ynbTatamu NikyBaHHS MeraypeTepa.
Mpu 0BCTPYKTMBHOMY BapiaHTi NEPBUHHOTO MeraypeTtepa
B 1 rpyni NO3WTUBHY AWHaMIKy PO3MIpIB CEYOBOMO TPaKTy
3acpikcoBaHo y 78,9 % Bunagkie, a 'y 2 rpyni Taki 3MiHu
BM3Ha4eHo y 61,5 % nponikoBaHWx AiTel; npu pedriokcy-
to4omy BapiaHTi naronorii — y 41,2 % naujeHTis i3 1 rpynu
1a 29,4 % Bunagkis 2 rpynu. Lli gani npamo kopentosanu
3 BWCOKVM CTyneHeM aucnnasii CTiHKM CEeYOBOAY, pasoMm
i3 TUM, eHAocKoniyHa nnacTuka opMye 3aMuKanbHUN
MeXaHi3M, K1 NopyLUye ypoamHamiky. Ha Haly aymky,
Lie 3yMOBMEHO BUKOPUCTAHHAM MiHiiHBA3UBHUX METOLIB
KOpeKLii Baan Ha qoHi paHHBOrO BiKy NALEHTIB.

OTxe, CyKynHICTb OMMCaHMX MO3UTUBHIIX BNIUBIB CNpW-
na niaByLLEHH0 eHeKTUBHOCTI XIpYprivHOTO NikyBaHHS nep-
BWHHOTO MeraypeTtepay iTei, 30kpema i BHacnigok paHHbOI
ZiarHOCTVIKM, @ TaKOX CYTTEBOMY 3MEHLLEHHHO iHBA3MBHOCTI
Ta TPaBMAaTUYHOCTI OMepaTUBHOMO BTpyYaHHs. Lli 3axoam
[ani 3Mory YHUKHYTU BUHVKHEHHS HU3KW YCKNaZHEHb Y paH-
HBOMY nicrisionepaLinHoMy NepioAi Ta B BifAaneHHi TepMiH1
Micnis BTpyYaHHsl, CyTTEBO CKOPOTUTM TPUBAMICTb CTaLjioHap-
HOrO NiKyBaHHS Ta NPUCKOPUTM OAYXaHHS NaLieHTIB.

BucHoBKU

1. BuaHayeHo npsimy kopensvjto avHamikv gunarauii
BEPXHiX CEYOBYIX LUNSIXIB 3 BUKOPUCTAHHSIM €HA0CKOMIYHOMO
METOAY BTPYYaHHS.
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2. ObpaHa eHpockoniyHa TakTuKa nikyBaHHS Baam
3ymosuna B 78,9 % Bunagkax npu o6CTPYKTUBHOMY Ta B
41,2 % npw pedrioKkCyto4oMy MeraypeTepi NokpaLleHHs
ypoauHamiku, 36inblLIeHHs NapeHXiMaTo3HOro Lwapy
HUPKK.

3. MikyBaHHSA Npu NepBUMHHOMY MeraypeTepi y AiTen
nepenbayae pisHi BapiaHTW iHOMBIAYanbHOI XipypriYHoi
TaKTUKW, L0 3aneXuTb Bif TUMy Bagu, CTyneHs aunarauii
BEPXHiX CEYOBMX LLNSAXIB, BPAXOBYKOUM AaHi MPeHaTansHoro
nepiody Ta HasiBHICTb iH(eKUii cevyoBoro TpakTy. PaHHs
[JiarHoCTWKa Ta paLjoHarnbHa Tepanis Cnpusiiv 3MEHLLEHHIO
KinbKOCTi yCKNagHeHb Npy NikyBaHHi NepBUHHOTO Meraype-
Tepay aiten.

ETMuHe cxBaneHHSA

Komicist 3 nutaHb 6ioeTnkn 3anopisbkoro AepXaBHOMO MEAUKO-
(bapmaLeBTUYHOrO YHIBEPCHUTETY PO3MASIHYAG MaTepiaAu, HaBEAEHI
y CTaTTi, Ta He BUABMAA NOPYLUEHb ETUYHUX CTAHAAPTIB, BUKAAAEHMX
Y UWHHNX HOPMATHUBHKX AOKYMEHTaX, BKAtOUAKOUM [EAbCIHCHKY
AeKnapaLito, KoHBeHLjto Paan €Bponu Npo npaBa AtOAUHM

Ta 6iOMEAULIMHY, Ta IHLLIMX NPABOBHMX aKTax

(npotokon Bia 13.02.2026 poky Ne 3).

Yci 6aTbku (3aKOHHI NPEACTaBHUKM) AiTel HaAaAM MUCbMOBY
iHOOPMOBAHY 3roAy Ha y4acTb y AOCAIAKEHHI Ta OnpaLtoBaHHs
NepCoHaNbHUX AaHKX, NYOAIKaLito aHOHIMI30BaHNX AGHWX Y HayKOBKX
npaLsx.
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AochipxeHHs rinepTpodii MiokapAa AiBOro LAYHOUKA LypiB
NpU eKcnepuMeHTaAbHOMY LYKPOBOMY AiabeTi 2 Tuny
Ta Npy BBeACHHi aMiHOKUCAOT L-apriHiny Ta N-auetua-L-uucreiny

M. I. lcaueHko

3anopisbkuit AepxaBHUI MeAUKO-GapMaLeBTUYHUI YHIBEpCHTET, YKpaiHa

KatouoBi cnoBa:
LlyKpOBM

Aiabet 2 iny,
PEMOAEANOBAHHS,
Miokapa, AiBHi
LUAYHOYOK,
MopdomeTpis,
L-apriHiH, N-auetua-L-
LIMCTETH, LLypH.

3anopisbkuit
MeAUYHUI XXypHaA.
2026. T. 28, Ne 4(157).
C. 334-338

Merta po6011 - MOPOMETPUYHIIA aHani3 rinepTpodii Miokapaa NiBoro LLUMYHOUKa LLYPIB 3 eKCrIepUMEHTamNBHUM LiyKPOBUM AjabeToM
2 Tvny i Npu BBEAEHHI amiHokucnoT L-apriHiHy Ta N-auetun-L-umcteiny.

Marepianu i metoau. [locnimkeHHs BUKOHaHO Ha 42 wwypax-camusax niii Wistar. Liykposuii giabet 2 tuny (LI12) mopentosanm
LUMSIXOM 8-TVKHEBOT BUCOKOXMPOBOI [iETU 3 HACTYNHUM BBELAEHHSAM CTPENTO30TOLMHY (30 Mr/kr). TBap1H NOAINMAM HA KOHTPOMBHY
rpyny Ta Tpu nigrpynu 3 mogensosanum LIO2: 6e3 amiHokucnoT, 3 BBeAeHHAM L-apriHiHy Ta 3 BBegeHHam N-auetun-L-uncteiny
MPOTSArOM 2 TVWXHIB 3 NUTHOK Bogoto (1,5 r/kr/n). BukoHanw rictonoriyHe 3abapBneHHs reMaTtokcuiHoMm Ta eo3nHom. Mopdome-
TpUYHO B Nporpami ImageJ BU3HaYeHO CepeaHio NoLLy Ta MiHiManbHuiA giameTp kapgiomioumTie (KML), ixHt0 3aranbHy nnowly
B KaZpi, CepenH:o NoLly i 3aranbHy NMoLLy B kaapi sgep; Hagani obumcnnnv sgepHo-umtonnasmatniHmin koediuieHt (ALK) i
LLNbHICTb KMITUH HAa 1 MM? TKaHUHMU.

Pesynbratn. Possutok L2 cnpuunHue BupaxeHy rineptpodito: cepeaHs nnowa KMLL 36inbwmunacs Ha 28 %, aiametp — Ha
23 % nopiBHsIHO 3 KOHTpoNeM. 3adikcoBaHo 30inbLUEHHS cepeaHboi noLwi saep Ha 29 % Ha doHi ameHLweHHst ALK Ha 12 % Ta
LinbHOCTI KNiTUH Ha 15 %. BBegeHHs L-apriHiHy cnpusno ameHLueHHto cepeaHboi nnowwi KMLL Ha 8 % Ta BigHOBNEHH!O LiNbHOCTI
KniTvH Ha 18 % nopiBHsHO 3 rpynoto 6e3 amiHokucnoT. N-aueTun-L-umucTeiH CnpuumHmus BinbLu BUpaXeHU edekT, Hix L-apriHiH,
CTaTUCTUYHO 3HAYYLLO 3MIHMBLUM MOKA3HWKI CEPenHbOi NIOLL AAep (3MeHLLeHHs Ha 14 %), uuTtonnasmu KMLL (36inblueHHs Ha
4 %), Lo NO3HAYMNOCA Ha LWiNbHOCTI KMiTUH Ha 1 MM? TKaHWHK (36inbLueHHs Ha 12 %), p < 0,05.

BucHoBKU. PO3BUTOK EKCNEpUMEHTANBHOIO LiyKPOBOTO AiabeTy 2 Tuny Npu3BOAMB [0 BUPaXKEHOI TNepTpOdiYHOi CTPYKTYPHOI
peopraHisauji Miokapga niBoro LWyHouKa 3 MOPYLLEHHSM SAEPHO-LIMTONNA3MaTUYHOTO CMBBIAHOLIEHHS | 3HMKEHHSIM LLiNTBHOCTI
KapaiomiouuTie. BBegeHHs L-apriHiHy YMHUNO KapaionpoTEKTUBHY [ito, L0 NPOSIBMANOCSA CTPUMYBAHHSM NpOLECiB AiabeT-iHay-
KOBaHOrO TinepTpociYHOr0 PEMOAENOBAHHS 3i 3MEHLLEHHSIM SAEPHO-LMTONNasMaTyHoro koedilieHTa Ta 30inbLUEHHAM LWiNb-
HOCTI KNiTH Ha 1 MM? TKaHUHW. 3acTocyBaHHs! N-aueTun-L-umcteiHy Mano GinbLu BUpaXeHui edhekT NopiBHAHO 3 L-apriHiHoM,
ONTUMI3yBaBLLM GanaHC MK SAEPHUM i LUTONNa3MaTUYHUM KOMMNAPTMEHTaMK CTPOMM, ehEKTUBHO BiJHOBMBLUW FCTONOTIYHY
LUINbHICTb KNITUH Ha 1 MM? TKaHWUHW.

Keywords:
diabetes mellitus
type 2, remodeling,
myocardium,

left ventricle,
morphometry,
L-arginine,
N-acetyl-L-cysteine,
rats.

Zaporozhye
Medical Journal.
2026;28(4):334-338

334 ISSN 2306-4145

Study of left ventricular myocardial hypertrophy
in rats with experimental type 2 diabetes and following administration of L-arginine
and N-acetyl-L-cysteine

M. I. Isachenko

Aim. To evaluate the morphometric parameters of left ventricular myocardial hypertrophy in rats with experimental type 2 diabetes
mellitus (DM2) and with L-arginine and N-acetyl-L-cysteine administration.

Materials and methods. The study was conducted on 42 male Wistar rats. DM2 was modeled by an 8-week high-fat diet followed
by the administration of streptozotocin (30 mg/kg). The animals were divided into a control group and three DM2subgroups: without
amino acids, with L-arginine administration and with N-acetyl-L-cysteine administration for 2 weeks dissolved in drinking water
(1.5 g/kg/l). Histological staining with hematoxylin and eosin was performed. Morphometrically, the mean area and minimum Feret
diameter of cardiomyocytes (CMC), total CMC area, mean and total nuclear area were assessed using ImageJ with subsequent
calculation of the nuclear-cytoplasmic ratio (NCR) and cell density per 1 mm? of the tissue.

Results. The development of DM2 led to pronounced hypertrophy: the mean area of CMC increased by 28 %, and minimum Feret
diameter by 23 % compared to the control. An increase in mean nuclear area of 29 % was observed, alongside a decrease in NCR
by 12 % and cell density by 15 %. Administration of L-arginine to DM2 animals contributed to a decrease in mean CMC area by
8 % and restoration of cell density by 18 % compared to the non-supplemented DM2 group. N-acetyl-L-cysteine demonstrated a
more pronounced effect compared to L-arginine, with statistically significant reductions in mean nuclear area (14 %) and increases
in CMC cytoplasmic area (4 %) and cell density (12 %), p < 0.05.

Conclusions. The development of experimental type 2 diabetes mellitus leads to pronounced hypertrophic structural reorganization
of the left ventricular myocardium with impairment of the nuclear-to-cytoplasmic ratio and reduced cardiomyocyte density. Admin-
istration of L-arginine exerts a cardioprotective effect, manifested by attenuation of diabetes-induced hypertrophic remodeling,
reduction of the nuclear-to-cytoplasmic ratio, and increased cell density per 1 mm? of the tissue. Administration of N-acetyl-L-cysteine
demonstrates a more pronounced effect compared to L-arginine, optimizing the balance between the nuclear and cytoplasmic
compartments of the myocardial parenchyma, successfully restoring histological cell density per 1 mm? of the tissue.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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OpwuriHaAbHI AOCAIAXKEHHS

Llykposuin piabet 2 tvny (LIA2) sanuwaeTbes ogHieto
3 mobanbHUX MeamKo-couianbHUX Npobnem, ocKinbku
[0Ci BU3HAYal0Tb CTPIMKE 3pOCTaHHS 3aXBOPIOBAHOCTI Ta
BUCOKI PU3NKM PO3BUTKY KapaiOBACKYMSAPHUX YLLKOMKEHD,
L0 NOTEHUINHO MOXYTb CMPUYMHUTK iHBanigm3alito.
Ocobnmee Micue cepeq HUX nocigae aiabeT-acoliioBaHa
kapgiomionaris [1].

Mpw LA2 kapgiomonartist Mae 0coBnmBY NaTtoreHeTUYHy
cneuundiky, Lo 3yMOBEHa iHCYMIHOPE3UCTEHTHICTIO, ino-
TOKCWYHICTIO Ta XPOHIYHUM 3ananeHHsIM HU3bKOi IHTEHCHB-
HOCTI (MOPIBHSIHO i3 LlykpoBUM fiabeTom 1 Tuny). Lii YuHHMKM
MOZENIOKTb BUPAXEHICTb OKCUAATUBHOTO CTPECY, LLIO 4aCTo
B MiOKapAi CynpoBOMKYETLCS PO3nafamu ra3oTpaHCMiTep-
Hux cuctem (okewpy HitporeHy (NO) ta gurigpocynbigy).
KniHiyHi cbeHoTvnm kapgiomionarii npu L2 marots nps-
My 3anexHiCTb Bif CTPYKTYPHOTO peMOAEmntoBaHHS, LU0
CMPUYMHEHE BUPAXEHICTIO rinepTpodii, dibpoay Ta iHLmMX
CTpOManbHX 3MiH Miokapgaa [2].

Tomy Ons BUBYEHHS NaTOQi3ioNOrivyHNX MexaHi3miB
LiA2-acoujtoBaHoi kapgiomionarii 4oLiNbHUM CTae 3acTocy-
BaHHs! eKCrIepUMEHTasbHIX MOZENeN i3 BUKOPUCTaHHSIM Cy6-
CTpaTiB— AOHATOPIB / PErynsATOpiB ra3oTPaHCMITEPHUX CUCTEM.

Tak, L-apriHiH, 3a gaH1umu chaxoBoi nitepaTypu, BU3Ha-
YatoTb 9K MOAYNATOP ANCAYHKLT MiokapaiansHoT cucTemm
NO [3], a N-aueTtun-L-umcTein — cybeTpat ans yTBOPeHHS
rnyTatioHy [4]. Lli faxi AatoTb NiacTaBW BU3HAYMTU Ha3Ba-
Hi aMiHOKICMOTW K NEPCreKTUBHI TepaneBTUYHI MilLeHi
KapaionpoTekuii.

OcobnuBuin HayKOBWIA IHTEPEC CTAHOBUTL iXHill BNNNB
Ha BUpaXxeHiCTb rineptpodii kapgiomiouwmTie (KMLL), ockinb-
K1 came BOHa € (hyHAaMeHTarnbHUM MOpdodyHKLioHab-
HUM cybeTpatom Li12-acouiioBaHoi kapaiomionarii [5].

Merta poboTu

MopdomeTpuyHuii anania rineptpodii Miokapga nisoro
LUMYHOYKA LLYPIB 3 EKCNePUMEHTANbHUM LyKPOBUM Aia-
6eTom 2 TUMy i Npu BBEAEHHI amMiHOKMCIOT L-apriHiHy Ta
N-aueTun-L-umcTeiny.

Martepianu i meToAM AOCAIAKEHHA

Yci pocnimkeHHs npoBeaeHo Ha 6asi HaByanbHO-HayKoBOrO
MeZyKo-nabopaTopHOro LeHTPY 3 BiBapieM 3anopiabkoro
[epXaBHOr0 Meamko-hapMaLEeBTUYHOTO YHIBEpCUTETY
(cBiDOUTBO NPO TexHiYHy komneTeHTHicTb MO3 Ykpainu
Ne 181/23 Bin 21.12.2023, pie no 20.12.2028). JocnipkeH-
H$1 30INCHUNK BIAMOBIAHO A0 HALIOHANBHUX | EBPONENCHKINX
HOPM NOBOKEHHS 3 TBAPUHAMM, SIKUX BUKOPUCTOBYOTb A1
HayKOBUX Ljified, Lo nigTBepAiKeHO BUCHOBKOM NTOKarbHOT
Kowmicii 3 nutaHb BioeTnkn npu 3anopisbkoMy AepaBHO-
My MeAuMKo-hapMaLeBTUMHOMY YHIBEPCUTETI (MPOTOKON
Big 15.03.2023 poky Ne 2). Mig yac nigroToBku Uiei cTaTTi
marepianu, Lo Y Hi HaBe4eHO, MOBTOPHO PO3IMSIHYTO Ha
3acigaHHi Kowmicii 3 nutaHb BioeTuku, nopyLweHb He BUSIB-
neHo (npotokon Big 11 yepsHs 2026 poky Ne 9).
EkcnepumeHT npoBefeHo Ha 42 wypax-camusx ninii
Wistar Bikom 18-20 micsuis. TBapuH NOZINNIN Ha KOHTPOMb-
Hy rpyny (n = 7) Ta rpyny 3 mogentoaHHam L2 (n = 35).
PosBuTtok natonorii iHiLitoBanu wnsxom 8-TUXKHeBOro
YTPUMaHHS Ha BUCOKOXMPOBIl AieTi (40 % xupiB pocivH-
HOrO Ta TBApPUHHOTO MoxomkeHHs, 30 r/goby Ha 0cobuHy)
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3 HacTyMHUM OLHOPa30BMUM BHYTPILLUHEOOYEPEBUHHUM
BBeAeHHAM cTpenTo3oToumnHy (30 mr/kr, Sigma Aldrich)
y umtpatHomy 6ydepi [6]. TBapuHU KOHTPOMBLHOI rpynu
OTpVMyBanw eksiBaneHTHUI 06’'em Bydepa.

LLlypiB 3i cTilKoto rineprrikemieto (>15 Mmonb/n) noginu-
NW Ha Tpu Nigrpynm (no 7 TBapuH Yy KOXHIN): 6e3 BBEAEHHS!
awmiokucnot (L2-1), i3 BeeaeHHsm L-apriniHy (LIA2-2) abo
N-auetun-L-umcteiny (L[42-3). AmiHoK1cnoTv fofaBani fo
nuTHoi Boam (1,5 r/kr/noBy) npotarom 2 TwkHiB. Pewwty 14
TBapVH BMBEAEHO 3 EKCNIEPUMEHTY YEPE3 HEBIAMOBIAHICTb
KpuTepito 3anyyeHHs abo neTanbHicTb.

HanpwuikiHui excnepumeHTy (8 TWxHIB) eBTaHa3ilo LLypiB
30iIVICHAM METOOOM ZeKaniTaii nig TioneHTanoBy M HapKo3oM
(120 mr/kr). Hagani B HUx 6panu dparmeHTn BEpXIBOK cep-
[AeLlb, ki chikCyBanm y po3unHi ByeHa, n(poBoavnv CTaHaapTHy
ricTOroriyYHy NigroToBKy Marepiany 3 noganbLLUVMM BUrOTOBIEH-
HAM 5 MKM 3pi3iB Ha POTOPHOMY MiIKpOCKONi | 3a6apBreHHAM
remaTokcuniHom Kapaui ta eosuHom (I & E).

MopdomeTpuyHe JOCTIDKEHHS BUKOHANW Ha Lndpo-
BUX MikpodhoTorpadisix, L0 OTPUMaHi 3a AONOMOTOH) CBIT-
noBoro Mikpockona PrimoStar («Carl Zeiss», HimewunHa)
Ta kamepu AxioCam 105 color («Carl Zeiss», HimeuunHa).
AHanisyBanv BunagkoBo obpaHi nons 30py NonepeqHmx
3pisiB Miokapaa nioro wnyHouka (06’ektuB x40). Ons
KOXHOI TBapuHn 06pobnsnu no 20 nonis 3opy, pesynsratn
ycepenHtoBanu. CermeHTaLlito KniTWH i saep BMKOHyBanm
Py4YHUM METOZOM Y mporpami Imaged 3a 4ONOMOroM0 iH-
cTpymeHTa «Polygon Selection». BumiptoBanu nokasHuku
cepeaHbOi NNOLL Ta MiHiMansHoro aiameTpa okpemux KML,
3a ponomoroto nnarida «Color Deconvolution» (BekTop
[" & E) B3Hayanw 3aranbHy niowly saep i uutonnasmu, a
TaKOX KifnbKiCTb siAep Y kagpi. Ha ocHOBI oaepaHux AaHux
obumrcnunm agepHo-LmuTonnasmaTnyiHuii koediuieHT (ALK)
i LWNbHICTb KNITUH HA 1 MM? TKaHUHW.

CraTnCTMYHe onpaLtoBaHHs 34iNCHUIN 3a OMOMOrOL0
opHodakTopHoro aucnepciHoro aHanidy (ANOVA) y npo-
rpami Statistica (niueHsis Ne JPZ8041382130ARCN10-J).
Yci 6e3nepepBHi 3MiHHI NepeBipeHo Ha HopMarbHUIA PO3o-
4in 3a gonomoroto W-tecty LLlanipo—Binka, y cTatTi Ui AaHi
HaBedEeHO K CepeaHe + cepefHe 3Ha4YeHHs CTaHAapPTHOI
nomunku (M + m). Yci napameTpy nopiBHIOBanu 3a fomno-
MOTOK0 OJHOCTOPOHHBLOTO AUCMEPCIAHOM aHaniay, a noTiM,
y pasi 3Ha4yLLOCTi, — ABOCTOPOHHLOTO TECTY Thioki Ans
YMCINEHHNX NOPIBHSAHb. [IBOCTOPOHHE 3HayeHHs p < 0,05
BW3HAYEHO SIK CTATUCTUYHO BipOTiaHE Ans BCiX TECTiB.

Pe3yabTatn

Pesynsratv focnimkeHHs MOpgoOMETPUYHUX napameTpiB
LLYpIB 3 eKCrIepUMEHTanbHIUX rpyn HaBedeHo Ha puc. 1.

Y wypiB Ha coHi po3suTky L2 chopmysanacs
BUpaxeHa rineptpodis okpemux KML| miokapaa, wwo cy-
NPOBOXKYBanocs 36inbweHHsM cepegHboi nnowi KML,
Ha 28 % Ta MiHiManbHoro AiameTpa Ha 23 % NOpIBHSHO 3
KOHTpoOreM. BusiBneHo Takox CTPYKTYpHY rinepTpodidHy
peopraHisaLito Miokapga MiBoro LUNyHouKa, WO nigTeep-
[DKEHO 3MiHamMu iAepHOTo anaparty: cepeaHst nroLLa saep
36inblumnacs Ha 29 %, a ixHsa nnowa B noni 30py 3MeH-
wunacs Ha 25 %. Take pemogentoBaHHs 3miHuno ALK
i WinbHicTb KNiTUH Ha 1 MM? TKaHWHK B BiK CTAaTUCTUYHO
3HAYYLLIOro 3MEHLLIEHHS NMOPIBHSHO 3 KOHTporeMm (Ha 12 %
i 15 % BignosigHo, p < 0,05) (puc. 1, 2B).
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Cep. nnowa MiH. piameTp, Mnowa KML| Cep. nnowa Mnowa apep ALK LWinbHicTb,
KML, pm? um B Kaapi, ym? aapa, um? B Kagpi, ym? Kn/mm?

% Big KOHTPOMIO

Puc. 1. MopdomeTpryHi napameTpy Miokapaa LLypiB 3 eKCriepuMeHTanbHiX rpyn, % Bifl KOHTPONHO.
*: CTATUCTMYHO 3HaYYLLi BIAMIHHOCTI NOPIBHSIHO 3 KOHTpOreM, p < 0,05; #: cTaTUCTYHO 3HaUYLL BIAMIHHOCTI rpyn Kopekwii nopisHsHO 3 LI2-1 (6e3 kopekwii), p < 0,05; $: cTatuctuiHo
3HauyLwi BigMiHHocTi rpynu LUA2-3 (N-aueTun-L-umcteiH) nopisHsiHo 3 LA2-2 (L-apriHin), p < 0,05.

Puc. 2. MikpodhoTorpadii miokapaa LuypiB 3 ekcniepumenTanshux rpyn, I & E, 36. x400. A: koHTponb; B: LI2-1 6e3 BBeAeHHs amiHokucnot; C: LIA2-2 3 L-aprikiHom, D: LIA2-3 i3
N-auetun-L-uncteiHom.
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BeeneHHs L-apriniHy TBapuHam rpynu LIO2-2 npu-
3BEMNO [0 3MEHLLEHHS BUPXKEHOCTI rinepTpodivHMX 3MiH
nopiBHSHO 3 rpynoto LI12-1 6e3 aMiHOKMCOT (3MEHLLIEHHS!
cepepHboi nnowi KML, Ha 8 %, minimanbHoro giavetpa —
Ha 7 % 3i 36inbLueHHam nnoLwi uutonnasmu KML, y kaapi
Ha 26 %). ApepHuin anapat KML, Takox 3a3HaB ctaTuc-
TUYHO JOCTOBIPHVX 3MiH (3MEHLUEHHS Ha 7 % cepenHboi
nrowi siaep 3i 36inbLLUeHHAM iXHbOI nroLwi B kaapi Ha 9 %,
p < 0,05). Y wiin rpyni nopieHsiHO 3 LI12-1 Ge3 BBeAeHHs
aMIHOKUCIOT BU3Ha4eHO 3MeHweHHa ALK Ha 14 % Ta
36inbLUeHHst WinbHocTi Ha 18 % (puc. 1, 2C).

[DNopasanHs N-auetun-L-uncteiny y rpyni LIA2-3 mano
6irnbLu BYPaXXeHWIA BNMMB Ha CTPYKTYPHY OpraHisaLlito mMio-
Kapgda niBoro LUnyHouka cepus Lypis i3 L2 nopiHsAHO
3 rpynoto BBeaeHHs L-apritiny (LJ2-2). Lle cratuctuyro
3HaYYLLO MO3HAYMNOCS Ha MOKa3HUKaX CepefHbOI NMOLL
A0ep (3meHwweHHs Ha 14 %), umtonnasmv KML (36inbLuex-
Hs1 Ha 4 %), @ TaKOX Ha LLiNbHOCTI KNiTUH Ha 1 MM? TKaHWHM
(36inbLueHHs Ha 12 %), p < 0,05 (puc. 1, 2D).

06roBopeHHsA

3rigHo 3 pesynbTatamu JOCRIMKEHHS, Ha (OHiI PO3BUT-
Ky ekcnepumeHTanbHoro L2 y wypie cchopmyBanuch
CTPYKTYPHO-FEOMETPUYHI 3MiHM MioKkapaa, Lo xapakTte-
puaye knacwyHuii natepH dopmysanHs LI2-iHoykoBaHoi
kapaiomionarii. 3actocoBaHa nig Yac A4OCHimKeHHs ekcne-
pUMeHTarbHa MOAErb PENEBaHTHO BiATBOPUIIA CUCTEMHY
iHCYNIHOPE3NCTEHTHICTb i MINOTOKCUYHICTB [6,7].

BicTaBHi BucHoBKM ogepxanu F. Marino et al., siki
gocnigunn metaboniynuin pernotun UO2 i Bussunu
iHiLiauilo cneundivyHMX KNITUHHUX | MOSEKYNSPHUX
KackagiB peMogentoBaHHs, Ha BiamiHy Big LU 1 tuny, ge
MPOBIAHUM TPUrepoM € abcontoTHUI AediunT iHCyniHy
[2]. 36inblweHHsI reomeTpuyHMX napameTpiB saep KML,
04eBMHO, € KOMMEHCATOPHO PeakLieto, L0 crpsiMoBaHa
Ha IHTeHCUiKaLlo TPaHCKPUMLIMHMX NPOoLeCiB B yMOBaX
XPOHIYHOTO eHepreTMYHOro AediunTy Ta MexaHi4Horo
nepeBaHTaxeHHs Miokapga. Lii npouecw getanbHo onu-
caHo y doyHaamenTansHomy ornsgi Y. Tan et al. [8]. Brim,
y BidAaneHin nepcnekTUBi Take PEMOAENIOBaHHS CTae
[e3afanTyBHUM, NPU3BOAAYM O NOPYLIEHb CTPOMASTbHOI
APXITEKTOHIKW cepLis.

MaTodisionoriyHo 0BrpyHTOBaHUM KPOKOM Ans
CTPUMYBaHHS LIMX MPOLECIB € KOPEKLis pefoKc-CTaHy Ta
rasoTpaHcMiTepHoro aucbanaHcy. BeeneHHst L-apriHiHy
MpW3BENO A0 CYTTEBOrO OOMEXEHHS rinepTPOIYHNX 3MiH
KITITVH | YaCTKOBOIO BifHOBMEHHS 06’ €EMHUX XapaKTepPUCTUK
umnTonnaamu KMLL. MexaHiam Liboro eekTy nos’s3aHui i3
TUM, WO L-apriHiH € He3aMiHHMM cybcTpaToM Ans eHgoTe-
nianbHoi NO-cuHTasn (eNOS), a B ymosax LI[12 BuHukae ii
«po3’eHaHHAY 3 NABULLEHO reHepaLlieto Cynepokeua-pa-
Avkana 3amicte NO. OTxke, HaCU4eHHS! CUCTEMW EHAOTEH-
HUM cybcTpatom BigHOBMOE dhisionoriyHnii cuHtes NO,
Lo Briokye nporinepTpodiyHi LWnaxu. AHanorivHi edekTn
onucarm M. R. Thakur & R. S. Tupe, Haronocuswu Ha
11010 30aTHOCTI 3HKYBATW YTBOPEHHS NEPOKCUHITPUTY Ta
noKpalLLyBaTh Mikpoumpkynawito miokapga [9].

OcobnmBuit HaykoBWiA IHTEPEC BUKIKAOTL Pe3ynkTaTi
MOPIBHANBHOMO aHanisy edekTiB amiHokucnoT. Tak, BCTa-
HoBneHo, wo N-auetnn-L-umucteid maB BinbLL BUpaxeHy
3axVCHy Ait0 LWOoAO0 CTPYKTYPHOI Ta KNITUHHOI opraHidauii
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MiokapAa NiBoro LUyHouKa. MOACHIEMO Lie TUM, Lo Npu
BUpaXeHOMy AiabeTnyHoMy AucTpeci npocte cybeTpaTHe
BigHoBneHHs nyny NO Moxe YacTKOBO HiBentoBarucs Bu-
COKMM PIBHEM aKTUBHUX POPM KiCHIO. N-auieTun-L-uncTeiH,
Ail04M SK MPSIMWA @HTUOKCUAAHT | KITIOYOBMIA MPEKYpCop
€H[OreHHOrO rMyTaTioHy, NiKBiAYE NEepLUONPUYMHY NOLLIKO-
[DKEHHS! — CUCTEMHUI OKcuaaTuBHWIA cTpec. EdexkTueHO
3HWXYIOUMU BHYTPILWHBbOKMITUHHUA pefoKc-noTeHuian,
U amiHokucrnoTa Brokye akTuBaLito PesoKC-4yTnmBmX
TPaHCKPUMLIHUX aKTopIB i NPOrinepTPOMIYHNX KiHA3HMX
kackagiB (Akt-mTOR, MAPK). Taka 3gaTHicTb onTumisye
AOepHoO-LMTONNasmMaTuyHui 6anaxc y Wwypis i3 rpynu LIA2-3
Yy MeXax HaLloro JOCHiMKEHHS Ta KOPEMNHOE 3 AaHUMK, LU0
otpumanu W. Li et al. wogo poni N-auetun-L-uncteiny y
perynaii BUX1BaHHS KNiTUH Yepes MOZyIALLito CUrHanMbHUX
wnaxis PTEN/Akt [10]. Kpim Toro, BUpaxeHWiA aHTurinep-
TPOiIYHMIA NOTEHLian Liei aMiHOKUCTOTK in Vivo y3romxy-
€TbCs 3 pe3ynbratamu gocnimkerHs F. Altindag & T. igit, AKi
niaTBEPAMNK, LLO CYNPECist OKUCHOTO CTPECY 3a JOMOMOroH
N-auetun-L-umncteiHy € ofHieto 3 HaibinbLL edekTUBHIX
CTpaTerin natoreHeTUYHOI NpodinakTnkn nposeis LIJ-
acoujinoBaHoi kapgiomionarii [5].

OTxe, LinecnpsmoBaHe 3aCToCyBaHHs MoaudikaTopis
meTaboniamy ra3oTpaHCMITEPHUX CUCTEM [ae 3MOry Cro-
BiNbHUTYM NpOLIECH reoMEeTpUYHOI nepebyaoBu Miokapaa
niBoro LWwnyHouka. Mpy LboMy NpsiMe aHTUOKCUAAHTHE
BTPYYaHHS Ta NiATPUMaHHS TIONOBOrO CTaTycy 3a Aomno-
moroto N-aueTun-L-umcTeiHy Mae 04eBMaHI NaTOreHETUYHI
nepesary Hag i30b0BaHOK CyOCTPaTHOW CTUMYISLIED
NO-cuHTa3HOro WSy B yMoBaXx rmubokux MeTaboniyHmx
posnagis, xapaktepHux ansg LIA2. 3aysBaxumo, Wwo nep-
CcnekT1Bamm Ans noparnbLunx JOCTiMKeHb € KOMBIHOBaHe
BUKOpUCTaHHsI 060X amiHOK1COT 3a ymoB LA2.

BucHoBKH

1. PO3BUTOK €KCMEPUMEHTANBHOTO LIyKPOBOTO AiabeTy
2 TMny Npn3BiB 40 BUPAXEHOI MiNepTPOdIUHOI CTPYKTYPHOT
peopraHisajii Miokapaa niBoro LUMyHO4Ka 3 MOPYLUEHHSM
S0EPHO-LMTONNA3MAaTUYHOTO CTIBBIAHOLIEHHS! | 3HVKEHHSAM
LLiNbHOCTI KapaioMioLMTIB.

2. BBegeHHs L-apriHiHy YYMHUNO KaphionpoTekTUBHY
Ailo, WO NposiBRANOCS CTPUMYBaHHSAM MpoLeCiB Aia-
6eT-iHaYKOBAHOrO rinepTPOgiYHOro pemMoaentoBaHHs 3i
3MEHLLEHHAM SAEPHO-UMTONIa3MaTUYHOrO KoedillieHTa i
30iMbLUEHHSM LINbHOCTI KMITUH Ha 1 MM? TKaHWUHN.

3. acrocyBaHHs N-aueTun-L-uucTeiy mano binbLu Bu-
paxeHuit echeKT NOpiBHSAHO 3 L-apriHiHOM, ONTUMi3yBaBLUM
6anaHc MiX SAEPHUM i LMTONNasmMaTu4HAM KOMMapTMeHTa-
MU CTPOMM, €CHEKTUBHO BiHOBMBLUM FiCTOMOMYHY LUiMbHICTL
KMiTUH Ha 1 MM? TKaHUHU.

®iHaHcyBaHHA

AoCAiAKEHHS NPOdiHaHCOBaHO HawjioHaAbHUM GOHAOM AOCAIAXEHb
YKpaiHu B pamkax NpoexTy «KoHKypc rpaHTis MpeauaeHTa Ykpaiu

Ha NIATPMMKY HayKOBMX AOCAIAXEHD Ta PO3POOOK MOAOAKX BUEHMX —
AOKTOpIB Ginocodii / kaHamAaTIB Hayk», Ne 2025.05/0004 «KopekLis
CTPYKTYPHOI Ta GyHKLiOHaAbHOT nepebyaoBu MiokapAa Npu AlabeTnyHin
Kapaiomionarii LWASXOM NPeLu3iiHOT LiAecnpsAMOBaHOI MOAYASILL
MopyLLEHb razotpaHcmiTepHoi cuctemn NO», porosip Ne 281.05/0004
Bia 01.04.2026 poky.
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OpwuriHaAbHI AOCAIAXKEHHS

Xapakrepuctuka ekcnpecii COX-2 i Nf-kB Ta yAbTpacTpyKTypHi 3MiHU
B 6a3aAbHOMY MarHOLLEAOAIPHOMY AAPi FOAOBHOTO MO3KY LLypiB

nicaf iHTpaLepebpoOBEeHTPUKYAAPHOrO BBEAEHHA KOAXILIMHY

M. B. AaHykano®A-F, C. . TepTMLIHMADBCE

3anopi3bknii AepxaBHWUI MeAUKO-GapMaLeBTUYHUI YHIBepCHTET, YKpaiHa

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Mera poboty - HapaT komnnekcHy ouiHky ekcnipecii COX-2, NF-kf Ta ynktpacTpyKTypHUX 3MiH y 6a3anbHOMY MarHoLemnionspHoMy
A0pi FONOBHOTO MO3KY LLYpIB Nicnst iHTpaLepebpoBEHTPUKYNSPHOMO BBEAEHHS KOMXILIMHY.

Marepiaam i metoau. [locnigxeHHs BukoHaHo Ha 30 camusx Lwypis niHii Wistar Bikom 10-11 micsuis, nogineHnx Ha iHTakTHy,
xubHoonepoBaHy (iHTpauepebpoBeHTpukynspHe (IL|B) BBegeHHs disionoriyHoro posunHy) Ta konxiumHosy (ILB iH'ekwis 15 mkr
konxiumHy) rpynu. Excnpecito COX-2 ta NF-kB y 6azansHomy marHouentonsipHomy sapi (BMA) ronoBHOro Mosky TBapuH Yepes 2
TWXHI nicns IL|B BBeAeHHs KONXiLMHy OLiHIOBanu METOAOM iMyHOyopeCLEHTHOT MiKpockonii 3a AoNoMOroto nporpamy Imaged
3 0BYMCrEHHSM CKOpMroBaHoi 3aranbHoi cnyopecueHuii knituH (CTCF), nnowi Ta iXHbOI WinbHOCTI. YNETPacTpyKTYpHI 3MiHK
TKaHWHM TONIOBHOMO MO3KY (HEMpPOAECTPYKLItO, rMio3, MOLUKOMKEHHS MiENiHOBUX 0BOMOHOK) aHanidyBanu Ha TpaHCMICINHOMY
enekTpoHHomy Mikpockoni MEM-100-01. CtatncTyHo AaHi onpautoBanm 3 3actocyBaHHaM kputepiis One-Way ANOVA (a6o
Kpackena—Bonnica), post-hoc ananisy Teloki (abo [aHHa), kopensuii MipcoHa (r), Tay-KeHganna (7), niHiiHoi perpecii, a Takox
koBapiauinHoro aHanidy (ANCOVA) npw pisHi 3HadywocTi p < 0,05.

Pesyabtatn. Y BMA wypie nicns ILIB BBeAeHHs! KONXiLMHY BCTAHOBNEHO CTAaTUCTUYHO 3HaYyLLe 3MeHLweHHs nnowi COX-2- Ta
NF-kB-no3nTuBHUX KNiTUH, piske 30inbLUEHHS IXHBOI LLiNbHOCTI Ta Nnepebynoy exkcnpecii gocnimkysaHnx mapkepis. [ng COX-2
XapaKTepHe Tpupa3soBe 30iNbLLUEHHS KiNbKOCTi iIMyHONO3UTUBHUX KNiTUH 6€3 NiABMLLEHHS iHTerpanbHOT IHTEHCUMBHOCTI ¢hriyopec-
ueHuii, a ans NF-kB BUsiBNeHo i 36inbLUEHHS LLiNbHOCTI MO3UTUBHIX KIITWH, | 3pOCTaHHs piBHA ekcripecii. KoBapiauiiHuin aHania
NiSTBEPAMB HE3aNEXHWIA BNNWB KOMXILMHOBOTO YLIKOZXKEHHS Ha eKcrpecito 060X Mapkepi. Ha ynbTpacTpyKTypHOMY piBHi BUSIB-
NEeHO BUpaXeHy Bakyoni3aLjito Herponinto, akTueaLlilo ayTodariyHoO-Mi30COMHUX NPOLIECIB, NOCUIEHHS haroLMTapHOi akTUBHOCTI,
[EeCTPYKLit0 MiENiHOBMUX 0O0MOHOK i HAbPSIK aKCOHIB.

BucHoBku. KonxiuuH-iHoykoBaHa HelpoaereHepaLlisi CynpoBOMKYETbCA PO3BUTKOM BUPAXEHOrO HerposanarbHOro npouecy B
BM#, wo nposiBnsieTbes akTuBaLiero curHanbHux wnsxis COX-2 i NF-kB, MopdomeTpuyHoto nepebynoBoto KniTMHHOTO cknaay
Ta iCTOTHAMM YNbTPACTPYKTYPHUMM 3MiHAMV HEPBOBOI TKaHUHW. BusiBneHi 3MiHM CBig4aTb NpO BaXMBY porb Npo3anarbHNX
MEXaHi3MiB y naToreHesi KonxilWH-iHayKOBaHOrO HEMPOLEreHePaTNBHOTO YLLKOMKEHHS TOIOBHOTO MO3KY.

KatouoBi cnoBa:
Helipo3ananeHHs,
COX-2, NF-kB,
KOAXILUMH, TOAOBHMU
MO30K, EAEKTPOHHA
MiKpoCKonisi.
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COX-2 and NF-kB expression and ultrastructural alterations
in the basal magnocellular nucleus of the rat brain
following intracerebroventricular colchicine administration

M. V. Danukalo, S. . Tertyshnyi

Aim. To provide a comprehensive assessment of cyclooxygenase-2 (COX-2) and nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) expression as well as ultrastructural alterations in the basal magnocellular nucleus (BMN) of the rat brain
following intracerebroventricular administration of colchicine.

Materials and methods. The study was conducted on 30 male Wistar rats aged 10-11 months, allocated into three groups (n = 10
per group): intact, sham-operated (intracerebroventricular administration of 0.9 % saline), and colchicine-treated (intracerebroven-
tricular injection of 15 g colchicine). The expression of COX-2 and NF-kB in the BMN was evaluated using immunofluorescence
microscopy and ImageJ software by calculating corrected total cell fluorescence (CTCF), cell area, and cell density. Ultrastructural
alterations in brain tissue, including neurodegeneration, gliosis, and myelin sheath damage, were examined using a PEM-100-01
transmission electron microscope. Statistical analysis was performed using one-way analysis of variance (ANOVA) or the
Kruskal-Wallis test (applied according to normality test results), Tukey’s or Dunn’s post hoc test, Pearson’s correlation coefficient
(r), Kendall's tau (T), linear regression analysis, and analysis of covariance (ANCOVA), with a significance level set at p < 0.05.

Results. In the BMN of rats subjected to intracerebroventricular colchicine administration, a significant decrease in the area of
COX-2- and NF-kB-positive cells, a marked increase in their density, and substantial alterations in marker expression were ob-
served. COX-2 expression was characterized by an approximately 3-fold increase in the number of immunopositive cells without
a concomitant increase in integrated fluorescence intensity, whereas NF-kB demonstrated both an increased density of positive
cells and enhanced expression levels. ANCOVA confirmed an independent effect of colchicine-induced injury on the expression
of both markers. Ultrastructural examination revealed pronounced neuropil vacuolization, activation of autophagic-lysosomal
processes, enhanced phagocytic activity, myelin sheath degeneration, and axonal edema.
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Conclusions. Colchicine-induced neurodegeneration is accompanied by the development of a pronounced neuroinflammatory
response in the BMN, manifested by activation of the COX-2 and NF-kB signaling pathways, morphometric remodeling of the
cellular population, and profound ultrastructural alterations in nervous tissue. These findings indicate an important role of pro-in-
flammatory mechanisms in the pathogenesis of colchicine-induced neurodegenerative brain injury.

[ereHepaLis HelpoHiB 6a3anbHOr0 MarHOLEMoNsapHOro
aapa (BM£) ronoBHOro Mo3Ky € BaXKIMBUM KOMIMOHEHTOM
Y BUHUKHEHHI Ta NPOrpecyBaHHi AeMEHLI Npu HU3Li Hel-
poJereHepaTMBHIX CTaHIB, SK-0T XBopobu AnblreiiMepa
Ta apkiHCOHa, aemeHLUia 3 Tinbuamu Jlesi, XpoHiuHe
TpaBMaTu4He ypaxeHHs Moaky [1,2,3,4].

BpaxoBytoun BaxnvBe MeanKo-CoLjanbHe 3Ha4YeHHs
LIMX NaTomNorii, BUBYEHHS NaTOreHETUYHMX LUMSXIB 3arvbeni
HEVPOHIB Ha EKCNEPUMEHTaNbHUX TBAPUHHWX MOLENsX
[lae 3MOory OLiHWTY 30aTHICTb HOBWX MiAXOAIB 40 TapreTHoI
HevponpoTekLii Ans 36epexeHHs nonynsLjii XoniHepriyHnx
HelipoHiB BMA. Lle, cBoeto Yeproto, po3Lumptoe Ta pobutb
eeKTVBHILLMMW J0AATKOBI CyyacHi Nigxoam [0 KOHTPOMO
LmMx XBopoO, Ha 3pa3ok enekTpodisionoriyHoi rmmookoi
cTUmynsii Mo3ky [5].

OpnHum 3i cnocobiB BIATBOPEHHS AEMEHLT anbLreiive-
PIBCLKOrO WMy € TBApYHHA MOAENb 3 iHTpaLepebpoBeHTpM-
kynsipHum (ILIB) BBeAeHHAM konxiuwHy [6]. HuHi nokasaHo,
L0 eKcrnepuMeHTanbHe KOMXILWH-iHAYKOBaHE ypaXeHHs
HEVPOHIB CyMPOBOXKYETLCS PO3BUTKOM HEpO3ananeHHs
B8 BMA, L0 € cninbHOK0 NaHKOK NaToreHesy Mix chopmo-
BaHWM MaTomnoriyHMm CTaHOM Ta XBopoOoto ArnbLireiivepa.
ToMmy y HU3Li Npaub HayKOBWIA IHTEpPeC 30CepemlKeHo Ha
BMBYEHHI 0COBNMBOCTEN eKCMPECii Npo3ananbHIX LMTOKIHIB,
LLIO BNIMBAKTH Ha PO3ropTaHHs Ta nepebir HerpogereHe-
paujii yepes 3ananeHHs npw ILIB BBeaeHHi konxiumHy [7].
Mporte gocnigpxeHb, NpUCBSYeHNX nepebiry HelposananeH-
Hs1 B BMA 3a fii konxiuyHy, Ha cboroaHi 0bMarnb, OCKiNbKM
y GinbLIOCTi npaub ONMUCaHo iHWi CTPYKTYpW, 30Kpema
rinokamn [8].

AKTyanbHUMU B LbOMY KOHTEKCTi 3anuwiaiTbes
[OCnimKeHHs ekcnpecii uuknookeureHasu-2 (COX-2) Ta
apepHoro ¢aktopa kanna 6i (NF-kB), ockinbku came us
MOEKYNspHa BiCb Bigirpae hyHaameHTanbHy ponb Yy Xpo-
Hi3auii 3ananeHHs Ta 3anycky Hempoaerexepadii [7,9,10].
Ha BigmiHy Big KOHCTUTYTUBHOI i30dopmu COX-1, wo
3abesnevye 6a3oBi isionorivyHi yHKuii, ekcnpecia
COX-2 pi3ko nocumoeTbCS Nif BNAMBOM Npo3ananbHnX
CTUMYNIB | B HEMpOHaX, i B peakTuBHii mikpornii [11].
ExcnepumeHTanbHi gaHi ceigyatb, Wwo ILB BBegeHHs
KOMXiLMHY aKTUBYE Kackap, Y SKOMY iHTEHCUBHICTb
HelipoAereHepaTUBHKUX 3CYBIiB i KOTHITUBHO-NOBELiHKO-
BMX PO3nagiB YiTKO KOPEMNOE 3@ YaCOM i3 HapOCTaHHAM
aktneHocTi COX-2 i rinepnpoaykuieto npo3ananbHoro Me-
Aiatopa npoctarnananHy E2. BaxnusicTb LbOro eHsumy
nigTBEpAXKEeHa TUM, LLO 3aCTOCYBaHHS | HecneuuiyHuX, i
cenekTuBHMX iHribiTopis COX-2 CNpusie 3HUKEHHIO PiBHSA
OKCMZATUBHOIO W HITPO3AaTWBHOTO CTPECY, 3MEHLUEHHIO
BMPaXeHOCTi XpoMaTosidy Ta 3anobirae 4ecTpyKuii Hep-
BOBOI TKaHUHW [7,12].

TONOBHUM TPaHCKPUNLIAHUM perynsTopom, o 6es-
nocepeaHb0 KOHTPOMIE iHaykuito reHa COX-2 3a ymoB
Heipo3ananerHs, € NF-kB, 3okpema 1ioro retepogmmep
p50/p65. Y disionoriyHomy ctaHi NF-kB micTutbCs B
uuTonnasmi y 3s’a3aHomy 3 iHribitopHumu Ginkamm (IkB)
cTaHi. [poTe HepoTOKCUYHA fist KOMXIiLMHY, NoB'sA3aHa 3
Jenonimepu3allieto MikpoTpyBo4oK, Konancom akconnasma-
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TUYHOTO TPAHCMOPTY Ta reHepaLiieto akTUBHUX (DOPM KV ICHIO,
iHiLitoe dhocchopunioBaHHs Ta ferpaaadito [kB. 3BinbHeHu
NF-kB TpaHCNOKYeTbCS B AP0 KNITUHM, € 3B'A3YEThCS 3i
cneLmiYHMMM PoMoTOpHUMM AinsHkamu [HK, akTusyoun
MacuBHy TpaHckpunujto He nuwe COX-2, ane i iHwwmx
npo3ananbHux reHie, Megiatopis (iHoyLMbenbHoI CrHTasun
okeugy asoty, iINOS) ta mikpoPHK (mikpoPHK-146a Ta
MikpoPHK-155), wo nigTpumytoTb 3ananbHuin deHoTmn
knituH [9,13].

[Monpw kntovoBe 3HaveHHs kackapy NF-kB / COX-2 y
PO3BUTKY HEWpPOIHTOKCKKALL, MPOCTOPOBO-TONOrpadiyHi
0CcobnMBOCTI Ta KinbkicHa AnHaMika iXHbOT ekcrpecii 6e3no-
cepefHbo y cTpykTypi BMA 3a yMOB konxiLMHOBOI Mogeni
[JeMeHLjii 3an1LIaTbcs HeBigOMUMI. TakoX HeQOCTAaTHBO
[aHuNX LLOAO YBTPaCcTPYKTYPHUX 3MiH MIKpOOTO4EHHS BMA,
30KpeMa CTaHy MieniHoBKX 0BOMOHOK Ta akTKBaLlii Mikpo-
rMiouMTIB i3 haroLTapHUMM BKIKOYEHHAMM, LLO Besnoce-
penHbLO B3aEMOZIIOT i3 XONIHEPriYHUMM MaKpPOHEPOHaMM
MiZ Yac 3ananbHoro MpoLecy.

MeTta po6oTtu

Hapatu komnnexcHy ouinky ekcnpecii COX-2, NF-kf ta yrb-
TPaCTPYKTYPHWX 3MiH Y 6a3anbHOMY MarHoLEentonspHoMy
SApi rOMoBHOIO MO3KY LUYpIB Nicns iHTpaLepebpoBeHTpr-
KyNSPHOTO BBEAEHHS KOMXILMHY.

Martepianu i meToAM AOCAIAKEHHA

Y nocnigxeHHi BukopucTanu 30 camuis wypis niwii Wistar
Bikom 10—11 micsuis i 3 macoto 250-350 r. TBapuH yTpumy-
Banu 3a CTaHAAPTHWX YMOB BiBapito HaB4anbHO-HaykoBOro
MeaMKo-nabopaTopHOro LIEHTPY 3 BiBapiem 3anopi3bkoro
[epKaBHOro MeauKo-hapMaLeBTUYHOrO yHiBepcuTeTy. Po-
60Ty BUKOHAHO Nicnst OTpUMaHHs 1o3Bony Komicii 3 nutaHb
6ioeTnkm npu 3anopisbkoMy fepxaBHOMY Meauko-thapma-
LIeBTMYHOMY yHiBepcuTeTi (npoTokon Big 15 6epesHs 2023
poky Ne 2) Ta BignoBigHO A0 HaLioHambHWUX «3aranbHuX
€TUYHWX NPUHLMNIB po6OoTH 3 NabopaTOpHUMI TBAPUHAMIY»
(Ykpaiha, 2001), wo signosigatots AnpekTtusi €C 2010/63
Bi 22.09.2010 Lwono 3axucTy TBAPWH, BUKOPUCTAHUX Nifg
yac HayKoBUX AocnimkeHb. Matepianu, HaBegdeHi y L
cTatTi, 6ynm NOBTOPHO PO3rNsHYTI Ha 3acifaHHi NIoKanbHOT
Kowmicii 3 nuTaHb 6ioeTviku, NopyLUeHb He BUSIBMEHO (Mpo-
Tokon Big 11 yepsHs 2026 poky Ne 9).

pynu ekcnepymenTanbHux TBapuH. LLlypis paHaoMHo
noainunmn Ha 3 ekcnepumeHTansHi rpynu no 10 ocobuH y
KOXHii. [10 1 rpynu 3any4nnu iHTaKTHUX TBApWH, LLO He 3a-
3HaBanu XXO4HOrO BNMBY; A0 2 rpyni — X1BHOONepoBaHUX
TBapwH, skum ILB BBoannu tennni (37 °C) disionoriyHnia
posunH NaCl B o6’emi 3 mkn; go 3 rpynu — wypis 3 ILIB
iH'ekuieto konxiumny (15 mkr/3 mkn NaCl) (37 °C).

MaHinynsuito 3 ILB BBegeHHS KOMXIiUWHY BUKOHAHO
B onepauiiHiin HaB4anbHo-HaykoBoro megvko-nabopa-
TOPHOrO LIEHTPY 3 BiBapieM 3anopi3bkoro AepxaBHOMo
MeZaVKo-hapMaLEBTUMHOTO YHIBEPCUTETY, AOTPUMYKOUMCh
npaBun acentuku. AHecTesito 3abeanedyBanu BHYTPILL-
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OpwuriHaAbHI AOCAIAXKEHHS

HbOOYEPEBWNHHUM BBELEHHSM npenapaty «Tenason»
(kombiHauia TineTamiHy rigpoxnopuay Ta 3onasenamy
rigpoxnopuay no 250 mr y conakoni) 3 pospaxyHky 0,1 mn
Ha 100 r macu Tina.

[ns onepadii IL|B BBEAEHHS 3acTOCOBYBany LIcHpoBuUiA
crepeotakcuyHuin komnneke World Precision Instruments
(CLUA). Y naTeparnbHuid LWyHO4YOK MO3KY LLypaM BBOAMMM
abo disionoriyHuii po3unH NaCl, abo po34nH KonxiumHy
(3anexHo Big rpynu) 3a Takumm koopanHatamm: 9,5 Mm yne-
pen BiZ MXBYLLHOI NiHiT, 1,5 MM npaBopyu Bif cepeanHHol
MAOLWMHK, 6 MM Y rInBUHY.

ToyHo Micue iH'eKUii BU3HaA4YanM 3 BUKOPUCTAHHSIM
CTEPEeOTaKCUYHOI CUCTEMU OpieHTaUil, WO rPyHTYETbCS
Ha 30BHILLHIX aHaTOMIYHUX OpiEHTMpax Yepena Ta ixXHin
BiZINOBIZHOCTI JaHUM CTEPEeOTaKCUYHOrO atnacy Mo3ky
wypa [14].

MiproToBKa TKaHWHK MO3KY A0 iIMyHO(NyOpecLEHTHOro
BocnimkeHHs. BuBeaeHHs TBAapuH 3 ekcriepuMeHTy Bifoy-
Basiocb yepes 14 gHis nicnsa npouenypy ILIB 3 HacTynHow
LLUBWIKOK eKCTPaKLieto ronoBHOro Moaky. flicns usoro B
AiNsHLi BEHTpOMeELianbHOro nanigymy Buainsnv oparmen-
TV TKaHWHK po3mipom 3 x 3 x 3 mm. OTpuMaHuin Matepian
nigaasanu cTaHgapTHOMY riCTONONYHOMY NPOLIECUHIY, SIKWI
BKITI04AB (hikcaLlito, NOeTanHy Aerigparadito B cepii eTaHo-
MOBMX PO34MHIB i3 KOHLEHTpaLliEt, Lo 36inbLuyBanacs.
Hapani 3pasku 06pobunu B cymilLiax abComtoTHOrO eTaHomy
3xnopocopMom y criBeigHOLWEHHsX 2:1, 1:1 Ta 1:2, a Takox
Yy YncTomy xropohopMi i XxnopohopMHO-NapannacToBoMy
cepenosuLLi. licns Lboro 3pasky iHgINLTpyBanu Ta 3anu-
Banu B napannact (McCormick, CLLUA). 13 BurotoBneHux
napannacTosux 6rokie Ha Mikpotomi Microm-325 (Microm
Corp., HimewunHa) oTprmMyBanu cepiliHi 3piau ronoBHOro
MO3Ky 3aBTOBLLKM 7 MKM. AHaTOMi4HY nokanisaLito 3pi3is,
Lo signosiganu BM#, Bu3Ha4yanm 3 BUKOPUCTaHHSAM CTe-
peoTakCU4HOro atnacy Mo3ky Lypa [14].

Ekcnpecito COX-2 i NF-kB y Heponax BM#A ananiay-
Banv METOAOM iMyHOryopecLieHTHOI Mikpockonii. licTono-
ri4Hi npenapaTv nonepeaHso nigaasanv aenapadiHyBaHHI
Ta perigparalii; HacTynHui eTan nepenbayas femackyBaH-
Hst aHTureniB y mopyni PT (ThermoScientific, CLLA) 3 Buko-
pucTaHHam uuTpatHoro Bydepa (pH 6,0) (ThermoScientific,
CLUA). Micnsa nigrotoBku 3pi3iB Ha HUX HAHOCWMKM CreLm-
(iYHi MULAYi MOHOKMOHAaMbHI aHTUTINA, KOH'IOroBaHi 3
¢pnyopodcpopom FITC (Santa Cruz Biotechnology, CLUA),
BiOMOBIAHO 10 pexoMeHAaLin BupobHuka [15].

IMyHOGbTyopecLieHTHy Bidyanidauito 34iNCHUNM B yrb-
TpadpioneToBOMY Aiana3oHi 3a 4ONOMOro CBITNoinsTpa
38HE 3 Bucokoto emicieto Ha mikpockoni Axiolmager-M2
(«Carl Zeiss», HimewumHa), wo obnagHaHuin kamepoto
AxioCam-ERc 5s («Carl Zeiss», HimewunHa). OTpumani
MiKpOGhOTO3HIMKM aHani3yBanu y nporpami Imaged, BusHa-
yatoum Taki napameTpu:

— CKOpWroBaHa 3ararbHa KniTuHHa (yopecueHLis
(corrected total cell fluorescence, CTCF) — nokasHuk, LU0
XapaKTepuaye KinbKicTb iMyHOPEaKTUBHOrO martepiany B
KNiTUHI. 3HAaYeHHS HABOAWMM B YMOBHUX OOMHULSX iMy-
HodbnyopecuieHii (Og, qj) Ta obumcnoBany 3a hopmynoto:
CTCF =D, = (S x ID,), me ID, - iHTerpoBaHa LLiNbHICTb
CvrHany Bif iMyHOMO3UTWUBHOI KITiTWHK, BU3HAYeHa aBToMa-
TUYHO; S — NroLLa KNiTUHK, Lo AaBana (ryopecLEeHTHN
curHan; ID, - iHTerpoBaHa LLinbHICTb dryopectieHLii poHy
(KNiTUH, L0 He NPOSBAANM CNELMMIYHOrO CBITIHHSA);
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— LWiNbHICTb IMYHOMO3WUTUBHMX KIITUH Y NIOWi Kagpy
(kn/mm2) BU3HAYaNM K KiNbKiCTb iMYHOMOSUTUBHIX KMiTUH
Ha ofuHMLLO Nrowwi kagpy (MM?);

— NnoLya iMyHoMo3nTMBHWX KNiTuH (AREA).

MNigroToBka TKaHWHW MO3KY 10 €NIEKTPOHHOI MiKpPOCKO-
nii Ta yNbTPacTPyKTypHe JOCHIMKEHHA FONOBHOMO MO3KY
ekcnepuMeHTanbHUX TBapuH. beanocepeaHbo micns 3y-
MWHKM CepLst y TBAPWH BUIyYani rofioBHMiA Mo3ok. Mepen
noyatkom Bigbopy biomartepiany 3paskv BUTpUMyBanu 3a
Temnepatypu 25 °C y 6a3oBomy chikcatopi Ans enekTpoHHoT
mikpockonii. Lieit po3unH micte 2,5 % rnytapansgerigy
(BupobHuuTBa Alfa Aesar, Thermo Fisher Scientific),
npuroTosaHoro Ha 0,1 M ¢occratHomy Gycepi, pH = 7,4.

3 ZinsHKM BEHTpOMedianbHOMo nanigymy BuUainsamm
(bparMeHT TKaHWHK, pPO3Mip SKUX HE MepeBHuLLyBaB
1 x 1x 1 mm. [lani 6nokn Ha 2 roguHy nomilanu y mogu-
dhikoBaHMIN Caxapo30t0 aHANOTYHWIA GIKCYBanbHUIA PO3YNH,
nigTpumytoun Temneparypy 4 °C. Hagani o6'ektu gikcy-
BasM NPOTAroM 2 roguH 3a gonomoroto 1 % yotupurokmcy
ocmito y chocpatHomy Bychepi (npu t = 4 °C).

Mpouenypa aerigpatauii TkaHuH nepegbayana no-
CNiJOBHE MPOBELEHHS Yepe3 CEPil0 PO3YMHIB eTaHony
3 KOHUeHTpauieto, Wwo nigsuwyetbes (o 100 %). KoH-
TpacTyBaHHs 3pa3kiB 3AjilCHIOBany 3a Temneparypu 4 °C
YNPOAOBXK 2 rOAWH, BUKOPUCTOBYIOYM Ans Lboro 2,5 %
CMMPTOBUIA PO34MH ypaHinauerary.

Micns s3HeBoAHeHHS MaTepian nigaasany iHdinsTpauii
yepes rpafieHTHi CyMili aueToHy Ta cmonu Epon-812 y
nponopuiax 2:1, 1:1 Ta 1:2 BignoeigHo. KiHueBy 3anuBky
nposoaunu B enokcuaHy cmony Epon-812 (Big Sigma-
Aldrich Chemie, GmbH, TaydkipxeH, HimeuunHa). Mpouec
noniMmepw3aii Binbysascs noetanHo: cnoyatky npu 36 °C
npotarom 12 roguH, a notiM — npu 56 °C ynpopoex 24
roavH. BUrotoBneHHs HaniBTOHKVX (3aBTOBLUKW 1-2 MKM)
Ta yNbTPaTOHKMX (3aBTOBLUKM 55-65 HM) 3pi3iB 3aiNCHIO-
Banu Ha ynerpamikpotomi PowerTome RMC Boeckeler
(Bpo6HMuTBO CLLIA). HacTynHe KOHTpacTyBaHHs TpuBa-
no 30 xBunuH 3a Temnepatypu 25 °C i3 3aCTOCyBaHHAM
LmMTpaTy CBMHLIKD 3a METOAOM PerHonbaca. YNbTpaToHKi
3pi3n aHanisysanu nig Hanpyroto 65 kB 3a gonomoroto
TPaAHCMICIHOrO enekTpoHHoro Mikpockona MEM-100-01
(«Selmi», m. Cymu, YkpaiHa). B oTpumaHux y Takui
cnoci6 npenaparax OLiHIOBaM HasiBHICTb aKTUBOBAHKX
MIKpOrNioLMTIB i3 haroLMTapHUMK BKNIOYEHHAMU, HENPO-
[eCTPYKLUii Ta 03HaK NOLIKOZXXEHHS MiENIHOBOT 0BONOHKM
HEPBOBUX BOMOKOH.

CTaTUCTUYHMIA aHani3 oTpUMaHUX pe3ynbTaTie 3ailic-
HUMW 3 BUKOPUCTAHHAM NakeTa NpUKNagHWX nporpam
Statistica (niuensia Ne JPZ8041382130ARCN10-J). Ons
nepesipkyv TUNY PO3MOIY KirbKiCHNX 3Ha4€Hb 3aCTOCOBAHO
kpuTepii HopmanbHocTi Lanipo-Binka Ta Konmoropoa—
CwmupHoBa (3 nonpaskoto Jliniecopca). faHi 3 HopmarbHAM
PO3MOAINOM HaBEAEHO 5K CepeaHe apuMETUYHE 3HAYEHHS
Ta CTaHgapTHa noMunka cepenHsoro (M + m); SKLo pos-
nogin 3Ha4YeHb He BiANOBiZaB KpUTEPISM HOPMarbHOCTI, TO
[aHi HaBOAWMYM SIK MegjaHy 3 iHTEpPKBAPTUIbHUM PO3MaxoM
(Me [Q1; Q3]). OuiHtoBaHHA MDXIPYNOBWX BiMIHHOCTEN i
MOPIBHSIHHS KiNbKOX rpyn OAHOYACHO BUKOHAMM 3a A0MOMO-
rol o0fHOaKTOpHOrO AucnepciiHoro aHaniay (One-Way
ANOVA) 3 HaCTynHWUM 3aCTOCYBaHHSAM KpuTepito Thioki Ans
[aHuX i3 HopManbHVUM PO3MoziNoM abo HemapameTpUYHOTo
aHanisy Kpackena—Bonnica 3 kputepiem [laHHa, konu pos-
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nogin He BignoBiaaB 3akoHy HOPMAnbHOCTI, 4Ms MONAPHUX
post-hoc NopiBHSAHb i MiHIMI3aLlii NOMUIKK NepLUIOro pogy
MPY MHOXMHHMX 3iCTaBNEHHSX. [1ns BCTAaHOBNEHHS Xapak-
Tepy 3B'3Ky MiX nnoeto knituH (AREA) Ta iHTerpansHoto
iHTEHCVBHICTHO iXHBbOrO CBITIHHA (CTCF) 3giiicHMnM okpemuin
[ANS KOXHOI eKCnepUMeHTanbHOI rpynu KopensLinHui aHa-
ni3 3 obumcneHHam koediuieHTis MNipcoHa (r) Ta Kengana
(7). BisyanisaLito Ta oLiHtOBaHHS MiHIAHOT 3anekHOCTI napa-
METPIB BUKOHANV LLNSXOM NoByAoBM 4BOBUMIPHUX rpaddikia
poacitoBaHHs (2D Scatterplots) 3 HaknagaHHAM NiHIAHYX pe-
rpecinHux Moaenein. [ins octaTo4HOro HiBEMoBaHHS CynyT-
HBOrO KOH(YHAYBANBLHOrO BMANBY MOP(OMETPUYHIX 3MiH
Ha NiACYMKOBY iHTEHCUBHICTb doryopecLieHLii 3aCTOCOBaHO
OOHOBUMIpHWI KoBapiaLinHuii aHanisa (ANCOVA) y mexax
3aranbHuX NiHinHrx mogenen (GLM). Y nobynosanin mogeni
nokasHuk CTCF — 3anexHa 3miHHa, ekcriepuMeHTanbHa
rpyna — kateropianbHuin daktop (Predictor), a nnowa
knituHn (AREA) — 6e3nepepsHa koBapiaHTa (Covariate).
KpuTu4HUI piBeHb CTAaTUCTUYHOT 3HAYYLLIOCTI NpyW NepesipLi
HyrnbOBUX riNoTE3 BCTAHOBNEHO sk p < 0,05.

Pe3yabTati

Yepes 14 gHi nicns LB BBeAeHHs! KONMXILMHY B pesymnb-
TaTti onyopecLeHTHoro aHanidy ekcnpecii COX-2 i NF-kB
BCTAHOBIEHO YiTKY 3aNeXHICTb MOPOMETPUYHIX (Mo
iMyHOMO3UTUBHUX KNiTWH) Ta onTyHKX (CTCF) napameTpis
ekcrnpecii foCNifpKyBaHNX Npo3ananbHuX LUTokiHIB y BMA
Bif] XapaKTepy eKCriepuMeHTanbHOro BrvBY.

Mpw aHaniai nnoLwi imyHonoauTneHUx 4o COX-2 kniTuH
BMA BusieneHo, wo y TeapuH 3 ILB e eHsum ekcnpecy-
€TbCH Y KMITUHAX 3i CTATUCTUYHO BIPOTiAHO MEHLLOO NMo-
LLEt0, HiXK Y TBAPUH 3 iHTaKTHOI Ta XMBHOONEPOBaHOI rpyn.
Tak, cepeaHs NnoLua iMyHOMO3UTVUBHVX KITITUH y rpyni 3 ILIB
BBEEHHAM KOMXiLMHY XapakTepuayBanacs CTaTuCTUYHO
BipOTiAHUM 3HMXeHHAM Ha 38,3 % LLOAOo rpynu iHTaKTHOro
KOHTpOrio Ta Ha 41,5 % NOpIBHSHO 3 rpynoto XmbHoonepo-
BaHX TBapUH. CBOEIO YEPIot0, Mixk NOKa3HUKaMU IHTaKTHWX i
XWMBHOOMEPOBAHMX LLYPIB CTATUCTUYHO 3HAYYLLY BIAMIHHOCTI
He BCTaHOBIIEHI.

KinbKicHUI aHani3 Hakon14eHHs iMyHOpeaKTUBHOrO Ma-
Tepiany B KNiTWHaX Noka3as rpynocneundiyHi BigMiHHOCTI..
HaiiBuwnii piseHs CTCF 3adikcoBaHo y xnbHoONepoBaHmx
LLypiB, A Liei nokasHuk Ha 35,7 % nepesuLLyBaB 3Ha4EHHS
iHTaKTHOI rpynu. [MpoTe B rpyni TBAPUH 3 eKCiepuMeHTasb-
HOI0 HeipoaeCTpPYKLUiEio Liel napameTp Maibke Bianosigas
PIBHIO IHTAKTHOTO KOHTPOHO, arne Mpyu LibOMY CTaTUCTUYHO
BiporigHo 3Hu13uBcs (Ha 25,0 %) wopo rpynu xubHoonepo-
BaHUX TBapUH.

HarcyTTeBili 3MiHM nig BNIYBOM KONMXILMHOBOI Hel-
POTOKCUYHOCTI 3adhikcoBaHo Wwoao KinbkocTi COX-2-no-
3UTMBHUX KNITUH Ha oguHULI0 nnowli BMA. Y wypis, skum
BMKOHaHO ILIB iH'eKwUit0 KONXiUmHY, WinbHICTb iMyHOMO3K-
TUBHWX ENEMEHTIB NOPIBHSAHO 3 IHTAKTHUMMW TBapUHaMK
30inbwmnacs Ha 228,6 % (6inbL Hix y 3,2 pasa), a nopis-
HsIHO 3 XbHoonepoBaHMK — Ha 203,8 % (yTpudi). Pasom i3
TUM, PIHALIA MK rpynamu iHTaKTHWX Ta XMGHOONepoBaHMX
TBapVH 3a UMM MapameTpoM CTaTUCTUYHO He BiporigHa
(mabn. 1).

AHani3 KopensaLiNHOI 3aneXHOCTI MiX NIOLLEH KIITUHM
Ta iHTerpanbHo iHTeHcuBHICTIO dnyopecueHuii LIOT-2
(CTCF) paB 3mory BMSIBUTW CTaTUCTUYHO LOCTOBIPHUN
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(p <0,05) NO3MTNBHMI 3B'A30K B iHTaKTHIX TBapuH (r = 0,3),
xnbHooneposaHrux (r = 0,60), Ta B wypis 3 ILIB BBeaeHHAM
konxiuuHy (r = 0,71). 3i 36inNbLUEHHAM MOLWi KNiTUH BU-
3Ha4anu TeHaeHLito 0o nigBuieHHst 3HadeHb CTCF, wo
NiATBEPAKEHO MO3NTUBHAM HAXMMOM MiHil perpecii. Mpwn
LibOMY B KOMXILMHOBII rpyni 38'A30K GirnbLL BUPaXeHuid, npo
LU0 CBiAYNTL BULLMIA KoediLlieHT kopensuii Ta GinbLu viTke
rpynyBaHHs TOHOK Y3[0BX perpecinHoi npsiMoi. Kpim Toro, y
Liint rpyni BU3Ha4eHo binbLuy BapiabenbHiCTb 3HaveHb CTCF,
0cobrn1Bo cepen KIiTVH i3 BENWKOK NroLleto (puc. 1).

OckKinbku MixX MNOLWE KNITUHU Ta IHTEHCUBHICTHO
cnyopecueHuii COX-2 BUSBNEHO NO3UTUBHWIA KOPENALn-
HWI 3B'SI30K, Ai1S1 YCYHEHHS MOXITMBOTO KOH(DYHZYBanbHOr0
BMMBY MOPGHOMETPUYHMX 3MiH 34IACHUNM KOBapiaLiiHWi
aHania (ANCOVA), ne CTCF — 3anexHa 3miHHa, ekcre-
puUMeHTanbHa rpyna — ikcoBaHuin ¢aktop, a nnowula
KNiTWHK — KoBapiaHTa. Pe3ynbrati aHanisy nokasanu, o
nrowa KnitTuHy € 3HavyLmM npeauktopom pisHs CTCF
(F =166,93, p < 0,001). Nicns kopeKuii Ha NMOLLY KNiTUHX
BM/MB EKCIEPUMEHTANBHOT FPyNM TaKoX 3anuLLaBcs cTa-
TUCTUYHO 3Havywmm (F = 10,73, p = 0,000029). Otpumani
[aHi cBigYaTthb, WO BIOMIHHOCTI IHTEHCUBHOCTI oriyopec-
LieHuii COX-2 mix rpynamu JOCTIZXeHHS He MOXyTb 6yTun
MOSICHEHI NuLLIEe MOPOMETPUYHUMI 3MIHAMU KIITUH | €
HacnigkoM CaMOCTIHOrO edheKTy ekcrnepuMeHTarnbLHOro
BMIMBY.

AHani3 iMmyHodnyopecueHTHoro MapkyBaHHs NF-kB
y cTpykTypi BMA wypis gas smory BUABUTK iCTOTHI
TonorpadiyHi Ta KinbkicHi nepebynoBu ekcnpecii Lboro
TPaHCKPUNLAHOTO perynsTopa nig BrfMBOM eKcriepumeH-
TanbHOi NATomMorii.

OuiHtoBaHHs MopchomeTpryHmx napameTpis NF-kB-no-
3UTUBHMX KNiTMH BMA nokasano TeHaeHLi 0 3anexHoCTi
PO3MIpIB KMITUHHUX Tif Big XapakTepy BTpyYaHHs. Y rpyni
XMBHOOMNEPOBAHYX TBAPUH CEPEaHS NMOLLA KIiTUH Biporif-
HO 3HM3nnacs Ha 14,5 % oo PiBHS IHTAKTHOTO KOHTPOIHO.
HainbinbLu BupaxeHi 3MiHW Liboro napameTpa 3adikcoBaHo
32 YMOB KOMXILWMHOBOI HEAPOTOKCUYHOCTi — 3MEHLLEHHS Ha
42,0 % nopiBHSAHO 3 iHTAKTHO rpynoto Ta Ha 32,2 % Lwoao
rpynu XnbHOONEPOBAHOTO KOHTPOSH. AHasi3 HAKOMMYEHHS!
iMyHopeakTuBHoro Matepiany NF-kB B okpemmux KniTuHax
NoKasaB, L0 MaKCMManbHWiA piBeHb EKCNPECii TpaHCKpun-
LiHoro ¢haktopa 3adpikcoBaHo B rpyni 3 IL|B BBegeHHAM
KOMXiLyHy, y koTpii nokaaHuk CTCF cTatucTiyHo BiporigHo
6inbLumii Ha 29,1 % Lofo iHTaKTHUX TBapuH. Mpu LboMy
MOPIBHSIHO 3 rPYNOK XMOHOONEPOBAHOIO KOHTPOIHO Napa-
meTp CTCF cTaticTMyHo He BiapisHABCS.

HaibinbLu cyTTEBI 3MiHM BUSIBNEHO Y pe3ynbTaTi obpa-
XYHKY KinibkocTi NF-KB-M031TUBHWX eneMeHTiB Ha OQUHULIO
nnowi aocnigxeHoi 3o BMA. Mix rpynamu iHTakTHUX
i XMGHOONEPOBAHMX TBAPUH 3HAYYLLWX BIAMIHHOCTEW He
BUSIBNEHO. BBeAEHHS KONXILWMHY NPU3BOAMIO 0 CTPIMKOrO
30iNbLUEHHS LWiNBbHOCT IMYyHOMO3UTUBHUX KNITUH. Y rpyni
KOMXiLWHY Liel nokasHuk 3binblumees Ha 214,1 % (y 3,1
pasa) Lwoao iHTakTHUX WypiB Ta Ha 237,9 % (y 3,4 pasa)
MOPIBHSHO 3 XMBHOOMEPOBAHOIO TPyMoto (Mabri. 2).

AHani3 B3aeMO3B’513Ky MK MOPGOMETPUYHUMU 1
onTuyHuMu napametpamu ekcnpecii NF-kB y knituHax
BMA 3a sonomoroto Tay-kopensuii Kenganna (1) fas amory
BWSIBUTW ICTOTHY NepebyaoBy perynsTopHUX MexaHismis
nig BNAVBOM HENPOTOKCUYHOCTI. Y rpynax iHTakTHWX i
XMOHOOMEPOBAHMX TBAPWH 3aiKCOBAHO CTaTUCTUYHO
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OpwuriHaAbHI AOCAIAXKEHHS

Tabauus 1. MokasHukw excnpecii COX-2 y ctpykTypi BMA ronosHoro Mo3ky LiypiB 3 ekcriepuMeHTanbHux rpyn, M £ m

Ipyna Mnowa iMyHONO3NTUBHUX KNITHH, CTCF, Og, 7 LWinbHiCTb iIMyHONO3UTUBHMX KNITUH
MKM? y nnowui kaapy, kn/mm?

InTaktHa, n = 10 107,3+74 3252,0+191,5 49+3
Xu6Hooneposaki, n = 10 1132+6,9 4413,7 £307,9' 53+5
ILIB BBEAEHHS! KOMXiLmHY, n = 10 66,2 +2,1'2 3310,7 + 158,42 161 + 1412

1: BiporiaHi BigMIHHOCTi nokasHukis (p < 0,05) Lwoao rpyny iHTaKTHUX TBapWH; 2: BIPOTiaHi BiAMIHHOCTI Noka3HWKiB (p < 0,05) woAo rpyni XMbHOONEepoBaHMX TBapHH.

3HauyLLMN NPSIMKIA 3B’A30K MomipHoi cunm (1 = 0,23 Ta

7= 0,26 BignosigHo, p < 0,05), Lo BKasye Ha 30epexeHHs 1A 000
6a30B0i hi3ioNoriYHOT 3aNeXHOCTi, 3a AKOT BinbLLi HEPOHN a000 ° o
MaloTh AELLO BULLWIA IHTErpanbHuii pieHb hnyopecLeHLyii. °
MpoTe 3a ymMOB KonXiLMHOBOI Mozeni ieMeHLiT 3achikcoBaHO 7000 50 °
CTPiMKe Ta 3HauyLLe 36irbLUeHHs KoedillieHTa kopenavii 4o 6000 a i 9
cunbHoro npsimoro 38's3ky (1= 0,76; p < 0,05) Ha choHi pis- 9 Z ° o | o
KOTO 3CYBY XMapy TOHOK Y 30HY MiHiMarbHUX 3HaueHb Mol w . 9 ga s %o o |+
KNiTWH. BCTaHOBREHWI BUCOKWI NOKa3HUK Kopenavii y rpyni 5 400 ° ° |
KOMXiLWHY CBIOYMTb NPO akTUBALt0 eneMeHTIB rMil, Y AKUX 02, ° e o | | o °
iHTEHCUBHICTb MpO3ananbHoro curHany 6esnocepeaHbo Ta o /n ’ 5 gA 8 e o] o] e o
TNiHiHO NOB’sAI3aHa 3 MOPCHONOriYHO TPaHCopMaLLiEeto Nig 2000 s e fa— ° p o
yac HeiiposanarneHHs (puc. 2). 00 03’ 0%  4a0 0o o

3 ornsaay Ha HasiBHICTb KOPENALINHOIO 3B'A3Ky MixX 0% o °
MO0 KIiTUHW Ta IHTeHCHBHICTIO doryopectieHuii NF-kB, 0

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
OnNa BUKIKOYEHHA MOXNNBOIo KOH(*)yHLlyBaJ'IbHOFO BMnBy

MOPGOMETPUYHMX 3MiH 3LINCHUNM KOBapiaLiiHWA aHani3

Mnowa

(ANCOVA) 3a ymoBamu, L0 NMOBTOPKOBANY BiAMOBiAHMIA 1p

obpaxyHok COX-2. Pesynbrati aHanisy nokasanu, Lo o

MoWa KniTMHU € CTaTUCTUYHO 3HaYyLLMM NPEeaVKTOpOM 12000

piBHs ekcnpecii NF-kB (F = 227,06, p < 0,001). Micns ko- o000 °

pekuii Ha BB NIOLL KMITUHY eheKT eKcnepuMeHTansHoi R ° 1

rpynu 3anuwascs 3Hadywmm (F =40,20, p <0,001). Lii gaHi 8000 o| o ° —

CBigYaTb, Lo 3miHn excnpecii NF-kB y rpynax 4ocrigxeHHs . e I°° /o/o/

He MOXyTb BYTM MOSICHEHI NLLEe MOPOMETPUYHIMM OCO- 5 oo e s Lo

OnMBOCTAMM KIITUH i € HAcMigKoM CaMOCTIHOTO BrAMBY 2000 % o 8 .,°/

€KCNepuMEHTanbHOro BTPy4aHHS. 88 % | @0 °l °
Ha ynbTpacTpyKTypHOMY piBHi B TKaHWHI rONOBHOIO 2000 |2 o/fi 4 — <

MO3KY LLYPIB BUSIBNEHO OCEPEOKN BUPAXEHUX OECTPYK- ° %o

TUBHUX 3MiH KMITUHHWUX €NEMEHTIB i HAaBKOMULLHLOMO Hel- ° ‘

ponins. B HeMpoHax BU3HAYeHO KOHAEHCALLI0 XPOMaTWHY, 2000

SKWIA YyTBOPIOBAB €MEKTPOHHOLLiMbHI arperaty, BTpayaBcs 2 40 60 80 100 120 140 160 180 200 220 240 260 280

PIBHOMIPHUIA PO3NOAIN eyXpoMaTuHy 3 nepeBaxaHHAM
rpybux retepoxpoMaTHoBMX Mac. Lintonnasma HelipoHis

MarHoLLentonspHOro siapa xapakTepuayBanacs BUPaKeHO 1B =

[EeCTPYKLIEI0 BHYTPILUHBbOKMITUHHUX OpraHen. Y cknagi 16000 o

LMTONNa3MaTMYHOrO MaTtepiany BU3HAYEHO YNCMEHHI 14000 o

¢hparmeHTOBaHi MeMBPaHHi CTPYKTYpu, ApiGHO3EPHUCTII 000 ° o
MaTpuKC i Npodini LMCTEpH rpaHynspHOi eHgonnasmariy- °

HOI CiTKU, LLO MoYacTy BTpavara XxapakTepHy napanenbHy 10000 °

opieHTaLito, (hopMyH4M AiNSHKM BakyonenogibHoi TpaHc- g 8000 ~ — °

thopmauii umtonnasmu (puc. 3A). Taki 3MiHU cynpoBo- 5000 § ob %o" 3 3

[PKyBaMMCs 3MEHILEHHAM KINbKOCTi MeMBpaHO3B’a3aHuX 895292 0,

pU1BOCOM, LLIO CBIAYMINO NPO NMOPYLLEHHS! BiNOK-CUHTETUYHOT 100 ORI °od ° °

(pyHKLiT HEMPOHIB B YyMOBAX TOKCUYHOTO YLUKOIKEHHS, 2000 o °

iHOYKOBAHOTO KOMXIiLWMHOM. Y LMTONNa3Mi Mix Bakyonsmu 0 } e °

pi3HOrO AjameTpa po3TalloByBanmcs OKpeMi MITOXOHAPII, o0

BiNbLWICTb i3 HUX CTPYKTYPHO 36epe)|<eHi, arne iHwa va- 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
CTWHa Mana 03HaKW TSHKKOrO YLUKOMKEHHS, 3 HabpskoMm, Mnoua

MPOCBITNIEHHAM MaTPUKCy, parMeHTaLlier0 Ta YaCTKOBUM

3HUKHEHHSIM KPUCT. BUSIBMEHO TaKoX MOOAMHOKI EneKTpo- Puc. 1. [liarpamu 3anexHOCTi NoKa3HuKa iHTEHCMBHOCTI driyopecLieHuii Big nnowi COX-2*-no3u-

TUBHWX KNiTUH y BMSA WwypiB ekcrepuMeHTanbHuX rpyn. A: y WypiB 3 iHTaKTHOT rpynu; B: y xubHo-

HHOLL|iMbHi Ni30COMONOMGHi TinbLIA Ta MeMOPaHHI KOHLIEH- OepoBaHAX TBapwH: Byl Liypis icns IL|B BRefoHA KaNKiLHY,

TPWYHI CTPYKTYpU.
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Tabauus 2. MokasHuku exkcnpecii NF-kB y cTpykTypi BMA ronosHoro Mo3ky LypiB 3 ekcriepuMeHTanbHux rpyn, M £ m

Tpyna CTCF, Og, 5 LWinbHicTb iMyHONO3UTUBHMX KNITUH
y nnowui kaapy, kn/mm?

|HTakTHa, n =10 98,7+3,8 26949+ 1731
XubHooneposaHi, n = 10 84,4132 3216,5+204,7
ILIB BBEAEHHS! KOMXiLmHY, n = 10 57,2 +4,1'? 3479,2 2771

71+£8
66 £5
223 £24'2

1: BiporiaHi BiAMIHHOCTi nokasHukis (p < 0,05) oo rpyni iHTaKTHUX TBApWH; 2: BIPOTiAHI BiAMIHHOCTI Noka3HMKiB (p < 0,05) WoAo rpyni XMBHOONEPOBaHMX TBapHH.
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Puc. 2. [liarpamu 3anexHOCTi nokasHuka iHTEHCUBHOCTI dhnyopecLieHuii Big nnowi NF-kB*-no-
3UTUBHUX KNiTMH y BMA wypis 3 ekcnepumenTanbHux rpyn. A: y LypiB 3 iHTakTHOI rpynu; B: y
XnGHOONEPOBaHUX TBapyH; B: y wypis nicns ILIB BBEAEHHS KONXILMHY.
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BusHaueHo BupaxeHy Bakyonisauito Hedponinto 3i
CMOHTOOPMHOK TpaHcdopmallieto, Wo 3yMoBneHa
HabpsiKOM i AereHepallielo HelipoHanbHUX BigpOCTKIB,
SKi Manu HEPIBHOMIPHO PO3LUMPEHi KOHTYpU BHACMIAOK
HasiBHOCTi BakyonenoaibH1X NOpPOXHWH Pi3HOro po3Mmipy Ta
CryCTOLLEHHs akconnasmu (puc. 3b). Y baratsox npodinsx
BiZPOCTKIB LiMTONNa3Ma ManocTpyKTypoBaHa, 3i 3HIKEHO
€NEKTPOHHOIO LLIMBHICTHO, i3 BTPATOK XapaKTEPHOI OpraHi-
3aLii BHYTPILLHLOKMITUHHUX KOMMOHEHTIB Ta YTBOPEHHAM
YMCMEHHMX MeMBpaHHWX ynamkiB i ApibHMx Besukyn. Y
BiZ[POCTKaxX BW3HAYEHO MOOAMHOKI MITOXOHAPII, YacTuHa 3
HWUX Mana 03Haku HabyxaHHsI Ta NPOCBITNEHHS! MaTPUKCY.
[Noaekyav BUSBNEHO parMeHTaLito LIUTOCKENETHUX CTPYK-
TYP | 3MEHLLEHHS KifbKOCTi BOPSAKOBAHO PO3TALLOBAHNX
MIKpOTpy604OK. HelpoTokciHa st KonxilyHy nowwmpto-
Banacs i Ha CMHaNTUYHWA anapat. 30Kkpema, BUSBMEHO
03HaKW ge3opraHisalii npecuHanTuYHMX TepmiHanen i3
thopmyBaHHAM BakyonenogibHUX MOPOXHUH, 3MiHO0
pO3MoAiNy CUHaNTUYHNX BE3UKYN Ta IXHBOIO arperavieto.

Cepen GaraTbox npodoiniB KNITUHHKX BiAPOCTKIB i Mi-
arbHWX eNeMEHTIB YiMany YacTuHy nons 30py 3aimManu
YnCrEHHi NONEPEYHi Ta KOCi 3pisn MieniHI30BaHNX akCOHIB
pi3HOro AiameTpa, oToueHUx GaraTowapoBUMmK MieniHo-
BUMM 06onoHkamu. MieniH, yTBOPEHW A KOHLEHTPUYHUMM
€NEKTPOHHOLLINbHUMY TaMenamu, y GinbLUOCTi BOMOKOH
30epiraB xapakTepHy baraToLuapoBy CTpykTypy. BogHoyac
Y HU3Li HEPBOBWX BOIOKOH 3a(pikCOBAHO HEPIBHOMIPHICTb
TOBLUMHYM MIiENIHOBYX 0BOMOHOK, NOKanbHi po3LiapyBaHHs
OKPEMUX MaMer, @ TaKoX MOsBY CBITMWX LiNMHONOMiIGHNX
npocTopiB MiX Lapamu MieniHy (puc. 3B). Akconnasma
GiNbLUOCTI BOMOKOH Mana HU3bKy ENeKTPOHHY LUMbHICTb
i MicTuna apibHo3epHUCTUIN MaTepian. Y npocsiTax okpe-
MUX aKCOHIB BU3HAYEHO NMOOAMHOKI OpraHenu, NnepeBaxHo
MITOXOHAPIi 0BarnbHOi abo BuaoBxXeHoi dopmu. Moaekyau
3adhikcoBaHO HEPIBHOMIPHICTb KOHTYPIB aKCOHIB i NOSIBY
HEBENWKNX BHYTPILUHbOAKCOHANbHNX BakyonenoaioHnx
LiNsHOK.

YacTuHa MieniHizoBaHUX HEPBOBUX BOMOKOH XapakTe-
pu3yBanacs yTBOPEHHSIM BEMMKMX LiNSHOK Ae30praHisaii
namenspHoi CTPYKTypu MieniHy. B Takux akcoHax 3apee-
CTPOBAHO BUPaXEHi 03HaKM LIUTOCKENETHOI Aie30praHisaLlii,
LU0 BM3HAYeHi 3a peayKuieto Ta pparMeHTaLlieto MikpoTpy-
6040K, BTPATOH iIXHBOTO BMOPSIAKOBAHOMO PO3TaLlyBaHHS
Ta NOPYLIEHHSM CTPYKTYPHOI LiMICHOCTI aKCOHanbHOMO
komnapTmeHTy. Lli 3MiHM cynpoBomKyBanucs Bapuko3HO
AedopmalLlieto akCOHIB, HaKOMUYEHHSIM MeMOpaHHNX Be-
31Ky, @ TaKoX PO3BMTKOM BaKyonisaLlii akconnaamu, Lo
CBIAYMIO NPO TSHKKE MOPYLLEHHS aKCOHAINbHOrO TPAHCMOPTY
Ta NporpecyBaHHst HeMPOAEreHepaTUBHOO NPOLIECY.

OKpeMi KNiTUHV MICTUIN eNeKTPOHHOLLiNBHI CTPYKTYPU,
SIKi XapaKTepu3yBanucs BUCOKOK OCMioDinieto, HeviTkuMu
KOHTYpamu Ta HEOAHOPILHOK BHYTPILHBOKW 6YL0BO.
BoHu posTaluoyBanicst 6e3nocepenHso 6ins kapionemu
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Puc. 3. EnekTpoHorpamu roioHoro Moaky B finsiHui BMA Ha 14 go6y nicnsi ILIB BBeAeHHs konxiLmHy. A: hparMeHT LiUTONNaamm HepoHa 3 03Hakam ynsTpacTpyKTypHOI [e3op-
raHisaLii, Bakyonisawii Heiiponinto Ta npodinis HEPBOBMX BiAPOCTKIB; CUHA CTPIiNKa BKasye Ha [iNsHKM BUPaXeHOi BakyorisaLlii Ta AereHepaT BHUX 3MiH HEMpOninio; TPaHCMICiiHa
enekTpoHHa mikpockonisi (TEM), 36. x3000. B: BakyonisaLisi Ta HaBpsik HelpOHanbHIX BiAPOCTKIB, A€30praHisaLlis BHYTPILLHBOKNITUHHIX MEMBPaHHIX CTPYKTYp; BTpaTa KinbKocTi
MIKpPOTPYBO4OK Ta yTBOPEHHS BENMMKIX NaKYHOMOAIGHMX MOPOXHIH, 3Ha4He HabyXaHHs MITOXOHAPIN i3 peAyKLi€to KpUCT i HaBMNAKM — 3HA4YHe YLUiNbHEHHS MATPUKCY MITOXOHAPIA Y ieH-
[JpuTax; peayKLis CUHanTUYHUX BE3UKYM B aKCOHHUX TepMiHansix (oBTi cTpinku); TEM, 36. x6000. B: nonepeyHi Ta koci 3pian MieniHi3oBaH1X akCOHIB i3 TOKanbHUM po3LuapyBaHHsIM,
[Aecopmallieto MieniHoBIX NlamMen | MOMipHUM NPOCBITIEHHSIM akconnaamu; peayKLis MikpoTpyBo4oK y MieniHi3oBaHpOMY akcoHi (6ina cTpinka), posLuapyBaHHs MiENiHOBOrO BONOKHa
(6ina crpinka); TEM, 36. x6000. I: kniTHa MikpornianbHOrO TUMY 3 YUCHIEHHUMM €NEKTPOHHOLLINBHIMM Mi30COManbHIMIK Ta tharonisocomarnbHUMMU BKITKOYEHHSIMY; BakyonisaLlis

BiAPOCTKIB | A€30praHisaLjist MiXKIITUHHOTO OTOYEHHS!; YepBOHI CTPIMNKM BKa3yloTb Ha eNeKTPOHHOLLiNbHI harocomm; TEM, 36. x3800.

| CTAHOBWIW 3HAYHY YaCTUHY NEPUHYKIEAPHOI LUTONNa3mMm
(puc. 3r).Y ixHbOMy ckrnagi pO3pisHANN YLLINbHEHNA rpaHy-
TNISPHUIA MaTepiarn, okpeMi MemOpaHHi parMeHTy Ta ApiOHI
CBITNI BKIIOYEHHS. 1OpyY i3 HUMU BU3HAYEHO MOOAUHOKI
BaKyoni Ta ApiOHi Be3uKynu. Taki eNeKTPOHHOLLMbHI yTBO-
PEHHS1, IMOBIPHO, BiZNOBIAANN CKyNYEeHHSIM AerpafoBaHoro
LMTONMIa3MaTMYHOro Matepiasny, BTOPMHHUM J1i30coMam
abo 3anuLIKOBUM TinbLsAM, WO (opMyBanuUcs BHACTILOK
BHYTPILLIHBOKMITUHHUX AECTPYKTUBHWX NPOLIECIB.

06roBopeHHsA

Pesynirat focnimkeHHs caigyaTh, WO KONXiLMH-iHayKoBa-
Ha Moaenb HermpoaereHepaLlii acowiioBaHa 3 BUPaXeHo
aKTVBaLjieto mposananbHux npouecie y BMA, wo Busie-
nswTb 3a nepebynosoto xapaktepy ekcrpecii i COX-2,
i NF-kB. BcTtaHoBneHe 36inblieHHst WinbHocTi COX-2- i
NF-kB-n03nTUBHUX KMITWH BinbLL HXX YTPUYi NOPIBHAHO 3
KOHTPOMNEM CBIZYMTb NPO MacoBe 3any4eHHst ApibHOKMI-
TUHHWX E€NEeMEHTIB, SK-0T MIKporfianbHuX, 40 peanisavii
3ananbHoi BianoB.iai.
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Lli paHi 3biratoTbes 3 pesynsratam eKcniepuMeHTanbHUX
JOCTiDKEHb, A€ MOKa3aHo, LU0 PO3BUTOK HEMpO3ananeHHs
CYNPOBOAKYBABCA HAKOMUYEHHAM aKTUBOBAHWX [MianbHUX
KNITUH i nocunenHsm excnpecii NF-KB y HepBOBIi TKaHWHI.
Tak, H. Elsayed et al. BusiBunu ictotHe 36inbLueHHs! KinbKocTi
NF-KB-N03UTUBHWX KNITUH Y CMIMHHOMY MO3KYy TBapuH 3a
YMOB eKCriepuMeHTanbHoI natornorii, Wo noeaHysanocs 3
O3Hakamu HevpoaereHepallii Ta peakTuBHoro rniosy [16].

Lle Moxe NosicHUTI BCTaHOBIEHE Y HU3LL AOCTIKeHb
CTpiMKke niaBuLLEeHHs piBHiB COX-2 i npo3ananbHuX LUTOKi-
HiB (sk-oT TNF-a) y cTpyKTYypax rornoBHOro Mo3ky (3okpema
B rinokamni Ta Kopi) nicns BBeAeHHs konxiumuy [7,11,12].
Brim, mig yac uux [OCMimKeHb 3aCTOCOBaHO METOf iMy-
HocbepmeHTHOrO aHanisy (ELISA) abo BectepH-6noTuHry
(Western Blot) ans winbHoro romoreHaty TkaHuHU abo
BM3HAYEHO 3aranbHy OMTUYHY LUIMBHICTb YCbOrO FiCTONO-
riYHOrO 3pi3y.

JocnimkeHHs, ake MW 30iNCHUIN, IPYHTYETLCS Ha
MOKNITUHHIA MOPOMETPIi Ta AEHCUTOMETPIi KOXHOrO
okpemoro o6’ekTa (single-cell analysis). Ockinbkn COX-2
€ downstream-reHom, Lo Ge3nocepeaHbO perymnioeTbes
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TpaHckpunuinHumM daktopom NF-kB, ToTanbHa akTusauis
NF-kB y Bignosigb Ha OKCUAATUBHWIA | HITPO3ATUBHWI CTPEC
aKTVBYE kackaf nposananbHoi TpaHckpunuii. MacvsHa
iHbinbTpavis BMA apibHMMK rmiouuTamn Npr3BoanTb A0
TOro, Lo cymapHuii BMicT COX-2 y TkaHuHi sgpa, sk 3a fa-
HUMU SOCTIMKEHb, LLO 3AIMCHWNA rpyna HayKOoBLB Ha Yoni 3
S. Sil et al., e HagBKCOKM BHACHIOOK 30iNbLLEHHS KiFTbKOCTi
KniTUH-NpoayLeHTiB. BTiM, y nepepaxyHKy Ha MooguHOKY
knitnHy (napametp CTCF) curHan y Halomy ekcnepumeHTi
HiBENBaBCS Yepe3 Manuii 06’'emM LMToNNasMm peakTMBHOT
mii. Lle nigTBepmKxye KpUTUYHY BaXIMBICTb PO3PIHEHHS
MOHSTb TKAHMHHOI eKCMPECii Ta iHAVBIAYaNbHOTO KMITUHHOMO
npodinto Npn Hempo3ananeHHi.

pachiyHO Ta MaTeMaTUYHO Lie [OBOAMUTL Nepexis CUH-
Te3y MapkepiB Ha peakTUBHI eNleMEHTU il YM CUTbHiLLe
TpaHchopMyeTbCS rMianbHa KNiTWHA B XO4i akTveaLlii, TUM
BULLOK CTaE KOHLEHTpaLlis npo3anarnbHoro curHany B ii
Tini. Ha BaXnuBiiA poni Takoro riansHOro «nepeMmkaHHs»
CUrHanmbHUX KackagiB npu HevipogereHepadii Haronocu-
nn Takox E. Sun et al., onucaBm XpoHiyHy akTuBaLilo
cuctemun NF-kB/COX-2 came B peakTuBHii mikpornii Ta
acTpouuTax HaBKomno ocepeakis anstepauii [17]. Pasom i3
TUM, 3aCTOCOBaHMI KoBapiavinHui aHania (ANCOVA) foso-
ANTb, WO 3ahikcoBaHi 3MiHM hryopecLieHLii € CBiaYEHHAM
camocTiiHoro GioxiMiYHOro edbekTy naTonoriYHoi iHayKuii
npo3anarnbH1X CUCTEM, @ HE MPOCTO HACTIAKOM ONTUYHOIO
YLLINbHEHHS cUrHary y 3MeHLLeHoMy 06’eMi LMTonnasmu.

Po3BnTOK fiereHepaT!BHUX 3MiH HEMPOHIB i3 MOLLKO-
[PKEHHSIM BiAPOCTKIB Ta OfHOYaCHE 3anyyeHHs [0 eKcrpecii
nposananbH1X MapkepiB ApIOHNX PeakTUBHUX KMiTUH il
30iraeTbCst 3 JAHUMM eNEKTPOHHOMIKPOCKOMIYHOIO JOCHi-
[PKEHHS!, Y pesynbraTi SIKOro BUSIBMIEHO YMCTIEHHI KMITUHK
3 03HaKamy haroLMTapHOi aKTUBHOCTI, HAKOMUYEHHAM
charonizocomanbHMX CTPYKTYP i KIITUHHOTO AETPUTY, Nopy-
LIEHHSIM NaMinapHOi CTPYKTYpu MieniHy. Taki 3MiHW onncaHo
i B MOMENSX XPOHIYHOrO Herpo3ananeHHs, iHayKOBaHOMo
ninononicaxapuaom, e akTueallis Mikpornii acouiioBaHa
3 PO3BUTKOM BUPAXEHUX YMBTPACTPYKTYPHUX nepebynos
HepBOBOI TkaHuHM [18]. Tak, Hanpuknag, O. Errea et al.
BCTaHOBMIY, LLO Hepo3anarneHHs NopyLLye akcoHanbHMIA
TPaHCNOPT MITOXOHAPINA, CIPUYMHSIIOUN iX MOLLKOMKEHHS
[19]. OemieninisaLito Ta MOLLKOMKEHHS aKCOHIB Ha KynbTypi
HEeMpPOHIB MO304Ka NPy BMMBI OKCUAATUBHOIO CTPECY Ta Mpo-
3ananbHUX LMTOKIHIB BusiBunM Takox A. di Penta et al. [20].

Bakyonisauis LmMtonnasmu, nokarnbHe NpoCBITEHHS
Henponinio, 3MiHM HENPOHaNbHUX BiAPOCTKIB, Ae3opra-
Hi3awisi MemMBpaHHUX CTPYKTYP Ta 03HaKM MOLUKOMKEHHS
MITOXOHAPIA MOXyTb OyTU OLiHeHi ik MOpchOnoriYHnNn
€KBiBaneHT MOPYLUEHHS aKCOHAmNbHOrO i AEHAPUTHOrO
TpaHcnopTy. 3a Cy4acHUMM JaHUMK, fedekTn akcoHarb-
HOrO TPaHCMOPTY € PaHHBOIO Ta BAXKIMBOK 03HAKOK HEl-
poJereHepaTMBHOMO MPOLIECY, OCKIMbKWA BOHM NOPYLLYHOTH
NepeMILLEHHST MITOXOHPIN, CUHANTUYHUX BE3WKyI, Ginko-
BWX KOMMJIEKCIB i KOMMOHEHTIB MeMOpaH [0 AMCTanbHWX
Bin4iniB HeWpOHarnbHUX BiAPOCTKIB [21]. Y LibOMY KOHTEKCTI
YNBTPACTPYKTYPHI 3MiHW HENPUTIB, 3aPiKCOBaHI y HaLLOMy
[OCTIKEHHI, MOXHa iHTepnpeTyBaTy sk NPOSIB TPAHCMOPT-
HOI HEAOCTATHOCTI, CMPUYUHEHOI KOMXiLMH-iHAYKOBAHO0
[ie30praHisaLlieto MikpoTpyOO4KOBOro LiMTOCKeNeTa.

Ha sigmiHy Big COX-2, ekcnpecis NF-kB xapakrepu-
3yBarnacs He nuiue 36iNbLUEHHAM LBHOCTI MO3UTUBHUX
KMiTUH, ane i NigBULLEHHSM IHTEHCWUBHOCTI cpryopecLieHLyii.

ISSN 2306-4145  https://zmj.zsmu.edu.ua

Ockinbkn NF-kB — 0fWH i3 KIHOYOBUX TPAHCKPUMLINHUX
(hakTopiB, LLIO PETYMOE EKCMPECIt0 YUCTIEHHNX NMpo3anasb-
HMX TeHiB, 10ro akTuBaLit0 MOXHa BU3HAYUTU SIK OOWH i3
LIeHTparnbHNX MeXaHiamiB pO3BUTKY 3anarbHoi BiAnosiai B
YMOBaX eKCriepuMeHTarnbHOT HelipoaereHepalii. MoegHaH-
HS! 3MEHLLEHHS MNOLLi KNITUH i nigBuLieHHs piBHa NF-kB
CBiA4NTb NPO hOPMYyBaHHS noNynsALii APIBHNX peakTUBHUX
KMITUH i3 BUCOKOKO PyHKLIIOHANbHOK aKTUBHICTIO.
BopgHouac BrsiBneHo neBHe NigcuneHHs excnpecii npo-
3anarnbHux megiatopis y cTpykTypi BMA ronosHoro mosky
XMBHOOMEPOBaHX TBAPVH, LLIO Masio fokarbHuUi xapakTep,
OCKiNbKM He CynpoBOAXYBanocs 30iNbLIEHHAM KifbKOCTi
iIMYHOMO3UTUBHUX KNITUH. Taki 3MiHW MOMYHO MOSICHUTY
MeXaHi4HUM BMMBOM nig Yac npoueaypu ILB iH'ekuii.

BucHoBKH

1. Y 6asanbHOMy MarHoLenionspHoMy sapi Lypis
KonxiunH-iHOykoBaHa HeWpoaereHepalis acolinoBaHa 3i
CTaTUCTUYHO 3HaYyLLMM 3MeHLeHHsaM nnowi COX-2- Ta
NF-kB-no3nTBHUX KNiTMH Ha oHi Pi3koro 30inbLUeHHs
iXHBOI LWinbHOCTI Ta nepebynoBm piBHS ekcnpecii gocni-
mxeHux mapkepis. fing COX-2 xapaKkTepHuM € Tpupasose
30iMbLUEHHS! KINbKOCTI iMyHOMO3UTUBHUX KIiTUH 6€3 36inb-
LUEHHS! IHTEHCUBHOCTI GhrlyopecLieHLii BIQHOCHO iHTaKTHOMO
KOHTpOIHO, a Anst NF-kB BU3Hau€eHO i 30inbLLEHHS! LWiNbHOCTI
NO3UTUBHWX KNITWH, | nigsuiieHHs piHa CTCF.

2. Y mo3ky xunbHoonepoBaHUx TBapuH 3adikcoBaHO
03Hakw aKTVBaLii Npo3anarbHWX MPOLECIB, LLO BUSIBMEHO 3a
nigBuLLEHHSM iHTeHCKBHOCTI onyopecueHuii COX-2 wopo
iHTAKTHOTO KOHTPOMt, 3MeHLEHHaM nnowi NF-kB-nosu-
TWUBHUX KMITWH | NOCWMEHHAM KOPENSALAHOMO 3B'A3Ky MiX
MOPOMETPUYHUMM 1 ONTUYHUMM NapameTPamMu KIiTUH.
BigCyTHICTb 3HAYyLLMX 3MiH LWINBHOCTI IMYHONO3NTUBHUX
KMITWH | 3HA4HO MEHLLA BUPAXEHICTb BUSIBMEHNX BiAXWUNEHDb
MOPIBHAHO 3 KOMXILMHOBOLO rPYMOHO CBIgYaTh NP0 PO3BUTOK
00MeXeHoI peakTVBHOI 3anarnbHoi BiAMnoBidi, LLO 3yMOBreHa
XipypriYHUM BTpy4aHHaM, 6e3 hopMyBaHHSI BUPAXEHOro
HelipofereHepaTMBHO-3anasibHOM NPOLIECY.

3. Mix nnoLweto kniTH 6a3anbHOro MarHoLENonsipHo-
ro sigpa 1 iHTeHcuBHiCTio donyopecuieHuii COX-2 i NF-kB
BCTAHOBMEHO CTAaTUCTUYHO 3HAYYLLIA NO3UTUBHUIA KOPENS-
LLiiHWi 3B’A130K, SIKUIA MOCWIIOBABCS B yMOBaX KOXILMHOBOT
HepoTOoKCUYHOCTI. KoBapiaLliiHuin aHania nokasas, Lo nno-
L KMiTMHU — 3HaYyLLMIA NPEeanKTOpP PiBHS ekcrpecii 060x
MapKepiB, ogHak edekT BBEAEHHS eKCNepUMEHTaNbHOI
rpynv 3anuLLaBcs CTaTUCTUYHO JOCTOBIPHUM. Lie cBigunTb
Mpo He3aneXxHWii BMVB KOMXILMHOBOTO YLIKOZKEHHS Ha
excnpecito COX-2 ta NF-kB, sikuii He oBMexyeTbes nuLe
MOPOMETPUYHUMU 3MIHAMM KIITWH.

4. YnbTpacTpyKTYpHUMU O3HaKaMu peakLii Ha BBe-
[EHHS KOMXiLWHY € Bakyonidauis uutonnasmaTuyHux
CTPYKTYP, Ae30praHisaLlist BHYTPILLIHbOKMITUHHUX MEMOpaH,
YLWIKOMKEHHS MITOXOHAPIN, 3MiHA HEMPUTIB i NOPYLUEHHS
YNBTPACTPYKTYPHOI OpraHi3aLlii CUHaNTUYHMX KOHTAKTIB K
HacnifoK NopyLUEeHHs! MiKpoTpyBOo4KOBOTO LIMTOCKENeTa Ta
MOB’SI32HOTO 3 HUM BHYTPILLUHBOKNITUHHOIO TpaHCnopTy. B
MiKpormioumMTax Ta acTpouuTax Yepes 2 TWxHi BUSHAYeHO
HaKoMM4YeHHs! BTOPUHHMX NMi30COM Ta ayTodariyHnx Bakyo-
en, WO CBIiAYMTb NPO aKTMBALLt NI30COMHO-ayTodhariyHoro
LUNSAXY Y BIANOBIfb Ha MOLLKOMKEHHS BHYTPILLUHBOKNITUHHUX
CTPYKTYp.
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IcTopia MeToAIB KOPOHAPHOI peBaCKyAApU3aLiil
NPY XPOHiuHiK iluemiuHiK XxBOpoOi cepus (OrAsA AitepatypHu)
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3anopisbkuit AepXXaBHUN MEAMKO-GapMaLEBTUUYHKI YHIBEPCHTET, YKpaiHa

A - KOHLIEMLLIS Ta AU3ANH AOCAIAKEHHS; B - 36ip AaHuMX; C - aHani3 Ta iHTepnipeTaLis AaHux; D - HanucaHHs cTaTTi; E - peparyBaHHs cTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi
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Mera pob0oTH - Ha OCHOBI BiZOMOCTel (haxoBOi NiTepaTypy BUCBITAINTM NUTAHHS LLOAO BUHWUKHEHHS!, PO3BUTKY Ta Cy4YacHuid cTaH
METOZIB KOPOHAPHOI peBackynsapum3aLlii, siki 3aCTOCOBYHOTb NP XPOHIYHIN iLeMiyHii xBopobi cepus (IXC), a Takox ehekTUBHICTb
i 6e3neky npoueayp, LU0 I'PyHTYIOTLCS Ha NMPUHLMNAX AOKA30BOI MEANLHM.

Marepianu i meToaum. [ig Yac pocnimKkeHHs 3acTocoBaHo GibniocemaHTUYHWI MeToa. 3AINCHEHO MOLLYK HAayKOBWX CTaTel B eNnek-
TPOHHMX 6a3ax AaHux MeanyHux nybnikauin PubMed, Google Scholar, Scopus i Web of Science. Motuyk 3ailicHunu 3a Takumu
KIto4oBMMYM crioBamu: coronary artery disease, myocardial revascularization, coronary artery bypass grafting, coronary stenting.
[lo poboTv foaaTKoBO 3any4eHo npaL, WO MaKTb iICTOPUYHE 3HAYEHHS AN AOCTIMKEHHS LiEi TEMM.

Pesynabrati. IXC — nowwmpeHe cepLeBo-CyayHHe 3aXBOPHOBAHHSI, LLIO NPOrPECYE Ta MOXE 3arpoXyBaTyv KUTTHO NaLlieHTa HaBiTb y pasi
crabinbHoro nepebiry. FoMoBHOK MPUYMHOIO LIbOTO CTaHy € KPUTUYHE 3HVKEHHS! BIHLIEBOTO KPOBOTOKY Yepes PO3BUTOK CTEHO3YBab-
HIX aTePOCKNEPOTUYHIX BNALLOK Y Benukux cybenikapaiansHux BiHLeBux apTepisix (BA). JlikyBaHHs IXC nepenbavae npusHadeHHst
onTUMarnbHOI MEANKaMEHTO3HOI Teparnii Ta BUKOHaHHS! iHBa3WBHUX BTPyYaHb Ha BA, sik-0T peBackynapuaaLlii miokapaa. [Jo meTogis
peBackynsipuaaLjii Hanexarb onepaLii 3 a0pTo-BiHLEBOTO LWyHTYBaHHs (ABLL) Ta iHTepBeHLilHI NpoLeaypy — YepesLLKipHi KOPOHAPHI
BTpyYaHHst (YKB). Metoan peBackynsipuaayii miokapaa ctanu ofHUMM 3 HalbinbLU NOLUMPEHMX BTPYYaHb Y Cy4acHiin MeauumHi.
Tak, ABLU — Lie onTumansHuin MeTop pesackynspusadii Miokapaa, a YKB € anstepHaTyBHUM MiHiiHBa3VBHM METOAOM Mif vac
nikyBaHHs navieHTiB 3 IXC. 3axoaw 3 peackynspusaLii eheKTMBHO 3MEHLLYI0Tb NPOSIBM CTEHOKapPAii, NOKPALLLYKOUM SKICTb KUTTS,
Ta MO3WTWBHO BNMBAOTb HA NPOTHO3 NaLjeHTIB. 3a OCTaHHI POKM TEXHOMOTIT XipypriYHVX Ta IHTEPBEHLIAHWX BTPYyYaHb 3a3Hanm
3HAYHMX 3MiH: MOCTIliHO BiABYBAETLCS NPOLIEC iX YAOCKOHANEHHS 1 ONTUMI3aLlii, NiABMLLYETLCS 3aranbHa AOCTYMHICTb NpoLeayp.

BucHOBKHM. BpaxoBytoun 3HKEHHS AKOCTI XWTTS, TONEPAHTHOCTI A0 (i3NYHNX HAaBaHTaXEHb i NABULLEHUIA PUNK BUHWUKHEHHS!
HECTPUSATIINBIX CEPLIEBMX MO, LLO MOXYTb NPM3BECTH 4O CMepTi navieHTis 3 IXC, HeobXiaHOK yMOBOI0 € 3aCTOCYBaHHS edbek-
TUBHWX METOZIB NiKyBaHHS Ta NPOiNaKkTUKy LibOro 3aXBOptoBaHHS. PeBackynspusallis Miokapaa sk LONOBHEHHS A0 ONTUMArbHOT
MeaVKaMeHTO3HOI Tepanii 3anuLIaeTbCs KIloYOBOKO CTpaTerieto NikyBaHHS ANs MOMErLLeHHs CUMMTOMIB, NOKPALLEHHS IKOCTI KUTTS
Ta BigAaneHUx KNiHiYHMX pesynbTaTiB y NaLieHTiB i3 XpoHivHot IXC.
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coronary artery
disease, myocardial
revascularization,
coronary artery
bypass grafting,
coronary stenting.
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History of coronary revascularization methods in chronic coronary artery disease
(a literature review)

V. 0. Hubka, Yu. M. Vailo, A. M. Materukhin

Aim. To describe the emergence, development, and current evidence base for coronary revascularization methods, and to eval-
uate their effectiveness and safety in patients with chronic coronary artery disease (CAD) in accordance with the principles of
evidence-based medicine.

Materials and methods. A literature review was conducted using a bibliographic-semantic method. Electronic databases (PubMed,
Google Scholar, Scopus, and Web of Science) were searched. Search terms included: coronary artery disease, myocardial re-
vascularization, coronary artery bypass grafting, coronary stenting. Seminal historical publications relevant to the chronological
development of revascularization techniques were also included.

Results. CAD is a prevalent, progressive cardiovascular disease that threatens patient’s lives even during a stable course of the
pathology and characterized by a critical reduction in coronary blood flow due to stenotic atherosclerotic plaques in the subepi-
cardial coronary arteries (CA). Treatment of CAD encompasses optimal medical therapy and invasive myocardial revascular-
ization, including coronary artery bypass grafting (CABG) and percutaneous coronary intervention (PCI). According to current
evidence-based guidelines, CABG is the reference standard for complex multivessel or left main CAD, particularly in patients
with diabetes or reduced left ventricular function, while PCl is an effective minimally invasive alternative for selected anatomical
and clinical subgroups. Revascularization effectively reduces the burden of angina and improves health-related quality of life,
with beneficial effects on long-term prognosis. Surgical and interventional technologies have undergone substantial evolution and
advances in stent design and intravascular imaging guidance.

Conclusions. Given the decrease in the quality of life, exercise tolerance, and the risk of adverse cardiac events from which pa-
tients with CAD suffer and die, a necessary condition is the use of effective methods of treatment and prevention of this disease.
Myocardial revascularization, as a complement to optimal medical therapy, remains a key treatment strategy for symptom relief
and improvement of long-term clinical outcomes in patients with chronic CAD.
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Ornsaam

lwemiyHa xBopoba cepus (IXC) € HanoLumpeHiLmMm cep-
LIEBO-CYAMHHUM 3aXBOPIOBAHHAM Ta OfHIE 3 NPOBIAHUX
MPUYUH CMEPTHOCTI Y BCbOMY CBIT [1].

MopdponoriyHum cy6CcTpaToM 3aXBOPHOBAHHS € PO3-
BWTOK aTepPOCKNEPOTUYHMX BnsilLoK y cybenikapgianbHux
(Benmkwx) BiHLEeBUX apTepisx (BA). Ha noyatkosmx cragisx
XBopoba KniHiYHO Mae BeacumnToMHUIA nepebir. MocTyno-
BO Onsiwka 3binbLyetbes (Big 50 % o 70 % aiametpa
MPOCBITY), 3BYXYHKOUM MPOCBIT apTepii, Ta NPU3BOAUTL A0
3MEHLLEHHS KPOBOTOKY Mo BA Ta nosiBv BignoBsigHOI AinsHKK
iLLemi3oBaHOro Miokapaa 3 MopyLUEHHAM Haaari oro OCHo-
BHOI CKOPOTIMBOI (hyHKLii — rinokiHe3ii, akiHesii 4n anckiHeaii
OKpeMMX cerMeHTiB. KriHiYHO CTeHO3yBaribHe ypaXeHHs
BA BusBNSI0Tb 3a CMMNTOMaMV CTEHOKaPAii HaNpyXeHHS,
a po3puB GrsLLKY MOXE NPU3BECTW 4O CUMNTOMIB rOCTPOrO
iHthapkTy miokapaa. BignosigHo, nepebir IXC mae nesHy
nepioan3aito, konu crabinbHWiA Nepios (XPOHIYHWA Ko-
POHapHWIA CUHAPOM) 3MiHIOETLCS HECTabINbHAM (rOCTpUiA
KOPOHaPHWIA CUHAPOM).

3axBoptoBaHHs! Mag XPOHIYHWIA, MPOrPECUBHUIA Xapak-
Tep i MOXe CTaHOBWTM 3arpo3y Ans XUTTS NaLlieHTa HaBiTb Y
¢hasy BigHocHo cTabinbHoro nepebiry, 6e3 SBHUX KMiHIYHUX
03HaK. BnnuHyTi Ha kniHiky Ta nporHo3 nepebiry xeopobu
MOXHa LUNSIXOM KOpeKLii dhakTopiB pusuky, hapmakono-
riyHoi Tepanii Ta iHBa3WBHUX BTPYy4aHb, CPSMOBAHMX Ha
pocsrHeHHs ctabinisaii abo perpecy 3axsoproBaHHs. Taka
KOpEKList Mae Ha METi NOKPALLEHHS SIKOCTi XXWUTTS Ta KNiHIYHe
3MEHLLEHHS CUMMTOMIB, MPOINAaKTUKY CepLIEBO-CYANHHUX
MOAIN i MiABULLIEHHS! BUXXUBAHOCTI NaLLiEHTIB.

JlikysaneHi ctparerii npu IXC nepenbayatoTb 3actocy-
BaHHSI NWLLIE OMTUMAnbHOT MeavkameHTo3Hoi Tepanii (OMT)
abo i noeHaHHs 3 MeTofamn pesackynspu3aaLii Miokapaa.
[o unx meToaiB Hanexarb onepaLlii 3 a0pTO-BIHLIEBONO LLyH-
TyBaHHs1 (ABLL) Ta iHTepBEHLiiHI MpoLieaypy — YepesLUKipHI
KopoHapHi BTpy4yaHHs (UKB).

MepaunkameHTO3Ha Tepanis € NPOBIAHAM €NEMEHTOM y
nikyBaHHi IXC i MOXe NOKpaLLMTW SKICTb XWUTTS Ta NPOTHO3
y 6aratbox nauienTis. Lini OMT BkntovatoTh KOHTPOIb CTe-
HOKapaii, yNoBiNbHEHHS MPOrpecyBaHHs aTepoCKNepoTHY-
HOTO MPOLIECY Ta 3HWXKEHHS! PU3MKY aTepOTPOMOOTUYHIX
nogin. OnTuMansbHa MegukaMeHTO3Ha Tepanis Bigirpae
KMioYoBy porb nig yac nikyeaHHs IXC i nokasaHa ycim
nauieHTam, SiKk HaBefieHo i B aMepuKaHCbKuX, | eBponen-
CbKIX PEKOMEHZAL|ISIX 3 NiKyBaHHS XPOHIYHUX KOPOHAPHUX
cuHgpomis [2,3].

PeBackynsipusauist Moxe ByTu 3anponoHoBaHa fofaT-
koBo 4o OMT okpeMux nawjieHTiB 415 NoMnereHHs cumMn-
TOMIB, MOMIMLUEHHS NpaLEe3aaTHOCTI Ta AKOCTi XUTTS abo
[AN5 NOKPALLEHHS KIIHIYHUX Pe3ynbTaTiB MikyBaHHS LLISXOM
3MEHLLEHHS YaCTKU TSXKUX CEpLEBO-CYANHHIX MOAin [4].
KntouoBe 3aBOaHHA peBackynspuaauii miokapga — Bia-
HOBIMEHHS NPOXIAHOCTI Ta aZleKBaTHOrO KPOBOMOCTa4aHHs!
iLUeMi30BaHOI [insHKM Miokapaa, LU0 BUHWKAE BHACMIOOK
TSDKKOTO CTEHO3Y 4n oknto3ii BA. OCHOBHO MeTOH0 3acTocy-
BaHHS LIbOro METOAY € YCYHEHHS CUMMTOMIB CTeHokapgji Ta/
abo NoKpaLLEHHS BUXKMBAHOCTI LLMSIXOM 3HVKEHHS PUBNKY
CepLeBo-CyaMHHNX nogin. PeBackynspusauis miokapaa
MOXe 3Ha4yHO edpekTvBHiwe 3a OMT nonerwnTy KniHiKy
CTeHoKapAji, 3MEHLUNT BUKOPUCTAHHS aHTUaHTIHaNbHUX
npenapari, NOKPALLMTI SKICTb XUTTS, (i3NYHY aKTUBHICTb
i NO3WTVBHO BMMHYTW Ha NPOrHO3 Y NaLiEHTIB i3 BignoBia-
HUMW MOKa3aHHAMM.

3anopisbkuit MeAnUHMIA XypHan. Tom 28, Ne 4(157), auneHb - cepnenb 2026 p.

Pa3om i3 TM, xofeH i3 MeToAiB peBackynspu3aaLlii He
BNMMBAE Ha NMPOrpecyBaHHs Ta nepebir OCHOBHOT NPUYMHY
3aXBOPKOBAHHS — aTepockepos [3].

MeTa po6oTtu

Ha ocHosi BigomocTel haxoBoi nitepatypy BUCBITIIUTY
MUTaHHS OO BUHUKHEHHS!, PO3BUTKY Ta Cy4acHUI CTaH
METOZiB KOPOHAPHOI peBackynsapw3adii, ki 3aCTOCOBYIOTb
MPY XPOHIYHI iLueMiYHii XxBopobi cepLst, a TakoX edhekTuB-
HICTb | 6e3neky npoLeayp, WO I'PYHTYIOTECA Ha MPUHLMNAX
[10Ka30BOi MEeANLIHMW.

Martepianu i MeToAU AOCAIAXKEHHSA

Mg vac gocnipykeHHs 3acTocoBaHo GibnioceMaHTUYHUI Me-
TOZ. 3AiiCHEHO NOLLYK HAYKOBMX CTaTelN B ENEKTPOHHMX Oa-
3ax faHnx MeanyHmx nyonikauin PubMed, Google Scholar,
Scopus i Web of Science. Mowuyk 3giicHnM 3a TakuMu
KIo4oBMMM CrioBamu: coronary artery disease, myocardial
revascularization, coronary artery bypass grafting, coronary
stenting. [lo poboTn 4oAaTKOBO 3anyyeHo npadi, Lo MakTb
iCTOPWYHE 3HAYEHHS NS JOCNIMKEHHS Liiei TeMu.

Pe3yabtati

Big yacy BnpoBamkeHHs METOAM peBackynsipusaLlii Habynm
3HAYHOI KNiHIYHOI 3HaYYLLOCTi Y CBITi Ta NOCINW NPOBIgHEe
Miclie cepef HaWnoLwMpeHiWwnx BTpyYaHb Ha cepui. ABLL
€ ONTUMAarbHUM METOLOM peBackynsapusauii Miokapda, a
HW3bka TpaBMaTuyHicTb YKB cnipuse ii anstepHaTMBHOMY
3aCTOCYBaHHHO Y LUMPOKOTO Kona navjeHTis i3 IXC. B octaHHi
POKV TEXHOMOTT XipypriYHUX Ta iHTEPBEHLIIAHNX BTPyYaHb
iCTOTHO PO3BUHYINCS.

Y 1899 poui F. Franck 3anponorysag igeto nikyBaHHs
CTEHOKapAii NepeB’s3Ko CUMMAaTUYHIX HEPBOBUX LLNSXIB,
L0 MPU3BOAWIIO [0 3MEHLIEHHSI BONMBOBOTO CUHAPOMY.
Yepes kinbka JecATWNiTb Xipypru novanu BUKOHYBaTy
CYMNATEKTOMIlO, L0 AINCHO 3MEHLLYyBana KniHiYHy CUMNTo-
MaTuKy ilemii, ane He BunikoByeana navuiexTa Big IXC [5].

Y 1932 poui rpyna HaykoBuUiB Ha yoni 3 A. Moritz
CMPUYMHSANN BUHWKHEHHS CNayioK Mix nepukapaoM Ta eni-
KapaoM, MexaHiYHO CTvpatoum nepukaps abo 3acunaroyu
B 10T0 MOPOXHWHY abpasnBHi pevoBuHU (Tanbk, asbect,
nicok, nepetepTi AnoBudi kicTkn) [6]. Ak mrepeno konate-
panbHKX CyAUH TaKOX BUKOPUCTOBYBaMM TKAHWUHU TIOQUHN:
TPYAHWIA M3, BENVKWIA YineLlb, NETEHi, HKKY KULLKIBHVKA.
Lli opranu niglumeanu 4o cepus, LWISXOM HeOaHrioreHe3y
YTBOPIOBAINMCS HOBi CYAWHW, SKi NPOHUKaNW B Miokaps i
3abe3nevyBany 40AaTKOBUIA KPOBOTIK 10 HBOTO.

Yci ui onepauii 6ynn cnpsiMoBaHi Ha CTBOPEHHS AoaaT-
KOBMX LLMISIXIB MPUTOKY KPOBI 0 CepLst, BTiM BinbLUICTb LiyX
METOZIB NPU3BOAWMM NULLIE A0 HE3HAYHOTO MOKPALLEHHS
KpOBOMOCTa4aHHs Miokapaa.

TexHi4HY MOXNUBICTb MPOBEAEHHS onepauii 3 aop-
TO-BiHLIEBOTO LUYHTYBaHHA AosiB A. Carrel 8 1910 pouj, konm
3AiICHVB MepLUy ekcnepuMeHTanbHy cnpoby KOpoHapHOT
peBackynspusadii, 3'e4HaBLUM HU3XigHY aopTy 3 NniBoto BA
y cobaky Ta BUKOPUCTABLLM ik KOHAYIT YacTuHy ii BnacHoi
COHHOI apTepii [7].

Xipypr 3 ITanii D. Fieschi B 1939 poui 3actocysas ne-
peB’a3ky a. thoracica interna (BHyTpiLLHS rpyaHa apTepis,
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BIA) y apyromy mixpebep’i cnpasa, o6 36inbwinTy npuTik
KpoBi 40 cepus Yepes 6GiyHi rinkv BI'A Ta HasBHi ekcTpa-
KOpPOHapHi aHacToMo3u. [ns nocuneHHs edheKTUBHOCTI
npoLeaypy noyany BUKOHyBaTy binatepanbHy nepes’ssky
BIA. Micns npoBeneHHs Takoro BTpyyaHHs 95 % navjeHTis
Bif4YnM 3MeHLLEHHs 60MbOBOI CUMMTOMATYKM [8].

Y 1946 poui xipypr 3 KaHagu A. Vineberg ynepue
ckenetysaB BI'A Ta BLUMB ii B Miokapa nopyu i3 nepegHboto
MiKLLMYHOUKOBOIO rinkoro (MMLLT). Yepes m'atb pokis cno-
cTepesxeHHs Maike y 70 % navieHTiB cTaH MOMITHO NMokpa-
LLMBCS, | BOHW NOBEPHYNNCS [0 POBOTK; piBEHb CMEPTHOCTI
6yB foCTaTHLO HN3bKNIA — 4,3 % [9].

Y 1946 p. C. Beck 3acTocyBaB cMCTEMHUI a0PTO-BEHO3-
HWI aHACTOMO3, HaKIaZakum 0ro MixK HU3XIAHOK aopTO
Ta KOPOHAPHUM CHYCOM 32 [JOMOMOTOK CErMeHTa COHHOI
aprepii (nepLwni etan, onepauis bek-1), a notim yepes 2-3
TWKHI BUKOHYBaB NepeB'si3Ky KOPOHApHOTo CyHYyCa (apyrui
eTan, onepauis bek-2). Takum unHom, kpoBoTik 4o BA Big-
©OyBaBCA y peTporpagHoMy HanpsiMKy — Yepes BiHLIEBI BEHN
[10]. Y 1953 poui G. Murray 3anponoHyBaB 3acTOCOByBaTu
TaKuil aHaCTOMO3 He 3 KOPOHapHUM CuHYcoM, a 3 BA [11].

Y 1953 poui B. [leMixoB ycniLLHO NpOBiB eKcrepuMer-
TarnbHe HaknazfeHHs aHacTomo3y Mix BI'A Ta BA y cobaku,
a G. Murray BuKOHaB Take BTpy4YaHHs Ha moguHi. Y 1960
poui R. Goetz Ta Woro konerut y wnutani Baxn ETTeH, y
BpoHkci (Hbto-/opK), BUKOHANN aHacTOMO3 MiX Mpasoto
BI'A 1a npaBoto BA 3a 1onomoroto 6e3LLoBHOI TeXHiKK. [ns
3'e[JHaHHS CyVH BOHW CKOPUCTANNCA TAHTANOBUM KiflbLieM
«Rosenak» manoro fiametpa. Yac HaknagaHHs Takoro
aHacToOMO3y HaA3BMYaNHO KOPOTKWIA — e npubnmnaHo
17 cekyHg [12]. OpHak, ue 6yna eguHa Taka onepauis, Ky
3nincHuB R. Goetz.

MepLui BTpyyaHHs Ha BA Bukonanu C. Bailey i konerny
1957 poui [13]. Lie 6yna meToamka eHgapTepekTomii 3 BA,
32 aHanorielo 3 eHgapTePEKTOMIELD 3i CTErHOBOI apTepil,
Aky Bnepwe 3ainchme J. C. Dos Santos 3 Moptyranii y
1947 poui. Y 1961 poui A. Senning, xipypr 3i LLBeuii, Bu-
KOHaB nnacTuky nisoi BA 3a JonomMoroto nepukapgiansHoi
natku, 36inbLUMBLLM NpocBiT cToBOypa NniBoi BA [14]. Yepes
kinbka micsuis y M. Knisneng (CLUA) D. Effler sactocysas
TaKy camy TeXHiKy nepukapaianbHOro matya 4o NiBoi Ta
npaeoi BA [15]. Ha xarnb, KopoHapHa eHaapTepekToMist
Ta NnacTvka He nokasanu NepeKoHNMBUX Pe3ynbraTiB y
peBackynapusadii Miokapaa.

Onepauiito 3 aHacTomosysaHHs BI'A 3 BA 3 BikopucTah-
HSIM LLOBHOI METOAMKM HaKNafeHHs1 aHaCTOMO3y Ha CepLli,
LLIO NPaLOE, 3 BUKOPUCTaHHSM f1iBOT NepeaHb0i TOPaKoTOMii
ynepLue BukoHaB B. Konecos 25 ntotoro 1964 poky [16].
3rogom Ls npoueaypa oTprMarna Ha3sy Mamapo-BiHLEBNI
aHactomo3, a B. Konecosa BM3HaHO pofoHayarnbHUKOM
MEeTOAMKM MPSIMOI peBacKynspu3aalii Miokapga — mama-
PO-BiHLIEBOTO LUYHTYBaHHSI. 3 LIbOrO Yacy BTPyYaHHs!, siki
MoKpaLLlyBanu KpoBOTiK MO ypaxeHii BA, BU3HauaTb sk
npsiMi METOAM peBackynsapu3aLii Miokapaa, a iHLLi, siki nocu-
TIOKOTH KonaTeparbHe KPOBOMOCTa4aHHs cepLst, — HenpsiMi.

MisHiwe BIA BM3HAYeHO SK 30MOTWUI CTaHAAPT ANs
TpaHcnnaHTauii npu ABLL, a 3actocyBaHHst 060x BI'A mae
nepeBary Haj BUKOPUCTaHHAM Tinbku nisoi BIA. Tak, y
MeTaaHanisi nokasaHo: M'ATUPiYHA BMXMBAHICTb TpaHC-
nnaxTara npu binatepanbHOMY LUYHTYBaHHI 3 3any4YeHHAM
060x BI'A ctaHoBuna 85,15 %, a npu BUKOPUCTaHHI oaHiel
BIrA - 80,77 %, i us TeHaeHuis 36epiranaca ao 15 pokis
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CMOCTEPEXEHHS; piBEHb CMEPTHOCTI cTaHoBMB 2,41 %
npotn 1,71 % BuNazakiB BiAMOBIAHO, X04a 3 AELLO BULLMMM
NoKasHWKamMu NOBTOPHUX MicnsionepauiiHnX BTpyYaHb
yepes kpoeotedy (3,75 % npotu 2,91 % BignosiaHo) Ta
iHdekuii paHu rpyauun (3,02 % Ta 1,95 % BignosigHo)
[17]. Y pexomenpauisx ESC / EACTS 3 pesackynspuaaii
MioKkapza nokasaHo anbTepHaTVBHe (LLoAO MPOMEHEBOI
aptepii) BUkopucTaHHst 06ox BIA, sike cnip posrnsigati y
MavjeHTIB, SKi HE MaloTb BUCOKOTO PU3NKY iHKDEKLi paHu
rpyavHm [18].

Y CLUA 9 TtpaBHs 1967 poky Xipypr 3 ApreHTuHM
R. Favaloro BukoHaB nepLly OOKyMEHTanbHO nigTBep-
[DKeHy onepaLito 3 LUYHTYBaHHS i3 3aCTOCYBaHHSAM BEMUKOI
MIGLIKIPHOT BEHN Y 51-piYHOI XiHKW 3 MOBHOKO OKMHO3iEHD
NPOKCUManbHOI TPETUHM NpaBoi KOpOHapHOi apTepii. Lle
6yna onepauis «BEHO3HOI IHTEPNO3NLi», KOMK ypaxeHy
4acTuHy npaBoi BA pesekTyBany i npoTesyBarnu ayToBEHOH,
HaKnafak4m aHacToMO31 3a TUMOM KiHellb Y KiHews. Oco-
6ucto R. Favaloro BYKOHaB M'ATHaAUATL Takux NpoLeayp.
Mip yac n'aTHapusaToi onepauii (19 xoBTHS 1967 poky)
oMy [OBENOCs NPOKCUMArbHY AiMsIHKY ayTOBEHMW BLUMTM
Yy BUCXIOHWI BifZin aopTh Yepe3 aHaToOMiuHi 0cobnmBoCTi
ypaxeHHs BA y nauieHta. Came Taka TexHika BusBunacs
ONTUMAarbLHOK METOAMKOK BTpyYaHHs [19]. Tomy B ranyai
kapaioxipyprii came R. Favaloro BBaxaroTb nepmm Xxi-
PYprom, skuii NoYaB CMCTEMHO 3aCTOCOBYBATW OnepaLito
aytoBeHoaHoro ABLL i3 BiaTBOptoBaHUM pesynratoMm. [lo-
PIBHSHO 3 eHAAPTEPEKTOMIE Ta NnacTukowo BA wmatkom
BEHW 4¥ Nepukapaa s onepauis Aae 3Mory oTpumaru
CNPUATAMBILLI pesynbTaTy.

MikpoxipypriuHy TexHiky onepaLii i3 3aCTOCyBaHHAM
iHTpaonepaLinHoro Mikpockona npu HaknagaHHi Mama-
pO-BiHLIEBOTO aHaCTOMO3y BriepLue BukopucTas G. Green'y
1968 poui B CLLA[20]. MoTim Lito METOAMKY BiH NOLIMPKB i HA
aytoBeHo3He ABLL. Green G. ynepLue BUKOHaB HaKNageHHs
ANCTanbHOrO0 aHaCcTOMO3y MiX KOHAyiToM i BA 3a Tvnom
kiHeub Y GiK, LU0 MOTiM cTano cTaHZapToM npu onepawisx
3 WyHTyBaHHs BA.

[ns pesackynapusadii nig yac ABLL moxe 6yTn BuKko-
PUCTaHMI BEHO3HWI Ta/abo apTepianbHWUi TpaHcnnaHTar,
ane BigJaneHi pesynsraTv NPOXiAHOCTI LMX KOHAYITIB Bia-
pisHsOTLCA. 3rigHo 3 pesynbTatamu gocnipkeHHs F. Loop
et al., gecaTvpiyHa BUXMBAHICTb TpaHCcNnaHTara y rpyni,
ska otpumysana nisy BI'A go MMLUT, nopiBHsHO 3 rpynoto,
sika oTpumana ayToseHy, ctaHosuna 93,4 % npotv 88,0 %
AN51 NaLieHTiB 3 0fHOCYAMHHMM ypaxeHHsaM, 90,0 % npotu
79,5 % — 3 ABOCYNHHUM ypaxeHHsM, 82,6 % npotn 71,0 %
— i3 TPUCYOMHHWM YpaXKeHHAM. Y NauieHTiB, ski Manu nuwe
BEHO3Hi TpaHcnnaHTaTh 3ahikCOBAHO BULLi PU3NKN CMEPTIi
npotarom 10 pokie — y 6,1 pasa, Ni3HLOro iHapKTy Mio-
kapada — B 1,41 pasa, rocnitanisauii 3 npuBoay cepLeBux
nogin — B 1,25 pasa, NOBTOPHOI onepaLii — BABIYi, Mi3HiX
cepueBux nogin — B 1,27 pasa nopiBHSHO 3 navjieHTamu,
koTpi oTpumanu BIrA sik apTepiansHui rpadot [21]. Li aaHi
3YMOBWM AOLIMBHICTb MPOAOBXEHHS MOLLYKY iHLLIMX [Ke-
pen apTepianbHUX TPaHCMNaHTaTiB.

Y 1972 poui A. Carpentier BnepLue B1KopucTaB npo-
MEHeBY apTepito (a. radialis) sk TpaHcnnaHTat ans ABLU
[22]. BoHa Mage nokasHuky npoxigHocTi 4o 92 % yepes pik
Ta 80 % yepes 5 pokis, Konu LUYHTOBaHa LinboBa BA mae
creHo3 noHag 90 % [23]. Y 15-piyHomy paHaoMi30BaHOMY
gocnigxeHHi RAPCO noBigomunn npo 3Ha4YHO HMkKYi
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MOKa3HWKW CMEPTHOCTI, iHGhapKTy Miokapaa Ta NOBTOPHOI
peBackynsipusauii y pasi BukopuctanHs ans ABLL npome-
HEBOI apTepii NOPIBHAHO 3 TpaHCMaHTaTaMy NigLWKIPHOI
BeHu Ta npasoi BI'A [24].

3ripHo 3 pekomeHpauiamm ACC / AHA/ SCAI 2021 poky
3 peBackynsapwsadlii BIHLEBWX apTepil, TPOMEHeBY apTepiio
MepeBaxHO BYKOPUCTOBYIOTb SK TPAHCMMAHTaT [0 Apyroi
3a 3HauyLLicTIo LinboBoi BiHUeBOI apTepii nicns MMLLT 3i
3HaYHNM CTEHO30M. Lle 3yMOBMEHO i BULLIOKO MPOXIAHICTIO,
3HUXEHHSM 4acTOTU HECMPUSATIIMBUX CEPLEBUX MOZIH i
KpaLLoKo BIDKMBAHICTIO [25].

Y 1987 poui H. Suma noBigomMmB Npo 3acToCyBaHHs!
npaBoi LWNYHKOBO-YeNLUeBoi apTepii (a. gastroepiploica
dextra) ans pesackynsapuaaliii miokapaa [26]. Ti Bukopu-
CTaHHSI MOXMNMBE NS NaUieHTIB 3 aTepOCKNEPOTUYHIM
YPaXEHHAM BUCXIQHOTO BifZiMy aopTv Ta Npy NOBTOPHUX
BTPyYaHHsIX Ha BA i3 3any4eHHsIM Me3eHTepianibH1X CyanH
ANs peBackynspusadii giajparmarnbHoi NOBEPXHi cepLis.
Ll aptepis mae Bucoky goctynHicte ans ABLL, Huabky
4acToTy aTepoCKIepo3y, AOCTaTHIO MPOMYCKHY 3AaTHICTb
KPOBOTOKY Ta 36epirae CBOH npoxiaHicTb y 97,1 % Bunaakis
yepes 1 micsub, 92,3 % — yepes 1 pik, 85,5 % — yepes 5
pokig, 80,9 % — vepes 7 pokis i 66,5 % navieHTie yepes 10
pokis nicns onepadii [27]. Y 1990 poui L. Puig 3actocysas
HWXHIO HaZl4epeBHY apTepito (a. epigastrica inferior) Ta oT-
pVMaB 3iCTaBHi pesynsTaTii, OfHaK Taki apTepianbHi rpadtn
BUKOPWCTOBYIOTb 3HA4HO piaLe, Hix BIA Ta npomeHesy
aprepito [28].

HwHi B3aTTa TpaHcnnaHTtata Ana ABLU — miHimansHO
iHBa3WBHa npoueaypa 3 MiATPUMKOK €HAOCKOMIYHOI TeX-
Hikv 4nsi CTBOPEHHS MiALWKIPHOMO TYHENH, WO Aae 3MOry
BUKOHYBATW TOUHY AWCEKLLIO CYOUHWU, MIHIMI3yHoun TpaBMy
rpadta Ta HaBKOMMLLHIX TKaHWUH.

EHpockoniyHmin 3a6ip BENVKOI NiALLKIPHOI BEHY BiepLle
onvcann A. Lumsden etal. y 1996 poui [29]. Y cuctematiyHo-
my ornsgi ISMICS BcTaHOBNEHO, LLO EHAOCKOMIYHUIA METOR,
BUOKPEMITEHHS! MIALIKIPHOI BEHW Ta NPOMEHEBOI apTepii Sk
CTaHAapT NikyBaHHS NOPIBHSHO 3 BIAKPUTO METOAUKO Mae
He MeHLLY eq)eKTUBHICTb LLOAO MPOXIBHOCTI, SIKOCTi Ta TSHKKMX
HECMPUSATIIMBIX CEPLIEBMX NOZIA. Y pasi 10ro BUKOPUCTaHHS
BW3HAYEHO ICTOTHE 3HIDKEHHS YaCTOTU PaHOBUX iHIEKLH i
306iMbLUEHHSA 330BONEHOCTI NaLiEHTIB LL0AO0 KOCMETUYHOO
eeKTy Ta HU3BKOTO piBHA nicnsionepadinHoro bonto. Lie nae
nincTaBy pekoMeHayBaTV eHLOoCKONiYHWIA 3a6ip NiALKipHOT
BEHV Ta NPOMEHEBOI apTepii K CTaHAapT NikyBaHHS Nopis-
HSHO 3 BigkpuTM criocobom [30].

Po3BWTOK €HOOCKOMIYHOT TEXHIKM OTPUMaHHS rpadTis
MpW3BiB 4O BMPOBALKEHHS aTpaBMaTUYHOTO METOAY B3SATTS
niaLUKipHOT BeHW «6e3 poTuky» (no touch), Lo nepeabayae
MiHiMi3aLlito MaHinynsLii i3 TpaHCMNaHTaTOM LLASIXOM BUAi-
MEHHs BEHWU Pa3oM i3 HABKOMMLLHIMW NEPVUBACKYMSAPHUMM
TKaHWHamu. 3rifgHo 3 pesynsTaTamu paH4oMi30BaHOro
[OCTIIKEHHS, BUSBNEHO CTATUCTUYHO 3HAYyLLe Mokpa-
LLIEHHs! MPOXIAHOCTI B rpyni NaLieHTiB i3 BUKOPUCTAHHAM
TEXHiku «6e3 JOTVKY» NOPIBHSHO 3 TPAAMLINHAM METOAOM
OTPUMaHHs1 TPaHCMMaHTaTiB NigWKipHOI BeHM, Wo 36epi-
ranocb nporsarom 16 pokis (83 % npotu 64 % Bunagkis
BiANOBIAHO) Ta 3iCTaBHe i3 NMPOXIAHICTIO TpaHCMNaHTaTa
nieoi BI'A (88 %) [31]. Lis aTpaBmMaTu4Ha mMeTogmka cnpusie
MOKPALLEHHIO NPOXiAHOCTI, 3MEHLLIYE Finepnnasito iHTuMu Ta
MpOrpecyBaHHs aTepOCKIEPO3Y B LLYHTI 3aBASKN 3aXMCHUM
BMacTUBOCTSIM okcuay asoty [32]. Lleit cnocib uaineH-
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HS MiALIKIPHOT BeHM nepepbadae Takox BUKOPUCTaHHS
yNLTPa3ByKOBOIO CKasbnens, kUi 3MeHLye TepMidHe
NOLUKOKEHHS! TpaHcnnaHTarta [33].

[ns aptepianbHUX i BEHO3HWX KOHAYITIB XapaKTepHi
nporpecyBHa rinepnnasis iHTUMK, Cnasm, 3anarneHHs Ta
noAarbLLUNiA PO3BMTOK aTePOCKNEPO3Y B iXHil CTIHL, BUHWK-
HEHHS1 TPOMDO3y Ta HEMPOXIAHOCTI LYHTA, LU0 acoLiioBaHa
3 HedpaTarnbHUMM CEpLEBUMM MOAISMU, @ TaKOX 3i CMEPT-
HicTio nicns ABLU [34]. Tomy meToagu 3abopy KOHAYiTiB,
30epexeHHs ix 4o peiMnnaHTaLii B KOpOHapHWIA KPOBOOOI i
¢hapmakonoriyHa nigTprMKa B iHTpa- Ta nicnsonepauiiHomy
nepioi € ronoBHUMU hakTopamu Ans 30epexeHHs CTpyK-
TYPHOI, OyHKLIIOHAMNbLHOI LiNiCHOCTI Ta TpMBanoi epeKTUBHOI
pobotw rpadi [35].

HwvHi po3pobneHo Ta akTMBHO BNPOBagXyKTb Y
npakTuky ManoiHeaueHi Metoam ABLL i3 3acTocyBaHHAM
MiHigocTyniB, BigeoacucTeHLUii, pob0TM30BaHOI TEXHIKY,
ribpuaHvx nigxogis y xipyprii BA, BUKoHaHHsIM onepalii Ha
cepui, Lo npautoe, 6e3 BUKOPUCTaHHS anapata LUTYYHOro
kpoBoOoGiry ToLO. [1Nst YHUKHEHHS! AOBMUX | TPABMATUYHIX
pO3pi3iB rPYAMHM NOYanu BUKOPUCTOBYBATU XipyprivHui
[0CTYN Ha 0CHOBI TopakoToMii. ManoiHBaavsHe npsiMe aop-
TO-BiHLeBe LWyHTyBaHHS (minimally invasive coronary artery
bypass grafting, MIDCAB) po3po6neHo y cepeauHi 1990-x
POKIB i3 3aCTOCYBaHHAM MepeaHbOi MiHiTopakoToMmii. Taky
npouenypy ABLL 'y 1996 poui BukoHaB A. Calafiore (ITanis)
y 155 nauieHTiB 3 i3onboBaHUMK ypaxeHHsmu NMIMLLT [36].
MiHiwe metopmky onepadii MIDCAB cTraHaapT3oBaHo 1
onucaHo V. Subramanian y 2001 pou;i [37]. ABLL 3 Bukopuc-
TaHHAM TexHiku MIDCAB [goci LIMPOKO He 3aCTOCOBYHOTh,
OfOHaK MiATBEPMKEHO BE3NeYHICTb MeToay Ta OTPUMaHO
CrpUSITIINBI NOKa3HWKI BIKMBAHOCTI y peTenbHO BigibpaHux
navieHTis. L|i aaHi 06rpyHTOBYIOTb AOLIMNBHICTb BUKOPUCTaH-
HS1 L€ TEXHIKW Y BENWKMX CriewjianiaoBaHux LieHTpax [38].

[1ns1 iCTOTHILLIOTO 3HUXEHHS PiBHA onepavinHoi TpaBMM
Kapaioxipypri BipoBaamIiv TOpakocKOMiYHY METOAVKY BUKO-
HaHHs onepaLii ABLLI, a 3rogom — poboTr3oBaHi TexHomorii.
3okpema, po3pobneHo metoauky onepauii TECAB (totally
endoscopic coronary artery bypass grafting) — nosHicTto
eHpockoniyHe ABLL, konu Bci eTany onepaii BUKOHYIOTb
Y 3aKPWTIN TPYAHIN KIITL N NOBHUM €HAOCKOMIYHUM KOHT-
ponem i3 poboTI30BaHO acucTeHLiet0. Bneplue Take BTpy-
YaHHS BUKOHana komaHaa nig kepisnuuteom D. Loulmet y
®paHuii 8 1998 poui [39].

EBontouis poboTnaoBaHux cuctem y Xipyprii Binbysa-
niacs NOCni0BHO Bif 3aCTOCYBaHHS aBTOMAT30BaHOI eH-
[0CKOMIYHOT CUCTEMM ONTUYHOTO No3nLioHyBaHHs (AESOP,
poboT-MaHinynsaTop A4Nns ynpasniHHA eHAockonom), po6o-
TW30BaHOI XipypriuHoi cucTemn «Zeus» (poboT i3 kinbkoma
MaHinynsaTopamu fns nanapockonivyHUX BTPyYaHb), A0
Cy4YacHOi Ta e4MHOI KOMepUiliHOT KIiHIYHO JOCTYNHOT
poboTtuaoBaHoi xipypriyHoi nnarcopmu «da Vinci», wo
CcxBarieHa YnpaerniHHAM 3 KOHTPOITIO 32 Xap4OBUMY NPOAYK-
Tamu Ta nikapcbkumu 3acobamu (FDA) CLUA y 2000 poui.
MpoBeaeHHs pobotusosaHoi npoueaypn ABLL Ha cepuj,
LLIO MpaLitoe, CTano MOXMBMM 3aBASKM YCMiLLHINA po3pobui
XipypriYHOro iHCTpyMeHTapito, 3okpema crabinizatopis
cepus Ta cTenrnepa, Lo pobnsTs MOXIMBIM i CIPOLLYIOTb
BWKOHAHHS HAZJBXKIMBOTO [N151 KAapZioxipyprie eTany npo-
uenypv ABLL — HaknageHHs AUCTanbHOro aHacToMO3y Mix
rpachtom i BA. Lli 3axoan 3abe3nevytoTb BUCOKMIA CTYMiHb
npoxigHocTi TpaHcnnaxTara [40].
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Taki MmanoTpaBmaTYHi XipypridHi nigxoau Ao peBacky-
nsipu3auii Miokapaa MarTb YCi nepeBarn MiHiiHBa3vBHOI
Xipyprii, 30kpeMa NoB’si3aHi 3 YHUKHEHHSM CTEPHOTOMIl,
MEHLUMMW 32 [JOBXWHOK pO3pi3amu, MiHiMi3aLliel BUKO-
PUCTaHHS LUTYYHOrO KPOBOOBIry, 3MeHLLEHOoW noTpeboto
B NEepenuBaHHi KPOBI, HVKYOK YaCTOTOH iHGEKLN Y MicLi
XipypriyHoro BTPy4YaHHs, WBUAWOKW peabiniTalieto Ta
BULLMM piBHEM KOMCOPTY NaLlieHTa, KOpoTLLMM NepiogoM
BiJHOBINEHHS1 Ta MOBEPHEHHS 40 MOBHOI (Di3NYHOI aKTUBHOC-
Ti. Pa3om i3 Tum, 3aCToCyBaHHs! Takvx TEXHOMOTiN 0bMexeHe
BWCOKO BapTICTIO NpoLeayp, TEXHIYHAMW TPyAHOLAMM,
MOXTMBOCTAMY 3aKnajiB LLOAO iX BNPOBAKEHHS Ta Hefo-
CTaTHICTIO paHZOMI30BaHNX KOHTPONbOBAHUX AOCHIMKEHD
eekTuBHOCTI Ta 6e3neku Lmx TexHonorin [41].

MNopiBHsiHO 3 ABLL cTEHTYBAHHS € HOBILLIOK METOAMUKO
pesackynspwuaauii. luwe yepes 10 pokie nmicns sacTo-
cyBaHHs ayToBeHo3Horo ABLU R. Favaloro, y 1977 poui
A. Griintzig (Hime44nHa) onvcas abcontoTHO HOBMIA MeTor,
peBackynsipu3adii BA wisxom eHgoBackynspHoi gunarawii
6arnoHHNM KaTeETEPOM CTEHOTUYHOIO YpaXKeHHs cToBOYpa
nisoi BA [42]. Lisomy nepepysanu po6otu C. Dotter, skuii
3a [JOMOMOTOH) KOaKCiarnbHUX KaTeTepiB BUKOHYBaB EH0Ba-
CKYNSIpHY AunaTaLito CTEHO30BaHNX NepUepUYHUX CYaMH.
Tak, y 1964 poui BiH BUKOHAB aHrionnacTuky noBepxHeBoi
CTErHOBOI apTepii 3a JOMOMOTOK CUCTEMM KOaKCianbHMX
KaTeTepiB i BpATYBaB NaLi€HTKy Bif ammyTaLii HWKHBOI
KiHjiBku [43]. PoBoTy y LibOMy HanpsiMi NPOJOBXMB came
A. Griintzig, skun y 1974 poui pospobus 6anoHHuit kaTe-
Tep, WO Npu po3ayBaHHi HabyBas hopmu LMniHApa, a He
kyni. Bubip matepiany ans ctiHok 6anoHa rpyHTyBaBcs Ha
pesynbTaTax YMCMEHHUX eKCnePUMEHTaNbHUX AOCTmKeEHb,
sIKi HayKOBeL|b BKOHaB 0COBMCTO y iIoMaLLHix ymoBax. Ta-
KM MaTepianom CTaB He M’k NaTekc, sk y 6anoHHoMy
katetepi dorapTi, AKUA yxe LUMPOKO BUKOPWUCTOBYBAmM
Yy CYAWHHIIA Xipyprii, @ GinbLL OpcTKuiA NoniBiHINXnopuza.
[iameTp Lporo 6anoHHOro katetepa OyB 3aBEnUKUM A5t
3acTocyBaHHs y BA, TOMy MOro BUKOPUCTOBYBanM Tirlbku
ANna gunatauii nepudepuyHnX apTepin: 3ayXBUHHMX,
CTErHOBWX i HUPKOBMX. KoxXeH Takuii GanoHHUin katetep
BUrOTOBNSANN BPYYHY 1 iHAMBIZYanbHO, Nig po3Mmip LiinboBOi
CyOMHU KOHKPETHOTO NavieHTa.

Yepes Tpn poku A. Griintzig Baanocs BUroToBUTH
6anoHHi kateTepn HeobxigHoro po3mipy Ans BA. AHrio-
nnacTuky BA pocnigHvk BukoHaB 9 TpaBHa 1977 poky
6esnocepenHbo nepes ABLL: iHTpaonepaliitHo, Yepes Big-
KpUTY TPYAHY KMiTKY NavieHTam npoBOAMAM apTEPIOTOMI0
cybenikapgiancHoi BA, BcepeauHy 1i npocBiTy 3aBogunu
6anoHHWI KaTeTep i3 HAaCTYMHWM 10T PO3LUMPEHHsM. Mep-
Ly YepesLuKipHy kopoHapHy aHrionnactuky A. Griintzig
BUKOHaB 16 BepecHst 1977 poky naLieHToBi Bikom 38 pokis
3i cTeHo30M cToBOYpa niBoi BA, JOCArHYTO CNpUATMBIUX
KniHiYHWX pe3ynbrartiB [44].

Ha yectb uiei nogii y 2022 poui Opranisauis O6'egHa-
HUX Hauin nporonocuna 16 BepecHs MixxHapogHum gHeM
iHTepBeHLUinHoI kapaionorii. Taky npoueaypy A. Griintzig
Ha3BaB Yepe3LLKIPHO TPaHCMIOMIHAMBHOK KOPOHAPHOK
aHrionnacTyKolo i 3anpoBaduB HU3KY LLOPIYHMX KYpCiB
ANS KapZionorie 3 yCbOro CBiTy 3@ HOBOK METOAWKOK
pesackynspusadii BA.

lMpoTe HeBAOBSi 3'ACYBaNOCs, L0 PesynbTaT aHrionnac-
TUKV € JOBOMi KOPOTKOYACHUM YEPE3 PO3BUTOK PECTEHO3Y
B MiCLli BTpy4aHHs1. Y 10ro OCHOBI — NPOLECH HeraTyBHOMO
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peMofentoBaHHs CyanHW pasoM i3 nponidepaLiieto eHpoTe-
nito, MirpaLlieto rmaeHbKOM S30BUX ETEMEHTIB Y HEOIHTUMY,
a TakoX nporpecyBaHHsi atepockneposy. Lle symosuno
HEeODXiAHICTb 3aCTOCYBaHHA MIATPUMYBamNbHUX Kapkacis
ANS CYOUHHOT CTIHKM NiCns aHrionnacTuku.

Tak BuHMKana HoBa npouedypa — CTEHTYBaHHS, L0
nonsirae y 3abesneyeHHi MexaHivyHOi NiATPUMKM CTIHOK ap-
Tepii LLNSAXoM iMnnaHTauii cTeHTa B AinsHLUi Gnswwku nicns
6anoHHOI aHrionnacTuki ans 36epexeHHs [OCTaTHLOMO
[JiameTpa NpoCBIiTy apTepii, NiATPUMKIL afeKBaTHOro KPOBO-
TOKy N0 BA, NpuTUCHEHHS NOLIKOMKEHOT BaNOHOM iHTUMU
Ta 3anobiraHHst MOXXNMBOMY NOAANbLLLOMY ii BifLapyBaHHI0
yepes AWCeKLto, sika 3aBXay BUHMKaE npu Aii 6anoHa 3
BVCOKMM TVCKOM Ha CTiHKY CYyAUHMW.

TepMiH CTEHT, iIMOBIpHO, NOXOAMTb Bif iMeHI GpuTaH-
cbkoro ctomartonora C. Stent, BigoMoro 3a 4ocsrHeHHSMU
B rasysi BUroTOBMEHHS 3yOHUX 3ninkiB i npotesiB. Y 1964
poui C. Dotter po3po6uB KOHLEMNLL0 EHAOBACKYISPHIX
LUVH, 3anponoHyBaB iMNMaHTyBaTH iX ANS NiABULLEHHS
cTabinbHOCTI ypaxeHoi apTepii Ta BnepLue Ha3BaB Taki
MPUCTPOI CIOBOM CTEHT [45].

[NepLunit KOpOHAPHWIA CTEHT, SIKMIA CroYaTKy HasuBanu
«KOpPOHApHWI eHOoNpoTe3y, imnnaHToBaHwit J. Puel B
YHiBepcuTeTChKii nikapHi B M. Tyny3i (PpaHuis) 26 6epes-
Hs1 1986 poky Ta U. Sigwart, y llosanHi (LLBeruapis) 12
yepBHs 1986 poky. Lli xipypru nepLummm nosigommnm npo
KniHiYHe BUKOPUCTaHHS CTEHTIB Anst 3anobiraHHs rocTpin
OKMI03ii Ta pecTeHo3y NiCns YepesLLKipHOi TpaHCMoMi-
HarnbHOI aHrionnacTuku [46]. YCknagHEHHs CTEHTYBaHHS
BrepLue onucas Takox U. Sigwart: yepes 3 micaui nicns
imnnanTauii cteHTa B MMLUT y naujeHTa BigHOBMBCS ne-
pioauyHuMi 6inb y rpyasx, a 3a 4aHuMK kopoHaporpadii
BWSIBIIEHO PECTEHO3 Y CTEHTI.

Y CLUA 'y uer nepiog Takox po3pobnsinm ta Bunpo6o-
ByBany Taki npucTpoi. IHTepeeHLinHui pagionor J. Palmaz
BUHANLLOB CTEHT, WO po3WuploeTbes 6anoHom. Lien
BMHaXxif 3anaTeHToBaHO Ta BKIOYeHO Ao cnincky 10 Hain-
BaXNMBILLMX BUHaxogiB ntoactea. J. Palmaz i R. Schatz
3MeHLUMIM po3Mipn cTeHTa Palmaz, wob 1noro MoxHa
6yno BrkopucToByBaTU y BA, Ta 3ailicHUNM JocnimkeHHs
Ha TBapuHax [47]. Y xoBTHi 1987 poky J. Palmaz imnnaH-
TyBaB NepLLnin 6anoHOPO3LLMPIOBaHWIA CTEHT MaLieHTOBI B
HimeyumHi. Y Tomy camomy pouii B M. Can-Nayny (bpasunis)
iMMIaHTOBaHO NEPLUNIA KOpOHapPHWIA cTeHT Palmaz—Schatz.

Y el camuin yac rpyna B4eHnx 3 Yrisepcutety Emopi
(AtnanTa, CLUA) nig kepiBHuuTBOM G. Roubin gocniguna
Ha TBapMHax CaMOpPO3LUMPIOBAHWIA CTEHT, po3pobneHuin
S. Gianturco, BUHaxigH1KOM OKMHO3iHUX cripane i3 HiTiHo-
ny [48]. Y pesynbrari pocnimkeHb STRESS i BENESTENT
[I0BEAEHO, LLIO iMNMaHTaLlisi CTEHTa MOXe 3Ha4YHO 3HU3NTU
4acToTy pecTeHo3y nicns aHrionnacTuku. Tak, y pesynerari
MOPIBHSAHHSA rpyn NaLieHTiB Nicns aHrionnacTuk1 Ta nicns
CTEHTYBaHHS 3a(pikCOBAHO 3MEHLLIEHHS BiICOTKA PECTEHO-
3y —342,1% po 31,6 % y pocnigpxenHi STRESS i3 32 %
10 22 % y BENESTENT BignoBiaHo. BUsiBNEHO 3HKEHHS!
4acToTH HebaXaHMX KNiHIYHMX Modii Yepe3 6 MicAUB i
3MEHLLEHHS HeOOXiAHOCTI Y MOBTOpHIl peBackynspu3aaLii,
ane 3acikcoBaHo BinbLLy KinbKICTb CyANHHUX YCKNaAHEHb
y Micui gocTyny (remaTtoma, KpoBoTeYa) Ta TpuBanille
nepebyBaHHs nauieHTa B cTauioHapi [49,50].

Micns umx gocnimkeHb cTeHT Palmaz—Schatz 3ateep-
mxeHo FDA'y 1994 poui ons kniHiYHOMO 3aCTOCYBaHHS, a
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cTeHT Gianturco—Roubin cxBaneHuit Uieto opraHisauieto
nnwe y 2002 poui [51].

He3sBaxaloun Ha Taki NO3WNTWBHI pe3ynbTaTit CTEHTY-
BaHHS BA, BiOCOTOK pecTeHo3y B CTEHTi BCE OfHO CTa-
HoBwvB 20—40 %. KniHiyHO Lie Np13BOAMIO A0 MOBTOPHMUX
ilLleMiyHMX enisodi, WO HanyacTiwe notpebyoTb NoB-
TOPHOI peBackynspu3aLii. Tpurepom pecteHo3y nig yac
CTEHTYBaHHS € MiCLieBa 3ananbHa peakLisi y BianoBigb Ha
6apoTpaBMy CTiHKM CyAMHW 3 arpecuBHOIO rinepnnasicto
eHgoTenito, rnageHbKoM'S30BUX KNiTUH, dibpobnacTis.
BupilumTy Lito npobnemy focnigHNKM Hamaranmes LUNsSXom
3aCTOCYBaHHS iHLIMX maTepiasiB i cnnasiB Ans Kapkacy
CTEHTa, 3MEHLLIEHHS TOBLUMHY 10ro 6arok, BUKOPUCTAHHS
aHTUNPONiPepaTUBHINX PEYOBHH, SIKi HAHOCUIM Ha CTEHT
4N TpMBanoi MiCLEBOI LUTOCTaTUYHOI Aii Ha eHgoTenin
CyOMHM i MONIMEepHUX MaTepianis, LLO CMPWANM NOCTYMo-
BOMY KOHTPOIbOBaHOMY BUBIMIbHEHHIO (DapMaKonoriyHmx
npenapariB y CTiHKY CyAWHW.

CteHT MoXyTb ByTV edekTUBHUMK cucTemamu Ans
LinboBOI 4OCTaBKY NikiB, OCKiNbKM 3abe3neyytoTb TOUKO-
Be, MICLieBE BVBIMbHEHHS AKTWBHOIO iHrpedieHTa B 30HY
MOLLKOZKEHHs! CTiHK1 cyauHu. Kpim Toro, mpenapar, Lo
BMBIMNbHAETLCS 3i CTEHTA, MOXE MPUrHIYyBaTW CKNagHUN
Kackag nogin, siki Npu3BoaATb OO MOKPUTTS CTEHTa Lua-
POM HeOiHTUMW. TMOTEHLIHAMK LinsaMK Takoro BRAMBY €
obmexeHHs nponidepalii KNiTUH HeoiHTUMK Ta Mirpauii
rnafeHbKOM S30BUX KMiTUH i3 Meii (aHTunponicdepatveHa
Vi aHTUMIrpaLliiHa yHKUii), NpUrHiYeHHs 3ananbHux Mexa-
Hi3miB (MpoTr3ananbHa OyHKLsT), O MOB'3aHi 3 NPOLECOM
3aroeHHs!, a TakoX CTUMYMALiS NPOLeciB BigHOBMNEHHS
CyaMHM (penapaTtmBHa PYHKLIS).

Y 1999 poui E. Sousa (bpasunisi) iMnnaHTyBas nep-
LM CTEHT i3 MOKPUTTSM CUPOMIMYCOM, Skui yxe 3 2002
POKy CTaB KIiHIYHO AOCTYNHWUM. Tak 3'SBUNMCS CTEHTH 3
nikyBanbHuUM nokputTam (drug-eluting stent, DES), siki
MPOWLLIN Kinbka eTaniB pPO3BUTKY, a[PKe HWHi 3aCTOCOBYIOTb
nnatchopmm TPETLOI reHepaLlii, Lo BKpUTI BiopoaknagHum
nonimepom — Gionimycom [52]. 3anpoBamkeHHs B KIiHIYHY
npaktuky DES nopiBHSHO 3 ronomeTanesyMi CTeHTamu
(bare-metal stent, BMS) cnipusino nokpalleHHto pesynbsra-
TiB UKB, OCKinbKk1 4ano 3Mory 3HU3UTU PiBEHb PECTEHO3Y
B CTEHTI Ta YacTOTY NMOBTOPHWX peBackynsapuaaLin [53].

LLle ogHMM OBMEKEHHAM CTEHTYBAHHSI € HASBHICTb
Yy>KOPIAHOTO METANEBOrO KapKacy, KV 3anuLLIaeTsCs Bee-
peavHi cyanHu Ta 6e3nocepenHbo KOHTaKTYeE 3 i CTiHKaMm
Ta enemMeHTamMm KpoBi, MOTEHLINHO MiABULLYIOYM PUSKKK
FOCTPOro Y¥ MiZrocTPoro TpomMobo3y cTeHTa. MNogonaHHs Lsoro
py3unKy 0BI'PyHTOBYE 3aCTOCYBaHHS 11 YOCKOHANEHHS aHTy-
TpOMOOLMTAPHIX Npenaparis i NpU3Ha4eHHs NOABINHOT aHTK-
TpomboLMTapHOI Tepanii nicns npoLeaypy CTEHTYBaHHS K
CTaHaapTy BedeHHs nauliexTi nicns YKB. Cknag i Tpueanicts
NoABiHOT aHTUTPOMBOLMTaPHOI Tepanii 3Ha4HO 3MiHMMMCS
33 OCTaHHi pOoKW, TPaHCGHOPMYBAaBLUMCh B iHAMBIOYanbHY
CTpaTerito, L0 IPYHTYETLCS Ha BUSHAYEHHI PU3KKY iLuemii Ta
KpOBOTeui 3 iHAVBIAyanbHM GanaHcyBaHHAM M HUMM [54].

Kpim TOro, TexHika iMnnaHTaLlii CTeHTa 3 BUCOKAM TUC-
KoM y 6aroHi pi3ko 3HM31Na YacToTy MigrocTporo TPOMO03y
CTeHTa. BMKOPUCTaHHSA Cy4aCHWX TEXHOMOMYHUX METOZIB
BHYTPILUHLOKOPOHAPHOT Bidyanidauii nig yac npoueaypu
YKB nae 3mory BUSIBMSTY yCKMaAHEeHHs nig yac iMnnaHTauii
CTEHTa, BXMBATU 3aX0AiB AN YCyHEeHHs Lux npobrnem; Le
TaKOX CMpUsIE MOKPALLEHHIO PE3yNLTaTiB CTEHTYBaHHS [55].
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£AK NepcnekTUBHI HanpsIMW PO3BUTKY TeXHOMOrii
CTEeHTYBaHHs BMBYanu BiogerpagyBanbHi CTEHTU Ha OC-
HoBi nonimMonoyHoi kucnotu (Poly-L-lactic acid, PLLA), wo
mornm 6u cnpustu pe3opbuii MeTanesoro kapkaca 3 BA
Ta 3BIMlbHEHHIO CTiHKW CyOUHW Bifi CTOPOHHBOIO Tina Ans
3abesneyeHHs ii HopManbHOro hidioNoriYHOro (yHKLo-
HyBaHHs. OfHaK, Ha arb, BOHU acoLiioBaHi 3 BUCOKUMU
MoKasH1KaMu NicnsnpoLenypHIX ycknaaHeHb. Taki CTEHTU
MEeBHWIA Yac BUKOPUCTOBYBAMW B KIiHIYHIN NpakTvuj, ane
HWHI IX BUPOBHMLITBO MPUMMHEHe, X04a eKcriepUMeHTaNbHI
JocnimkeHHs GiogerpagyBanbHKUX kapkacis i3 noniMo-
TI04HOI, NONirMiKoNeBoi KACNOTK, MarHito Ta Moro cnnasiB
NPOJOBXYOTLCA [56].

CyyacHi CTEHT-CUCTEMW MatOTb HOBi TEXHOMOTIYHI
nnatgopmm 4N JOCTaBKU NiKapcbKoro npenapary, skui
MOCTYNOBO BUBINbHAETLCS 3aBASKW 6ioposknagHoMy noni-
mepy. BoHM MaloTb BiLL MOKa3HUKK Be3neku, KepoBaHoCTi
Ta pocTasky. lNpoueaypa CTEHTYBaHHS TakoX 3a3Hana
3HaYHWX 3MiH, nepeabavae peTenbHy MiAroTOBKY MicLs
BCTAHOBMEHHS CTEHTa 1 ONTUMI3aLil0 MOro PO3LLMPEHHS
nicns imnnaxTavii [57]. 3actocyBaHHs METOAIB BHYTPILL-
HbOKOPOHApPHOI BidyanisaLii pekoMeHzoBaHe nig Yac YKB
y NauieHTiB 3 ypaxeHHsM cToeBypa niBoi BA i1 aHaToMiuHO
CKIMafHUMM 3MiHaMW, HE3amNeXHO Bif KIiHIYHOTO CUHAPO-
My [58].

Okpemo cnif, po3rnsHyTH 6e3CTEeHTOBY METOAUKY A0-
CTaBky nikiB — entoToBaHi 6anoHHi katetepu (drug-eluting
balloon, DEB). MeTa nikyBaHHs nepenfayae micuesy Ao-
CTaBKy NiKiB 10 CyAMHHOI CTIHKM 3@ KOPOTKWIA MPOMIXOK Yacy,
konu 6anoH po3ayBaeTbCs | NPUTUCKAETLCS A0 iHTUMY 6e3
iMnnaHTaLji NOCTIHOrO MeTaneBoro kapkacy B CyauHy. dak-
TWUYHO, 3aMiCTb apMyBaHHS! CyAUHW CTEHTOM LISt TEXHOIOTis
peanisye npuHumn «leave nothing behind» — He 3anuwaru
Hivoro nicns cebe (MeTany y CTiHLj cyanHw).

3abesneyytoun roMoreHHy [0CTaBKy aHTuUnponide-
paTMBHMX NpenapaTtiB 6€3 BUKOPUCTAHHS METaneBuX i
nonimepHux kapkacis y BA, DEB matotb nepesaru Hag
TexHonorieto DES, 3okpema crnpusiioTb 36epexeHHio
aHaToMii Ta (PYHKLi CyAWH, HE CIPUYMHSIIOTL XPOHIYHOMO
3anarneHHst 1 YMoBIifIbHEHOTO 3ar0eHHs EHOTENO, @ TaKOX
3a0e3neyytoTb MOXIMBICTb MO3UTUBHOTO PEMOAEITIOBAHHS
BA nicns Takoi «6e3cteHToBoi» npoueaypw [59]. Taki 6a-
MOHHI KaTeTepy NOBMHHI MaTW JOCTATHIO THYYKICTb, TOHKi
CTiHKM | BUCOKY MeXaHiYHy MiLHICTb.

KpuTyHum napameTtpom Gesneku i edekTUBHOCTI
HaHeCceHoro Ha 6anoH NikapCbKoro npenapary € Te, WO BiH
Mage BMBINbHATICA PIBHOMIPHO 3 GaXkaHot0 LUBMAKICTIO 3a
KOpOTKWiA Nepiof Yacy i 6e3 BTpaTh edekTMBHOCTI. YCniluHe
3acrocyBaHHsi DEB notpebye Takox peTenbHOoi nigrotoskm
aTepOoCKNepOTUYHOTO YpaXKeHHs nepes annikadieto 6ano-
HOM i3 nikapcbkum nokputTaM. Huxi DEB 3acTocoByoTb
ans nikysanHs IXC de novo, pecTeHo3iB y CTEHTaXx, 3aXBO-
ptoBaHb APIOHMX CyawH, [OBrUX, BidhypkauiiHmx i andys-
HUX ypaxeHb, Nicns pekaHanisawii XPOHIYHWUX TOTanbHUX
okriozin BA [60]. Kpim Toro, navjieHT 3 BUCOKUM PU3NKOM
KpoBOTeui, AjabeToM i roCTpUM KOPOHapHUM CMHAPOMOM
TaKOX MOXYTb OTPUMATW MEBHY KOPWUCTb Bif aHrionnac-
TWKN 3 BukopucTaHHam DEB [61]. Btim, HesBaxatoun Ha
NOTEHLINHI KNiHiYHi nepesaru nnatdopmm DEB, ix wupoke
BMPOBaKEHHS Y MOBCAKAEHHY NPAKTUKY HWHI YCKMagHEeHe,
i FONIOBHUM YMHOM YepEe3 CYTTEBO BULLY BAPTICTb NOPIBHSHO
3 DES.
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Okpemnm HanpsIMOM PO3BUTKY CTEHTIB € CTBOPEHHS Ha
iXHilh OCHOBI €HOONPOTESIB 3 060MOHKOI0 — CTEHT-rpadoTiB.
Taka KOHCTpYKLUiS Jae 3MOry HafiHO BigAinsaTy Bi BHY-
TPILUHBLOrO MPOCBITY CyAMHW Ta KPOBOTOKY MOPOXKHUHY
MOXITMBOI aHEBPU3MM Y1 30HY MOLLIKOKEHOT CTIHKN CYAUHU.

Buiparhuii xipypr i3 m. Xapkie npocbecop M. J1. Bonogocs
y 1984 pouli nepLuMMm y CBITi CTBOPYB i 3anaTeHTyBaB MOAEb
camocikcyBanbHOro CUHTETUYHOTO eHaonpoTesa. MNpodecop
BMKOPUCTAB MOTO Y KMiHiYHii npakTui 4 TpasHs 1985 poky nig
Yac AWCTaHLHOro NpoTe3yBaHHs NiBOI 30yXBUHHOI apTepily
naLlieHTa 3 aTepoCKIIEPOTUHHIM CTEHOTUYHUM YPaXKEHHAM. Y
MPOOMEepOBaHOr0 XBOPOrO AOCATHYTO MO3UTUBHIX KMiHIYHUX
pesynbrartis. Lle 6yB Tak 3BaHWIn MeTaneBuii Z-CTeHT, Sikui
3aMKHYTWM KifbLieM PO3MiLLlyBarnu Ha 060X KiHLSX iHINHOMO
CUHTETUYHOTO CYAMHHOTO NpoTe3a Ans HafilHoi dikcaLii 4o
CTiHOK cyamnHw. i Yac npoLeaypy BUKOPUCTAHO TaKoX Opi-
riHanbHy po3pobKy TPAHCMOPTHOI CcMCTeMM, WO HeobxigHa
s 3a6e3neyeHHs 10CTaBKY Ta po3TaLLyBaHHs PUCTPOKO Y
MPOCBITi ypaxkeHoi cyamhm [62). Mpodhecop M. 1. Bonogoch
po3pobyB Ta yCilLHO BWKOHAB Pi3Hi BapiaHTV eHaoBacky-
NAPHOTO NPOTE3yBaHHSA MPW aHEBPU3MAX i CTEHOTUYHNX
YP@XEHHSX a0pPTY Pi3HWX FoKarni3aLliit i reHesy.

lpaKT1yHe BUKOPUCTaHHS CTEHT-rpadhTiB Habysae Bce
6inbLUIOrO NOLWMPEHHS Y NALIEHTIB 3 aHEBPU3MOHO FPyaHO-
ro / YepeBHOrO BifiNy aopTu Ta NepUGEpPUYHNX CyauH,
Mpw KnanaHHWX Bagax cepus, apTepio-BeHO3HUX HOPULIAX,
MOLLKOKEHHSX CTIHKM CyauH, 3okpema i BA. IMnnanTauis
€HO0MPOTESIB MaE HKYMI PiBEHb TPaBMY, iHekLii, Gonto
Ta nepvnpoLieaypHOi CMEPTHOCTI MOPIBHAHO 3 BiAKPUTUM
XipypriYHAM BiHOBMEHHSIM, Xo4a noTpebye peTenbHOro
Binbopy MavieHTIB AN BUKOHAHHS Npoueaypy 3a aHato-
MiYHUMMW KpUTEPISIMU Ta PETYMSAPHOTO CMOCTEPEXEHHS B
nicnsionepauitHomy nepiogi [63].

Kpim cTeHTiB i 6anoHis, po3pobrneHo TeXHOMOri TpaHe-
KaTeTepHOro nikyBaHHs atepocknepody BA 3 BukopucTaH-
HAM KaTeTepa, 3a [OMOMOrol SKOT0 MOXHa PynHyBaTu
aTepoCKNepoTNYHi GrsILLKV 3cepeanHm CyauHW, 3aCTOCOBY-
1041 MEXAHIYHY CUMY, NTa3epHe OMPOMIHEHHS YW YTPa3BYK.

Y 1988 poui J. Simpson BBiB NOHATTS aTePEKTOMIi
(BMOaneHHs atepomu), po3pobus MeTOAUKY NpsIMOT
aTepekToMii Ta BNpoBaauB ii B KMiHIYHY npakTuky [64]. Bu-
COKOLUBW/KICHA poTaLliiiHa aTepeKkToMist, Lo po3pobneHa
D. Hansen ta D. Auth, BusiBunacsi eheKTMBHOI0 Npw BUpa-
KEHIN kanbLmdikaLii, ekcLIeHTpUYHOMY, BichypkaLiiHomy Ta
[My3HOMY ypaXkeHHi, 3BUBIUCTOCTI Ta Manomy kaniopi BA,
TOOTO NpU MIABMLLEHIN CKNAAHOCTI YPaXKeHHS Ta pusnkax
iHTEPBEHLLIIHOrO BTPYYaHHS, Xo4a YacToTa pecteHosy byna
3iCTaBHa 3 TPaAMLiHOK BarnoHHOK aHrionNacTuKow [65].

OcTaHHbLO PO3POBKOI0 Y LIbOMY HaNPsIMi € TEXHOMOTSA
BHYTPILUHBOCYAMHHOI MiTOTpUncii «Shok-wavey i3 3acTocy-
BaHHAM BanoHHOro kateTepa, Sk fie Ha KanbLMHOBaHi
6nsiwkv y BA WnsxoM yoapHO-XBUMLOBOTO BMIMBY, pyid-
HYIOUM KanbLiii Y CTiHUi CyauHm [66]. BukopucTaHHs Takux
BKCOKOTEXHOIOMYHINX METOAIB PO3LUMPIOE MOXMMBOCTI
iHTEPBEHLINHMX Kapgionorie Ans NiKyBaHHS 3HAYHO Karb-
LIMHOBaHMX i CKnagHuX ypaxeHb BA mig yac npoueaypu
YKB [67]. Ha xanb, obnagHaHHs € BUCOKOBaPTICHUM, i
BWKOPUCTaHHS LIMX NPUCTPOIB B YKpaiHi HVHI 3anuLiaeTbes
obmexeHuMm.

PeBackynspusauis miokapaa, siky BUKOHYKOTb He 3a
YiTKMMM MOKa3aHHSAMM, MOXXE 3Ha4HO HaLLKOAMTM NaLieHTy.
Tak, nikyBaHHs reMOUHaMIYHO HE3HAYYLLMX YPaKeHb 3a

ISSN 2306-4145  https://zmj.zsmu.edu.ua

aonomoroto ABLL Moxe npu3BecTu 40 NporpecyBaHHs
0CcHoBHOI IXC, a HeBianoBiaHe BukopucTaHHs YKB mMoxe
30iNbWKTK YacTKy NepunpoLesypHUX iHdapKTiB Miokap-
Oa [68]. PeBackynsipn3aLito pekoMeHay T b Ans nauieHTiB
i3 XPOHIYHMM KOPOHAPHUM CMHAPOMOM, siki Ha doHi OMT
MatoTb CUMMTOMY CTEHOKapAii Ta/abo y skux pesackynsipu-
3aLlis MOXe MOoKPaLLMTK NPOrHo3. Taka peBackynspuaaLlis
€ Tepanieto gpyroi niHii nicnga Toro, sk OMT BusBUnacs
HEOCTaTHBO.

ABLL mae nepesaru wopo YKB y nauieHTiB i3 TSXKUM
aTepoCKNepoOTUYHUM ypaxeHHsM (baratocyanHHa XBopoba,
CTeHo3 cToBOYpa NiBoi BiHLEBOI apTepii, CynyTHil LIyKpoBWii
Jiaber), aHaToMi4HO BinbLu cknaaHot BA Ta 3 aucdyHkLieo
MIBOTO LUMTYHOYKA, @ TAKOX Y TUX, XTO HE Mae TSHKKUX Cy-
MyTHIX 3aXBOPHOBaHb, cnabkocTi abo 06MexeHoT ouikyBaHoi
TpuanocTi xuTTs [69]. MokpalueHi pesynsraTi BHACMILOK
BUKOHaHHA ABLL 3Ha4HOIO MIpOt0 3yMOBIIEHI 3HKEHHAM
PU3MKY CMOHTAHHOrO iH(hapKTy Miokapaa Ta MOBTOPHOI
peBackynspuaauii nopisHaHo 3 YKB [70].

BigMiHHOCTI MK UMMM MeTogammn peBackynspusadii
3a BMNMMBOM Ha 3HIDKEHHS YaCTOTU CepLEeBMX NOAiii NOB's-
3Yt0Tb i3 CYTTEBOKO PI3HULIEI0 MeXaHi3MiB, 3a [OMOMOro
SKUX MpoLieypy NOKPALLYHOTb KPOBOTIK Y LiiMbOBIN CyAMHI.
YKB BesnocepenHb0 ycyBae 3By)XeHHs Ta 30inbLuye npo-
CBIT NULLIE B OKPEMOMY, NOKanbHOMY CErMeHTi ypaxeHol
BA. Hagani npoueaypa He BnnvBatiMe Ha 3anobiraHHs
nporpecyBaHHI0 atepocknepody abo po3pusy Gnswwku B
iHLLIMX ypaxkeHux cermenTax Liei BA. LLIyHTyBaHHS cTBOpIOE
arnsTepHaTUBHUIA LUNSX ANS KPOBI, hakTUYHO 3abe3nevyio-
4K «XipypriuHy konarepanisavito», 30inbLUyoun BiHLEBWIA
KPOBOTIK i 3axuLLatoum AucTanbHi Bigainu miokapaa Big
MaibyTHBOrO MOXIMBOIO iLLIEMIYHOTO BMMBY, 3yMOBIEHOIO
MpOorpecyBaHHAM aTepoCKNePOTUHHOrO npoLiecy abo pos-
PVBOM OMSILLKM y MPOKCUMANbHOMY CErMEHTI LLYHTOBaHOI
aptepii [71].

YKB € meTogom BUGOPY Ans NiKyBaHHS rOCTPOro KOpo-
HapHOrO CMHAPOMY MpU reMOAMHaMIYHIN HecTabinbHOCTI.
[Mpu xpoHiYHOMY KopoHapHoMy cuHapomi YKB pekomeHpo-
BaHe Ans 0cCib, ski MalTb HaaAMIPHUIA XipypPriYHWiA PU3KK,
3 0OMEXEHOK O4ikyBaHOK TPUBAMICTIO KUTTSI, TSKKMMM
BUXiGHMMW CYNyTHIMU 3aXBOPIOBAHHAMYM Ta CnabkicTio.
IHBa31BHa cTpaTeris y Takux NaLlieHTiB NOB’A3aHa 3 MEHLLIOKO
KINbKICTIO peBackynspv3aLiin i NomnerweHHsM CUMMITOMIB
cTeHokapgii [72]. Mpy LbOMY pilleHHs MPO CTEHTYBAHHS
Tpeba yxBarnioBat 3a JaHUMU LLOA0 KPUTUYHOCTI CTEHO3Y
Ta I10ro reMoAMHaMiuHoi 3HauywlocTi (cteHo3 BA >90 % abo
thpakuiittmin peseps kposoTtoky <0,80) [3].

[N oTpuMaHHs MakcuManbHOT KOPUCTI B peBackyns-
pu3auii nig yac ABLL cnig BUKoprCTOBYBAT MHOXWHHI ap-
TepianbHi TpaHcnnaHTaTy, BKIMo4HO 3 BI'A Ta npomeHeBoto
aptepieto, a npu YKB pekoMeHaoBaHa NyHKList IPOMeHeBOT
apTepii Ta BAKOPUCTaHHS CTEHTIB i3 NikyBanbHUM NOKPUTTSAM
Mg, KOHTPOMNEM BHYTPILLHBOCYAWMHHOI Bisyanisauii [25,73].

OTxe, peBackynsp13aLlis Miokapaa LoLinbHa, konm odi-
KyBaHa KOpUCTb LLOAO0 BUXMBAHHS NaLlieHTa abo KniHiYHuX
pesynbTaTiB Takoro BTPYYaHHS (MOMErLLEeHHs CUMMTOMIB,
noninLueHHs yHKLioHanbHOro ctaHy abo SKOCTi XUTTS)
nepeByLLYE OYiKyBaHi HeraTVBHI Hacnigku npoueasypu.
Bubip metony BTpyyaHHs (UKB abo ABLL) mae 3anexatu
BiZl OLiHKM CiBBIQHOLIEHHS PU3UKY Ta KOPUCTI LUX BUAIB
nikyBaHHs1. Bubip mixk ABLL i YKB 3anexwTb Big aHaTOMIYHOI
CcknagHocTi Ta dyHKUioHanbHoi TsxkocTi IXC, a Takox Big
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CyNyTHiX 3aXBOPIOBaHb, ynogobaHb Ta ovikyBaHb NaLjieHTa.
PilueHHs wopo Uboro yxsanoe MynbsTaucLuniHapHa
cepuesa komanga (Heart Team) 3 iHchopMyBaHHAM navyi-
€HTa Npo JOCTYMHI npoLeaypu, iXHi nepesaru Ta pusmky;
XBOPOTO 3asTy4atoTb 40 LibOro MPOLECY Ta BPaXOBYHOTb A0r0
iHOVBIoYyanbHi 0cobnmMBOCTi Ta nobaxaHHs.

BucHoBKU

1. BpaxoByH04m 3HMKEHHS KOCTi XKUTTS, TONEPAHTHOCTI
[0 (i3NYHNX HABAHTaXEHb | PU3NK PO3BUTKY HECTIPUATIIN-
BUX CEPLIEBYX MO, LLO NPU3BOASATH A0 MOTIPLUEHHS CTaHy
Ta NigBMLLEHHs CMEPTHOCTI NaLieHTIB i3 xpoHiyHot IXC, He-
00XiZIHOI YMOBOHO iX BEAEHHS! € 3aCTOCYBaHHS €hEKTUBHUX
METO/IB NiKyBaHHS Ta NPOiNakTVKM LibOro 3aXBOPHOBAHHS.

2. MoXnmBOCTI NOKpaLLeHHs pesynbTaTiB MikyBaHHs
3anexartb Bi NpaBuIbHOrO BUOOPY cTpaterii — nuwe
KOHCepBaTuBHOI ab0 NoeAHaHOI 3 XipypriYHMMU METoAaMM
KOpeKLiii BIHLEBOro KPOBOTOKY.

3. PeBackynsipusauis miokapaa sik JOMOBHEHHS [0
ONTUManbHOI MeAVMKaMeHTO3HOI Tepanii 3anunwaeTbes
KITHOYOBOIO CTpATErieto JiKyBaHHS 47151 MONErLLEHHs CUMM-
TOMIB, NOKPALLEHHS! IKOCTi XUTTS Ta AOCATHEHHS CIPUAT-
TMBUX BiZAaneHux KniHiYHWX pesyrnbraTiB y nauieHTis i3
XpOHiuHoto IXC.

NepcneKTMBU NOAAALLUMX AOCAIAKEHb. Bpaxosyroun
MOLUMPEHICTb | BUCOKMIA piBEHb CMEPTHOCTI NaLieHTIB i3
IXC, HeoOXiZHO NPOLOBXMTY AOCRIMKEHHS LWoAo BUBOpY
CepLeBO KOMaHZOH NikyBasnbHOI CTpaTerii, a TakoX AN1st
BUBHAYEHHS YiTKMX MOKa3aHb [0 MEAUKAMEHTO3HOro, Xi-
PYPriYHOTO Yi EHAOBACKYNSPHOTO NiKYBaHHSI.

®iHaHcyBaHHA
[L0CAiAXEHHS 3AIICHEHO 6€3 diHAHCOBOT MIATPUMKHY.
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AikyBaHHA 06CTpyKTUBHOI Ppopmum rinepTpodiuHoi Kapaiomionarii:
POAb CyyacHoI BidyaAi3auii Ta micue Xipyprii B enoxy iHriéiropiB mio3uny
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Merta po6oTH - oLiHUTY CyyacHi Nigxoam 4o NepeaonepaLiiHoro niaHyBaHHs cenTanbHOi MieKTOMIT y naLieHTiB 3 06CTPYKTUBHOW
dopmoto rineptpodpivHoi kapaiomionarii (FTKMIT), Bu3HaunTh porb MynsTUMOoaarbHoi Biyanisawii (exokapgiorpadii, MarHiTHo-pe-
30HaHCHOI ToMorpadii, komm'toTepHOi Tomorpadii) Ta micLie XipypriYHoro NikyBaHHS y nepiod CTPIMKOro pO3BUTKY Ta KMiHIYHOrO
BMNPOBADKEHHS CENEKTUBHMX iHTIBITOPIB MiO3WHY.

Marepiann i metopu. BrkoHaHO aHaniTM4HUI OISR akTyanbHWX KIiHIYHWX pekoMeHdaLlin, pe3ynsraTiB OCHOBHUX KMiHIYHUX
ZoCnimKeHb LLOAO iHriGITOpiB Mi03MHY, @ TakoX (hyHAaMeHTanbHMX nybnikauii, LWoAo NPUMHLMNIB pagionoriYHOro NiaHyBaHHs Ta
Xipypri4Hoi TexHiki npu o6¢TpykTMBHIN chopmi TKMI. MoLwuyk nitepaTypy NpoBeAeHO y HaykomMeTpuyHuX 6azax PubMed, Scopus
i Google Scholar 3a kntovoBuMK cnosamu: hypertrophic cardiomyopathy, septal myectomy, preoperative planning, cardiac CT,
cardiac MRI, myosin inhibitors.

Pesyabrati. CyyacHa MynsTMoaarnbHa BidyanisaLlis € HeaamiHHUM eTanoM nepeonepaviiHoro OLHIOBaHHS, LLO Aae 3MOry Xipypry
CnnaHyBaTh onTUMarnbHUA 06Csr pesekLii, cnpusie MiHiMi3aLlii TpMBanoCTi LWTYYHOro KPoBOOGIry Ta 3HAYHOMY 3HWXKEHHIO PIBHSI
nicnsionepavifnHnx ycknaaHeHb, Xoda iHribiTopy Mio3nHy Npu3BoasTb 4O iICTOTHOTO 3HUKEHHS CUCTOMIYHOTO rpagieHTa TUCKY Ha
BUXiOHOMY TPaKTi NiBOroO LUMYHOUKA i NOKPALLEHHS KMIHIYHOrO CTaHy, cknagHa MopdonoriyHa nprupoaa o6CTpyKuii, WO BKMovae
3anyyeHHst naninsapHUX M'a3iB, NigKNanaHHUX CTPYKTYP MITPanbHOrO KrnanaHa Ta NepeaHit CUCTOMIMHWIA PyX NepeaHboi CTyIKM
MITPanbHOrO KnanaHa, 4acTo 06MEXye MOXIMBICTb MOBHOI KOPEKLiT NMLLe LWSXOM MeauKaMeHTO3HOI Tepanii.

BucHosku. CenTanbHa MiekToMisl, BUKOHaHa y BUCOKOCTELiani3oBaHuX eKCNepTHUX LIEHTPaXx, 3anuLiaeTbCsa onTManbHUM METOA0M
IS NaviexTiB i3 cumnTomaTniHo o6eTpykTuBHoo KM, pedpakTepHOO O KOMMNEKCHOI MeaMKaMeHTO3HOI Tepanii. Ycnix i
6e3neka Liboro BTpyYaHHs MatoTb NPSIMY KOPENsLLito 3 TOYHICTHO i1 AeTaNbHICTIO NepeaonepaLiiHoro nnaHyBaHHs, LLO I'pyHTYETLCS
Ha AaH1X Cy4aCHWX KapaioBiayanisaLliiHix MeTogiB.

Keywords:
hypertrophic
cardiomyopathy,
septal myectomy,
multimodality
imaging, cardiac
MRI, cardiac CT,
myosin inhibitors,
mavacamten.
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Treatment of obstructive hypertrophic cardiomyopathy:
the role of modern imaging and the place of surgery in the era of myosin inhibitors

M. O. Tregubova, K. V. Rudenko, M. M. Tkachenko, P. A. Danchenko, A. O. Bei

Aim. To evaluate modern approaches to preoperative planning of septal myectomy in patients with obstructive hypertrophic cardio-
myopathy (HCM), to define the role of multimodality imaging (echocardiography, magnetic resonance imaging (MRI), computed
tomography (CT)) and the place of surgical treatment in the era of rapid development and clinical implementation of selective
myosin inhibitors.

Materials and methods. An analytical review of current clinical guidelines, results of major clinical trials on myosin inhibitors, and
fundamental publications on the principles of radiological planning and surgical techniques in obstructive HCM was performed. A
literature search was conducted in PubMed, Scopus, and Google Scholar databases with the following keywords: hypertrophic
cardiomyopathy, septal myectomy, preoperative planning, cardiac CT, cardiac MRI, myosin inhibitors.

Results. Modern multimodality imaging represents an essential stage of preoperative assessment, providing the surgeon with the
ability to optimally plan the extent of resection, minimize cardiopulmonary bypass time, and significantly reduce postoperative
complications. Although myosin inhibitors demonstrate a marked reduction in left ventricular outflow tract gradients and improve-
ment in clinical status — the complex morphological nature of obstruction, involving papillary muscles, subvalvular structures of the
mitral valve, and systolic anterior motion of the anterior leaflet of the mitral valve — often limits the possibility of complete correction
by medical therapy alone.

Conclusions. Septal myectomy, when performed in highly specialized expert centers, remains the gold standard for patients with
symptomatic obstructive HCM refractory to optimal medical therapy. The success and safety of this intervention are directly cor-
related with the precision and detail of preoperative planning, based on the modern cardiac imaging arsenal.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Ornsaam

lneprpodiuHa kapaiomionaris (FTKMIT) — BigHOCHO noLumpe-
He, YacTO CrafKoBe 3aXBOPIOBAHHS CepLs, ke Y 3ararbHil
nonynsuii BusBnstoTs 3 Yactototo 1:200 — 1:500. 3axsopto-
BaHHS XapakTepu3yeTbCs CKNaaHMy heHOTUMOBUM i reHe-
Tu4HUM niposisamu [1,2,3]. B YkpaiHi opieHTOBHa KinbKiCTb
navjieHTiB cTaHoBUTL 6rn3bko 75 000, ogHaK HaLioHarbHi
AaHi 3anuLIaTbC 0OMeXeHUMM [4].

'KMIT xapakTepusyetbes rinepTpodieto nisoro, a
B [iesiKMX BUNagKax i NpaBoro LWyHoYKa, Ae3opraHisa-
Lliet0 CapKOMEPIB i PO3BUTKOM MiKKMITUHHOTO ¢hibposy. Y
48-69 % nauieHTiB PO3BMBAETLCA AMHAMIYHA 0OCTPYKLIS
BYXiZHOrO TpaKTy NiBoro LwyHouka (BTIILW), wo € Hesanex-
HUM (haKTOPOM pU3NKY CEPLIEBOI HEAOCTATHOCTI, CUHKOME
Ta panToBOi cepLeBoi cMepTi [5].

JlikyBaHHst obcTpykTMBHOI chopmn TKMI eBontovi-
OHYBano Bif MEAMKaMEHTO3HOI Tepanii 40 KNnacuyHoI
6asanbHoi cenTanbHoi pe3ekLil, i BpeLUTi — 40 PO3LUMPEHOT
cenTanbHoi MiekToMii Ta KOMBIHOBaHWX PEKOHCTPYKLN
miTpanbHoro anapaty. CyyacHui nigxig nepepbadae
iHavBigyanisoBaHe nepefonepadiiHe nnaHyBaHHS Ta
HaBiraLito 3 BUKOPUCTAHHAM METOAIB MYMbTUMOAANbHOT
Bisyanisauii [6,7,8].

HuHi nikysaHHa obcTpykTtusHoi FKMIT BcTynuno B
HOBUI eTan po3BUTKY. 3 MOSBOIO CENEKTUBHUX iHriGiTOpIB
Mio3nHy (MaBakamTeH, adikaMTeH) NocTano MUTaHHs
npo Te, 4 Moxe dhapmakoTepanis 3aMiHUTK XipypriyHe
BTpy4aHHs. poTe cknagHa mopdonoriyHa npupoda 06-
CTPYKLUji, IO BKMKOYAE 3anyyeHHs MITparnbHOro KranaHa
Ta nigKnanaHHWX CTPYKTYp, 4acTo 0BMEXye MOXIUBICTb
MOBHOI KOPEKLIiT NKLLIE 3 BUKOPUCTaHHAM MEOUKAMEHTO3HOT
Tepanii [9,10,11,12].

YenilwHicTb XipypriYHOT KOpeKLii 3Ha4HO Mipoto 3ane-
XWTb Bif AETamNbHOMO NepenonepaLiiHoro nnaHyBaHHs. Y
LIbOMY KOHTEKCTi 0c06MnMBOi yBarv noTpebye pornb MynsTy-
moparbHoi BidyanisaLii y popMyBaHHi aHaTOMi4HOT Mogeni
CepLst: TOYHE BU3HaYeHHs 0Bcary i moLumpeHHs rineptpodii,
MOopdOodyHKLIOHaNBHMX 0COBNMBOCTEN MITPaNbHOrO ana-
paty, nigknanaHHOro anapary Ta BapiaHTiB BiAXOMKEHHS i
MOLLMPEHHS KOPOHAPHWX apTepili AacTb 3MOry nepcoHani-
3yBaTu BTPYyYaHHs Ta MiHimidyBaTu puauku [13,14,15,16].

MeTa po6otu

OuiHuTi cyyacHi nigxoau o nepegonepaLiiHoro nraHy-
BaHHS CENnTanbHOi MieKTOMIi y NaLieHTiB 3 00CTPYKTUBHOK
dopmoto KMI, Bu3HAUUTU ponb MynNbTUMOZANbHOT
Bidyanisauii (exokapaiorpadii, MarHiTHO-pe3oHaHCHOI To-
morpadii, komm'loTepHoi Tomorpadii) Ta MicLe XipypriYHoro
NiKyBaHHs y nepioa CTPIMKOro po3BUTKY Ta KIiHIYHOMO
BMPOBaJKEHHS CENEKTUBHUX iHrBITOPIB MiO3WHY.

Martepianu i MeToAH AOCAIAKEHHA

[inst BoCArHeHHs1 OCHOBHOI METU AOCTIMKEHHS peani3oBa-
HO Taki 3aBfaHHs: NpoaHanidyBaTy akTyasnbHi HaCTaHOBM
AHA/ACC (2024) ta ESC (2023) wogo BefeHHs navjieHTis
i3 TKMI; ouiHuTn ponb nepeponepauiiHoi Bidyanisauii
B ONTUMI3aLlii XipypriYHOro Migxody; BU3HAYUTU CyyacHy
No3uLjto cenTanbHOi MiEKTOMIT NOPIBHSHO 3 anKOrofbHOK
abnsuieto Ta Tepaniero CenekTMBHUMM iHrBiTopamn Mio3uHy.

3pificHnv LinbOBMIA NOLLYK NiTEpaTypy y HayKome-
TpuyHUX 6asax faHux PubMed, Scopus i Google Scholar 3a
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krroyoBuMY cnosamu: hypertrophic cardiomyopathy, septal
myectomy, preoperative planning, cardiac CT, cardiac MR,
myosin inhibitors.

[lo aHaniay BKMIOYEHO CyyacHi KniHivHi pekomeHaaLii
(AHA/ACC 2024, ESC 2023)[1,2]; KNnH4OBI KNiHIYHI BUNPO-
OyBaHHS cenekTUBHUX iHriGiTopi MiosuHy: EXPLORER-
HCM, VALOR-HCM, REDWOOD-HCM [9,10,11,12]; pani
MeTaaHanisiB i peecTpiB WOAO BigdaneHWx pesynstaTiB
miektomii [17,18,19]; nybnikauii 3 nepegonepauiitHoro
nnaHyBaHHs MieKTOMii 32 JOMOMOro MeToZiBBI3yanisaLii
[20,21]. 3-nomix noHag 200 peneBaHTHUX Axepen obpaHo
42 HanbinbLU LMTOBAHUX i KMIHIYHO 3HAYYLLWX.

OcobnuBy yBary npuaineHo matepianam, je OnuMcaHo
METOAVKM MyrBTUMOAANbLHOI Bidyanisauii (exokapaiorpa-
is (ExoKTI), marHiTHo-pe3oHaHcHa Tomorpadis (MPT),
komm'toTepHa Tomorpadoist (KT)) ans nepegonepaditHoro
MOLENOBAHHSI.

Pe3yabTati

CyuacHi pekomeHaaLiii Ta anropuTmu nikyBanHs. BignosigHo
po HactaHoB AHA/ACC (2024) [1] (puc. 1) Ta ESC (2023)
[2], nauieHTam 3 06cTpykTMBHOK thopmoto 'KMIT pekomen-
[OBaHUIN noeTanHuii nigxid, Wwo nependavae:

1. ba3oBy meaukameHTO3Hy Tepanito: B-Orokatopw,
HEeaWriapONiPUAMHOBI AHTATOHICTYW KarbLito;

2. |Hri6iTopu Mio3nHy (MaBakaMTeH, adikaMTeH) — ans
CUMMTOMHWX NauieHTiB i3 rpagienTom BTIILL 250 mm pr. cT,,
ki He BiANOBIAATL Ha TPAAMLAHY Tepanito;

3. XipypriuHy MiekToMito abo ankoronbHy centanbHy
abnsuijto (ACA) BUKOHYHOTb, SIKLLIO CUMITOMM 30epiraloTbes
abo o6CTpyKUis aHaTOMIYHO BUpaxeHa.

OpHak y 2024 poui B OHOBREHUX MynbTUAMCLMNNIHAP-
HWX HacTaHOBaX 3 BeAieHHs rinepTpodivHOT kKapaiomionarii
[1], 3a3Ha4eHo: B OKpeMUX NaLlieHTIB OCTATOYHE YCYHEHHS
aHaToMivHoro cybcTpaty 06CTpyKLii MOXIMBE NULLE Xipyp-
MYHUM LLMISIXOM, @ TOYHICTb NnaHyBaHHs onepaLlii Bu3Hayae
Ti epeKTUBHICTb.

Ponb Bisyanisauji B nepegonepadiiHomy nnaHyBaHHi.
Bisyanisauis gae amory ouiHUTU MOPGOdYHKLiOHAMbHI
0cobnMBOCTi NIBOrO LUMYHO4KA, KNanaHHOro anapary Ta nig-
KnanaxHux cTpykTyp. CyyacHui nigxig fo nepepsonepaviin-
HOro BeeHHs nauieHTis i3 TKMI nepenbayae noegHaHHs
ExoKI™-, KT- i MPT-06cTexeHb, ane KoXeH i3 MeTofiB mae
i nepesary, i 0bMexeHHst (mabr. 1).

ExoKI™ 3anuwaeTbes nepLumMm etanom OLHIOBaHHS B
naujieHTa, B SIKOro € AaHi Npo MOXrvBuMIA po3suTok MKMIT.
Llen meTon Aae 3Mory OLiHUTY TOBLLMHY MDKLLITYHOYKOBOT
MepeTUHKM, NoKanisaLlito Ta NOLUMPEHHS rinepTpodii, BUSBK-
TV CYCTOIMIYHIA MEPELHIl PyX MITpanbHOro knanawa (systolic
anterior motion, SAM), BumipsiTu rpagieHT y BTJILL y cnokoi
Ta Mif YaC HaBaHTaXEHHS, BisyanidyBaTu CynyTHi 3MiHU
MiTpanbHoro anapaty. OnHak MeTog 0OMeXeHuI cyd'ekTuB-
HICTIO Ta CKNafaHICTIO OLjHIOBaHHS anikanbHWX CerMeHTiIB.
lNepenonepaLiiHa Yepe3cTpaBoxiaHa exokapaiorpacis nae
3MOry iHTpaonepaLiiHO OLHUTW ehEKTUBHICTb BTPYYaHHS Ta
BWSIBUTY HEraHi NOTEHLLiVHI nicnsionepaLliiHi ycknaaHeHHs,
AK-OT AeheKT MIKLLIMYHOUKOBOI NEPETUHKM [22].

MPT € BucokoedekT1BHUM METOAOM MOPOYHKLIO-
HanbHOro aHanisy cepLis, L0 Mae Taki OCHOBHI MOXXIMBOCTI:

— Late Gadolinium Enhancement (LGE) i nporHoc-
TWYHA LHHICTb — A€ 3MOry BUSIBNATY AinsiHKK ibpoay,

ISSN 2306-4145

https://zmj.zsmu.edu.ua

359


https://zmj.zsmu.edu.ua/

Review

MNauientn i3 TKMN

06¢TpykTMBHA TKMI

3acTocyBatit aAropuTM
BEAEHHA NaLjeHTiB 4—@ TAK
i3 CepLIeBOI0 HEAOCTATHICTIO
KOHTPOAL cUMNTOMIB
KOXHi 1-2 poku (H ) (TAK )
a60 y pasi 3MiH1 CUMNTOMIB

YHWUKaTU Ba30AMAaTaTOPIB
Ta BUCOKi AO3M AlypPETHKIB

AKLLO cMnTOMM
36epiratoTbes

Puc. 1. Anroputm BefieHHs navienTi i3 TKMI (nepeknageHo Ta agantosaHo 3 [1]).

360

LLIO acoLilO0TCA 3 apUTMISIMU | € OHUM i3 KOMMOHEHTIB
nia Yac OLiHKM pr3nKy panToBoi cepLieBoi cmepTti (PPCC);
HasiBHicTb LGE >15 % Big Macy niBoro LLNyHo4Ka, a Takox
anikarnbHOT aHEBPU3MU (K YCKMaAHEHHS CepeHbOLLITYHO -
koBoi chopmu 'KMIM) acouitoeTbest 3 nigsuierum PPCC;

— MophOhyHKLOHAMNbHUIA aHani3 i po3nogin rinep-
Tpodhii Mo MiBOMY, @ B OKPEMMX BUNaaKax i No npaBomy
wnyHouky: MPT fae 3Mory 3 BICOKOIO TOYHICTIO OLHUTM
yHKUi 060X LLUMYHOUKIB, KINBKICHO Ta SIKICHO BU3HAYMUTH
HasBHicTb obcTpykuii y BTIILL, SAM;
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KaHanaat
Ha onepaLiio?

IHLWi XipypriyHi
nokasaHHs?

— T1- Ta T2-maniHr; KinbkKicHe OLHOBaHHS TKAHUHHIX
3MiH, BUSIBNIEHHs HAabpsiKy Ta iHTepcTuLianbHoro gibpoay,
andepeHuiauis 3 doeHoTMnoBuMK Mackamu FKMIT;

— ECV: Henpsimuii nokasHUK peMofentoBaHHs Miokap-
[, NiABULLEHHS! I0r0 3HAYEHHS CBIAYNTL NMPO MBKKIITUHHMIA
¢ibpo3 abo iHginsTpaLito.

MPT-gocnimxeHHs fae 3mory BidyaniayBaTti aHaTo-
Mit0 MITparnbHOro KrnanaHa Ta migknanaHHoro anapary sik
KPUTUYHO BaXIMBKX ENEMEHTIB ANt TOYHOTO BU3HAYEHHS
30HM pesekuii [16,19,23]. Lie BucokouyTnnemii i Bucokocne-
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Tabauus 1. MNMopiBHsiNbHa xapakTepucTvka MeToiB Bidyaniaallii npu rineptpodivHiii kapaiomionarii

Metoa OCHOBHi MOXNMBOCTI O6MexeHHs TunoBi KNiHiYHi NOKa3aHHsA

BusHaueHHs rpagienTa BTILW, HasBHocTi SAM, MiTpanbHoi
perypritaLii; ouiHioBaHHs rpagieHTa Tucky y BTILL,
nAjacTonivHoi thyHKLii; OCHOBHUIA METOA ANs NEPBUHHOTO

ExoKI

CKPUHIHTY
KT cepust

MPT cepus
(LGE, T1/T2
mapping)

OuiHtoBaHHS (ibpo3y, TKaHWHHIX XapaKTEPUCTK,

nnaHyBaHHs nepebiry onepadji

To4Ha aHaToMist NePETUHKM, MITPanbHOro Ta nifknanaHHoro
anaparis; Bi3yanisauis CepeavHHOLLIYHOHKOBOI Ta anikanbHoi
cpopmm "KM, ouiHioBaHHS NOLIMPEHHS rinepTpodii Ha
npaBuii LUNYHo4OK, 3D-MoAENtoBaHH: Ans nnaHyBaHHs!
MieKTOMil; BU3HAYEHHS TOYHOI CErMEHTapPHOI TOBLUVHM NIBOrO
LLMYHOYKa, KOPOHAPHOT aHaToMii, hyHKLi Ta Macu Miokapaa

amdbepeHLiaLis anikanbHoi abo cepeaHbOLLITYHO4KOBOT
rinepTpodii; BU3HAYEHHS! TOYHOI CErMEHTapHOI TOBLLMHN
NIBOTO LWNyHOYKa, rpagieHTa Tucky y BTIILL, dyHKuii Ta macu
Miokappa; iHABiAyanbHe MOAENtoBaHHS CcepLs | nonepeaHe

OBMmexeHa NPOCTOPOBOH PO3LNbHO
37jaTHICTIO, OnepaTop-3anexHa; cknagHicTb
BW3HAYeHHS! anikarnbHX BapiaHTiB i
NOLUMPEHHS rinepTpodii Ha NpaBuii LLINYHOHOK
PapiaLjiiHe HaBaHTaxeHHsl, notpeba y

BUKOPWCTaHHi I0A0BMICHOTO KOHTpAcTy; He
BW3HAYaE TKaHWHHI BMaCTMBOCTI*

BTPYYaHHA

MoyaTKoBE OL{iHIOBAHHS, AVHAMIYHWIA
MOHITOPUHT Nig yac Ta nicns Tepanii abo

KopoHapHoi aHaTomii / npoxigHocTi

HasiBHicTb npotunokasarb (MP-HecymicHUX
NPUCTPOIB, METANEBUX YNamKiB,
Kknayctpogobis), TpUBanicTb AOCHIKEHHS

rinepTpodieto

KOpPOHaApHWX apTepiit, HasBHICTb
npoTunokasab Ao MPT

[NepenonepaLiiHe MoAentoBaHHs, cknagHa
aHaTtomis Ta Tonorpadisi rinepTpodii,
HEOOXIAHICTb OAHOYACHOTO OLiHIOBaHHS!

MepeponepaLiiiHe MofentoBaHHs, CknagHa
aHaTomis Ta Tonorpadisi rinepTpodii,
feTanbHa MopdodyHKLOHaNbHa
XapakTepucTvika; cTpatudikaLlis puauky;
andepeHuiiHa fiarHocTuka 3 BTOPUHHOK

*! Ha Cy4acHNX AETEKTOPHUX cHCTeMaX, 3okpeMa hoToH-kayHTUHT KT, a Takox Ha HOBITHIX CkaHepax 3i CeKTpanbH1M aHarniaoM MOXIMBE HEMpsiMe AOCTIKEHHS TKAHUHHIX
XapaKTepuUCTMK Miokapaa 3 BU3HauYeHHsIM pibpoay i OLiHIOBaHHSIM 00 CTyNeHst; MeTo nepebysae Ha eTani kniHiYHoT Banipauii.

UMIYHMIA MeTOf, 3 BUKOPUCTAHHSM SIKOTO MOXHA TOYHO
JiarHocTyBaTn Ta audepeHLitoBaTi pisHi MOpOnorivHi
¢eHotvnn FKMIT. BusHayeHHs MopdonoriyHoro deHoTuny
rinepTpodhiyHOi Kapaiomionarii € KI4YOBUM ETanoM Mpm Bu-
3HauYeHHi onTUMarnbHoOI CTpaTerii MikyBaHHS, 30kpema nig
yac nnaHyBaHHS cenTanbHOI MieKToMmii [24].

MPT Bigirpae BW3Ha4anbHy porb Ans BUSBMEHHS 1
oujHioBaHHs1 dhakTopie PPCC y nauienTis i3 TKMI: gae
3mory ineHTudikysatu oci6 i3 nigsuweHum PPCC, ski
MOXYTb OTPUMATW KOPUCTb Bif MPEBEHTUBHUX BTPYYaHb,
30Kkpema iMnnaHTaLii kapaioBepTepa-aedidpunstopa [25].

CyuyacHa mynitucnipansHa KT 3 BUCOKO npocTopo-
BOK PO3AINbHOK 3AaTHICTIO € OfHUM 3 OCHOBHUX METOZIB
aHaTOMIYHOTO NnaHyBaHHs MieKTOMii. Ak OCHOBHI nepeBarm
METOAY BU3HaYaKoTh:

— OUiHKY TpaHcaopTanbHOro AOCTYMY — 3aBASKM
MYMbTUNNaHAPHUM PEKOHCTPYKLIAM i3 BUrMSaoM 3 Boky
aopTasibHOro KnanaHa MoXHa BifTBOPUTMW iHTpaonepa-
LiiHy NepcrneKkTMBY TpaHCaopTarbHOro AOCTYMy; Le [ae
3MOry OLiHUTM 0COBNMBOCTI AOCTYMY Ta aHATOMIlO B 30Hi
BTPYYaHHS;

— BUMIpIOBaHHS BiACTaHi Bif ¢hibpo3Horo kinbus Ao
MaKCUMarbHO MOTOBLUEHOI JiNsHKA NEPETUHKY, 3aBASKMN
YOMY MOXHA YiTKO BU3HAYNTVN OMTUMAnbHIUNA 0BCAr pesekLii;

— BU3HAYEHHs1 6€3NeYHOI rMMOMHM pesekLii;

— OLiHIOBaHHSI BapiaHTiB BiAXOMKEHHS i NOLMPEHHS
KOPOHapHWX apTepin (HasBHICTb iHTpaMiokapAianbHUX
MICTKIB, LLIO 4OCUTb YacTo acouitoroTbest 3 FTKMIT, a Takox
HasIBHOCTI cenTanbHuUX MoK NepeaHbOoi MKLLMYHOYKOBOT
rinku niBoi KOPOHAPHOI apTepii, Ski 3HaXoAATLCS Y 30Hi ne-
penbayyBaHoi pesekLii), aHaToMii Ta yHKLIT MiTpanbHOro
KnanaHa Ta nigknanaHHoro anapary;

— MOXNMBICTb CTBOPEHHS! 3D nmauieHT-cneumivHmnx
TPUBUMIPHUX MOZENE CepLs, WO Aal0Th 3MOry AeTanbHO
BMBYNTK aHaTtomito BTJILL, miTpansHoro knanawa, npo-
CTOpOBE pO3TallyBaHHS Ta iHCEPLIit0 ManinsapH1x M's3ig,
abepaHTHUX XopA.

KMIT B13Ha4atoTh SK reHETUYHO 3YMOBIEHE 3aXBO-
ptoBaHHs cepLs 3 BUPaXeHo eHOTMNOoBO Bapiabens-
HicTt0. 3aBASIKM BUCOKIN NPOCTOPOBIN PO3aiNbHil 30aTHOCTI
mynetucnipansHa KT € TOHHUM [iarHOCTUYHUM METOAOM,
O Aae 3MOry KOMMIEKCHO OUiHUTU MOpdodyHKLio-
HanbHWIA CTaH NiBOTO LUMTYHOYKA, MITparbHOMo Knanaxa
Ta nigknanaHHoro anapary, a Takox npoaHanisyeatu

3anopisbkuit MeAnUHMIA XypHan. Tom 28, Ne 4(157), auneHb - cepnenb 2026 p.

aHaTOMI0 Ta CTYMiHb 3BYXEHHS KOPOHApHWX apTepin y
nauienTis i3 FTKMI [13].

CenTanbHa pegykuiniHa Tepanis. CentanbHa Miek-
Tomis (onepauis Moppoy) BnpoBagxeHa Andrew Glenn
Morrow ans nikyBaHHst 06¢TpykTvBHOT chopmu TKMI Ha
novatky 1960-x pokis y MepineHai (CLUA). KnacuyHa
meTtoauka onepauii Moppoy nepenbavana pesekuito
6a3anbHOT YaCTUHW MIKLLUNYHOYKOBOI NEPETUHKM, abu
3MeHwWnTK rpagieHT y BTJIW i nonerwwTn nos’s3aHi 3
umm cumntomu. Lis onepauis Buknukana CnpaexHin
pe3oHaHC i BXe 3a kinbka pokiB byna BnpoBamkeHa y
NPOBIAHNX aMmepuKaHcbkux, 3okpema Mayo Clinic, Ta
iHTepHaLioHanbHKX KniHikax [6].

3 po3BUTKOM Bi3yani3auii, METOAIB AiarHOCTVKM Ta
MOKPaLLEeHHAM PO3yMiHHS CKIaAHOI mMpupoam Liei Ho30-
norii, opuriHanbHa onepauis Moppoy 3a3Hana neBHuX
moaudikauin. MopiBHAHO 3 KNacu4How, MoandikoBaHa
TexHika Moppoy nokasana BuLLy eeKTUBHICTb Y naLj-
€HTIB 3 06CTpyKTMBHOK hopmoto TKMIT 3aBasku posium-
PEHHIO MPOTSHKHOCTI pe3eKLii Ta MOXMMBOCTI OAHOYACHOT
KOpPEKLii CynyTHIX aHoManiin MiTpanbHOro knamnaHa Ta
nigknanaHHoro anapary. PoslmpeHa MiekToMmis 4ae 3Mory
edekTnBHiLLe ycyHyT SAM-theHOMEH, Cnpusie 3Ha4YHOMY
3HKEHHIO rpagienTa y BTJIW Tta perpecii miTpansHoi
perypritauii. Y moaudikoBaHiin TexHiui Moppoy ocobnmey
yBary nNpuainsioTs aHoManisiM MiTparnbHOro knanaya Ta
nigknanaHHoro anaparty, afxe came BOHU MOXYTb ByTu
MPUYMHOK pe3nayanbHOi 0BCTPYKLI Nicns KnacuyHoi Mi-
ekTomii. MoaucikoBaHa TexHika BTpy4aHHs acoLliioBaHa 3
HW3bKIM PIBHEM YCKMaAHEHb (MOBHA aTPiOBEHTPUKYNSIPHA
6nokaga Ta fgedekT MiXLLMTYHOYKOBOI NEPETUHKM), CNPUSE
3MEHLLEHHIO PU3KNKY pesunayanbHoi 00CTPYKLji 1 NOBTOPHUX
BTPYYaHb [26].

AnkoronbHa centanbHa abnsuis € BapiaHToM cen-
TanbHOI peayKLUiliHOI Tepanii B NaLjieHTiB MOXWoro Biky Ta
0ci6 i3 BUCOKWM XipypriYHUM pr3ankom. MNpoTe nopiBHSHO 3
MIEKTOMIEL0, BOHA MaE BULLLY YaCTOTY TaKWX YCKIaZHEHb, sk
YTBOPEHHS nmicnsnpoueaypHoro pybus, Wwo e cybcTpatom
[ANS1 BUHWKHEHHSI TOBHOI aTPiOBEHTPUKYNSIPHOI Griokaau, a
TaKOX PO3BMTKY MOBTOPHOI 0BCTPYKLi NpoTsirom 5 pokiB.

KT i MPT cepus aatoTb 3Mory oLiHUTI MOPgOdYHKLO-
HaIbHWIA CTaH MIBOrO LUMYHOYKA Ta BU3HAYMTMN 3MEHLLEHHS
TOBLLWHMW MPKLLTYHOYKOBOT MEPETVHKM 3 HasiBHOCTI ¢hibpo-
3y, Wwo 3ymoneHun ACA [27].
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[aHi HanbinbLIOro MyMLTULEHTPOBOTO aHanisy naj-
€HTiB 3 0b6CTpykTMBHOK TKMIT (N = 3859), nponikoBaHnx y
BMCOKOCTELianidoBaHuX LEHTpaXx, nokasanu, Lo cenTarbHa
MieKTOMisl oka3ana KpaLli BigaaneHi pesynsraTtu BIxuBa-
HocTi, Hbx ACA. Xoua naujieHTu, sikum BukoHyBanm ACA,
6ynu cTapwmmy Ta Manu Ginblue cynyTHIX 3aXBOPtoBaHb.
CkopuroBanuii aHani3 nokasas, wo ACA acouiiioBaHa 3
BULLIOKO 3aranibHOK CMEPTHICTIO MOPIBHSAHO 3 MieKTOMIED
[28,29].

HesanexHumm npeaykTopamy HECNPUSITIIMBUX CepLie-
BO-CyOMHHX NMOAiN nicns moaudikosaHoi onepadii Moppoy
€ CTapLUKii BiK, HKYa PO3paxyHKOBA LUBMAKICTb KIy6o4-
KOBOI (inbTpaLii, NiABULLEHUIA TUCK Y NEreHeBiit apTepii,
Ginblua TOBLUMHA MIXLLMYHOYKOBOT NEPETUHKY, HASIBHICTb
BiZCTPOYEHOrO KOHTPACTHOTO NiACUNEHHS 3a AaHnmn MPT i
nicnsionepavinHuii nenkoumtos [30]. Mpy LboMy cenTarnbHa
MiekToMist 3abe3nedye ethekTUBHE 3HWKEHHS rpafieHTa
TucKy Ha BTJILW Ta ycyHeHHs miTpanbHoi perypritauii y
nepeBaxHOi GiNbLIOCTI NauieHTiB. BHyTpiLUHbONIKApHSIHA
neTanbHICTb CTaHOBUTb MeHLe Hix 1 % Bunapkis. [ns
LIbOr0 BTPYYaHHS XapaKTepHa HW3bKa 4acToTa TSHKKWX
yCKnaaHeHb, 6e3nocepeHLO acoLiioBaHMX i3 BUKOHAHHSIM
miekTomii [4].

OTxe, cenTanbHa MieKTOMIs! € NPIOPUTETHAM METOLOM
cenTanbHoOi peaykuii npu o6CTpykTUBHIN chopmi TKMIT,
SIKLLIO BUKOHAHa B EKCMEPTHOMY LIEHTPI, XapakTepu3yeTbes
HKYMMU MOKa3HUKaMK NicnsionepawiiHiX yCknagHeHb i
3HAYHO KPALLOK AECATUPIYHOK BUXMBAHICTHO [31,32].

®apmakonoriyHa Tepanisi: iHribitopu miosuHy. Maga-
KamMTeH — NepLUni npenapar, LWo Moandikye CKOpOTIMBICTL
MioKapZa, CenekTMBHO MPUTrHIYyYM akTUBHICTb Kapgai-
anbHoro mioauHy [33]. Y gocnimkenHi EXPLORER-HCM
MoKasaHo: NikyBaHHS LM NpenapaTom Cnpusano KniHivYHO
3HauyLLOMY Ta CTiiKoMY NOKpaLLeHHto rpagieHTis y BTTILL,
piBHiB NT-proBNP i oyHkuioHanbHoro knacy NYHA [9,34].
3a pesynsratamu gocnimkeHHs VALOR-HCM, vaBakamTeH
AaB 3MOry YHUKHYTW cenTanbHoi Tepanii y noHag 80 %
naujeHTiB, SkuM BoHa 6yna sannaHosana [10,35].

AdbikaMTEH, HOBILUUA NPEACTABHUK CENEKTUBHMX iHri-
6iTOpiB MiO31HY, MaE KOPOTLLMIA Nepios HaniBBUBELEHHS i
6inbLu KOHTPONLOBaHY hapMakoKiHeTUKy [36].

06roBopeHHA

3rigHO 3 OHOBMNEHVMM aMEPUKAHCHKVIMY Ta EBPOMENCHKVMM
pekoMeHAaLlisiMu, CTpaTerist BeAEHHS NaLlieHTiB 3 06CTpyk-
TmBHOW hopmoto MKMIT 6asyeTbes Ha nepLloYeproBii
HEOOXiAHOCTI BUKOPUCTaHHA MeayKaMeHTO3HOI Tepanii
ANs Kopekuii cumnTomie. Y pasi 36epexeHHs CUMNTOMIB
NPy MaKcUMasbHO JOMYyCTUMUX [03aX MeAMKaMEHTO3HOI
Tepanii cnig ouiHUTY JOLNbHICTb OQHOrO 3 BapiaHTiB cen-
TarnbHoi pegykuiiHoi Tepanii [1,2].

CeneKTuBHiI iHriGiTopy Mio3MHY — HOBMIA €Tan y BeAEHHI
naujeHTiB 3 06¢TpykTHBHOIO chopmoto KM, amxe manu
BUCOKY KIMiHIYHY €DeKTUBHICTb: 3HIKEHHS rpagieHTa y
BTJIL, nokpaLleHHs TonepaHTHOCTI A0 HAaBaHTaXeHHS Ta
AkocTi xuTTa. Mpenapaty Liei rpynu, Sk-0T MaBakaMTeH Ta
adpikaMTeH, Aanu 3Mory iCTOTHO 3HU3UTW YacToTy Xipypriy-
HUX BTpYyYaHb. BTiM, 3rigHO 3 pe3ynbratamu JoChimKeHb
EXPLORER-HCM ta VALOR-HCM, HaBiTb Konu AOCSATHyTO
BUPAXEHOTO rEMOAMHAMIYHOMO MOKPALLEHHS Y 3HAYHOI
YaCTMHM NaLlieHTiB, B OKPEMMX BUNaaKax 30epiratoTbes Taki
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CTPYKTYPHi AeTepMiHaHTK obCTpyKuii, sk SAM, enoHrauis
nepeaHbOi CTYIKW MITparibHOrO KranaHa, aHoMarbHi Xopau
Towwo [9,10]. Y Takux BuNazkax yCyHeHHs 06CTPYKLLT MOX-
nvBe nuLLe XipypriyHnm Lwnsxom [1].

OTxe, y nauieHTiB i3 BupaxeHoto rineptpodieto ne-
PETWHKW, LLO acoLjiioBaHa 3 aHOManisM1 MiTpanbHoro
KnanaHa Ta nigknanaHHoro anapaty, MogudikoBaHa one-
pauist Moppoy 3anuLuaeTbes eAMHUM METOLOM, LLO CrIpUSiE
YCYHEHHI0 cybcTpaty AuHamiyHoi obeTpykuii. MokasHnk
BuxmBaHocTi noHaz 90 % uepes 10 pokis i MiHiManbHa
nicnsnpouenypHa cMepTHICTb (<1 %) y pasi BUKOHaHHS KO-
pekuii y BUCOKocneLianisoBaHyx LEHTpax NiaTBEPLKYOTb,
LU0 ONTUManbHi pesynsTaTi 4OCSHKHI TOA|, Konm onepawio
BMKOHYE [OCBigYeHa MynbTyancUMnIiHapHa KOMaHAaa.
Pasom i3 TM, AaHi Wwoao 36inbLUeHHS 4acToTU NOBHOT
AV-Briokagm, NOBTOPHUX IHTEPBEHL|iN | MEHLL CTIPUSTIINBIX
BifjaneHnx pe3ynbTaTiB Micns ankorosbHOI cenTanbHoi
abnsauii ninTBEpmKYIOTL HEOOXIAHICTL YBaXKHOrO BinbOpY Na-
LIiEHTiB Ta 36epeXeHHs MPUHLMMY LLOAO NEPLIOYEProBOCTi
XipypriYHoi KopekLii y Monoaux naLieHTiB Ta B aHaTOMIYHO
cknagHux Bunagkax [17,18,19,28].

[NepeponepaLiiHe NnaHyBaHHS PO3LUMPEHOT cenTarb-
Hoi miekToMii npu o6CTpyKTUBHIN chopmi TKMIT HuHi € He
MPOCTO OHUM i3 [iarHOCTUYHKX eTaniB, ane 1 KN4oBo
CKnazoBoto BUOOPY TepaneBTUYHOI cTpaterii. 3 nosiBoto
CeneKkTUBHMX iHrBITOpiB MiO3WHY ponb Bidyanidauii nuwe
nocununach, afke came BOHa [1a€ 3MOry BU3HaYNTK, Y €
obetpykuist y BT noteHLiiiHo 06opoTHOW MeauKaMeH-
TO3HO, 4 NoTpedye cenTanbHoI peayKuiiHoi Tepanii [15,37].

KombiHauis Takux cy4yacHUx METOZIB [iarHOCTMKM,
Ak ExoKT, KT i MPT gae amory ccopmyBaTi KOMMneKcHe
YSIBNEHHS NP0 MopdhodhyHKLoHarbHi 0COBNMBOCTi KOXHOTO
BWNaAKy. Y NpOBIAHMX CBITOBMX petepeHTHUX LieHTpax
BWKOPWCTOBYIOTb CTaHAAPTU30BaHi NPOKONY nepegonepa-
LiHoro MPT-i KT-ckaHyBaHHS, a pe3yrnsTaTii 06roBopiorTh
Ha MynsTUAMCLUMNNIHAPHOMY KOHCWMIyMi — Tak 3BaHa Heart
Team [3,16,20,38].

Mepenonepauiiite obcTexeHHs nepenbavae BU3Ha-
YeHHS1 aHaTOMIYHOTO TUMy rinepTpodii Ta ii NPOTSHKHOCTI,
BUMIPIOBAHHS TOBLUMHM TiNepTPOhOBaHNX CErMEHTIB nig,
yac AiacTonu; BCTAHOBIEHHS BIACTaHi Bif aopTanbHOMo
KinbLs 0 AiNSHKM MaKCUManbHOI rinepTpodii; BU3HaveH-
HSI aHaTOMO-MOPEONOriYHNX 0COBMMBOCTEN MITParbHOrO
KranaHa Ta nigknanaHHuX CTPYKTYp; CTpaTudikaLliio pusnky
apuTMiiA 1 OLiHIOBaHHS HEODXIAHOCTI iMNNaHTauii kapgio-
BepTepa-aedibpunsTopa.

Lincpposa tpaHchopmauis kapaioidyanisauii Big-
KpWBae HOBUIA eTan y nepeaonepaviiHii nigrotosL. As-
ToMaTu3oBaHe 3D-CermeHTyBaHHsi, MallMHHE HaBYaHHS
ANSi PEKOHCTPYKLii Ta OLiHIOBaHHS MOpPONOrii BUXIAHOMO
TPaKTy NiBOrO LUMYHOYKA, & TaKoX MOAENi NPOrHO3yBaHHs
3anuLLKOBOI 0BCTPYKLUIi — NepcnekTUBHI IHCTPYMEHTH
nepegonepadinHoro nnaHysaHHs [39]. KT-ckaHepu 3 0bpa-
XYHKOM (DOTOHIB [1atoTb 3MOTY NOKPALLMTW KOHTPACTHICTb
M'SIKMX TKaHWH, Habnmxkarouuck a0 moxnmeoctert MPT B
OLiHIOBaHHI MIXKMITUHHOMO (hibpo3y Sk KPUTUYHOTO napa-
MeTpa Ans cTpatudikavii pranky Ta BU3HAYEHHS TaKTUKM
nikyBaHHs [40].

[eTeporeHHICTb NPOSIBIB rinepTpodivHOI kapaiomionarii,
K | AMHaMiYHa €BOMIOLLiS reMOAMHAMIYHUX napaMeTpiB i
KNiHIYHMX YCKNaaHeHb, 3yMOBMOe HeobXiaHICTb 30anaH-
COBaHOr0 MyNLTUAMCUMNNIHAPHOMO nigxoady 3 3anyyveH-
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Ornsaam

HAM nikapiB NepBUHHOT NaHkK, axiBUiB i3 kapaianbHOi
Bidyanisauii Ta goyHKLiOHarbHOI giarHOCTUKK, Kapaionoris,
reHeTuKiB i kapgioxipypris [41].

He MeHLL BaX1BUM KOMMOHEHTOM Cy4acHOro Migxo-
[y € reHeTnyHa cTpatudikauis. Y Hociie myTauin MYH7
i MYBPC3 Bu3HaueHo 6inblu BUpaxeHnin heHoTun, pa-
HiLLMIA NoYaTok i BinbLuy MMOBIPHICTL PO3BUTKY (hibpo3y
Ta apuTMmin. JaHi wono eHoTmn-reHOTUN acouialin
NiATBEPOXYIOTb HEOBXIAHICTb BKITOYEHHS TEHETUYHOTO
TECTYBaHHsl B anropuT™ nepefonepaLiiHoro OLiHioBaH-
HS1: BUSIBMEHHS! BUCOKOPU3MKOBKX MYyTaLiii MOXe CrpusiTh
paHHLOMY CNPsIMYBaHHIO NaLjieHTa A0 EKCNEPTHUX LIEHTPIB
3 nikyBaHHs [KMI Ta B13HaYeHHs AOLINBHOCTI NEPBUHHOT
npodinakTuki panToBoi cmepTi [4].

[N BU3HaYeHHs eTionorii Ta yTOHHEHHS AudepeHLiin-
HOro AiarHo3y rineptpodiyHoi kapaiomionartii HeobxigHe
BMNPOBAKEHHS TEHETWYHOrO aHanisy, CpsMOBaHOrO Ha
i0eHTUiKaLito NaToreHHUX BapiaHTiB reHis. Take gocni-
[DKEHHS! € KPUTUYHO BAXIIMBIM KOMIMOHEHTOM JjiarHOCTUY-
HOrO, NPOrHOCTUYHOTO Ta TepaneBTUYHOTO NpoLeciB [42].

BucHoBKH

1. CyyacHui nigxig [o nikyBaHHs o6cTpykTBHOI TKMI
3MiCTUB (HOKYC Bif, YHIBEPCANbHOI XipypriYHOl TaKTUKN A0
nepcoHani3oBaHoi cTparterii, 0BrpyHTOBaHOI Bidyanisavieto
Ta chisionorieto. dapmakornoriyHa Tepanist po3LLMPIOE MOX-
NWMBOCTI BEZIEHHS, NPOTE He yCyBae noTpebu y XipyprivHomy
NiKyBaHHi B OKpEMWX KaTeropii XBopux, a HaBnaku — fo-
nomarae peTenbHille 0bupaty nauieHTiB. Xoua iHribiTopu
MiO3VHY BiKPUV HOBY €pY MEeAMKaMEHTO3HOTO NiKyBaHHs!
Ta 3HM3WNK 3aranbHy NoTpeby B cenTarnbHil pesyKLUiliHIn
Tepanii, XipypriyHa MieKTOMisl, BUKOHaHa B EKCNepTHO-
MY LieHTpI, 3annWaeTbC ONTUMArbHOK TEXHIKOW Ans
pedpakTepHUX [0 MEOMKAMEHTO3HOrO NiKyBaHHS (hopM
obctpyktueHoi FKMIT.

2. MepenonepalliiHe nnaHyBaHHsA cenTarbHOl Miek-
TOMii Npu obcTpykTUBHIN KM 3a JONoMorot cyyacHux
METOAIB Bidyanisauii € kno4oBuM eTtanom, o besnoce-
penHbO BMMMBAE Ha YCMILUHICTL i 6e3neKy BTpyYaHHs.
MynstumopansHa Bisyanisauist (ExoKr, KT, MPT) cnpusie
TOYHOMY OLIiHIOBaHHIO aHaToMil, iHauBigyanisauii nigxoay,
CKOPOYEHHIO TPMUBANOCTI onepaLii Ta 3HWKEHHIO YacToTK
yCKIaZHeHb.

3. MoegHaHHs hapmakoTepanii, cenTanbHOT peayKLiii-
HOi Tepanii, FeHETUKI, MOXITMBOCTEN LUTYYHOTO IHTENeKTy Ta
HOBUX AiarHOCTUYHUX MeTOZIB (hOpPMYE OCHOBY NS NepCo-
HanizoBaHoi kapgjonorii, 4e KOXHe pilleHHs Byae TOYHNM,
[0Ka30BWM | afanToBaHNM 0 KOHKPETHOTO MaLjieHTa.
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Aim. To analyze the significance of endothelial dysfunction biomarker assessment in the management of patients with arterial
hypertension.

Materials and methods. A systematic review of scientific literature on the stated topic was conducted using the scientometric
databases PubMed, Scopus, and Web of Science for the period 2020-2025. To identify sources addressing the significance of
biomarkers of endothelial dysfunction in the management of patients with arterial hypertension, various combinations of the fol-
lowing keywords were used: “hypertension”, “endothelial dysfunction”, “biomarker”, “hypertensive crisis”, “hypertensive urgency”,
“hypertensive emergency”, and “cardiovascular diseases”. The most relevant were selected on the basis of publication date, journal
reputation, and citation count. Foundational works published prior to 2020 were selectively included where no equivalent contem-
porary evidence was available, in order to provide essential mechanistic and historical context for the discussed pathophysiological
processes. After reviewing abstracts and full texts, 51 articles were selected for in-depth analysis.

Results. Modern research has moved beyond the traditional perception of the endothelium as a simple barrier. Current understanding
recognizes the endothelium as an active regulator of vascular tone, inflammation, and hemostasis, with endothelial dysfunction
(ED) serving as an early and pivotal factor in the development and progression of arterial hypertension and its complications. ED
develops long before clinical symptoms appear and is maintained by a vicious cycle of interaction with elevated blood pressure.
Biomarkers of ED, such as nitric oxide, endothelin-1, asymmetric dimethylarginine, von Willebrand factor, soluble adhesion mole-
cules, endothelial microparticles, and circulating endothelial cells, reflect the degree of endothelial injury and activation. They may
assist in predicting complications of hypertensive crisis and in monitoring treatment efficacy. The main limitations include the lack
of standardized measurement methods, low specificity of certain markers, rapid metabolism, high cost, and limited availability.
Despite these challenges, early identification of ED biomarkers has the potential to improve risk stratification, detect subclinical
target organ damage, and enable timely intervention in hypertensive crisis.

Conclusions. Endothelial dysfunction is a key mechanism in the progression of hypertensive crisis and target organ damage. Its
biomarkers help assess the risk of cardiovascular events and monitor treatment effectiveness; however, their widespread use is
limited by low specificity and rapid metabolism, necessitating further research.
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3HaueHHsA oUiHIOBaHHA biomapkepiB eHAOTeAiaAbHOI AUCHYHKLi
y BeACHHi NaujieHTiB 3 apTepianbHOIO rinepTeHsieto

€. B. Ciab, T. . CitaneHko, 0. B. ConoBiioB

Merta po6oTu - npoaHanisyBaTit 3Ha4yeHHs OLjiHIOBaHHS BiomapkepiB eHaoTenianbHOT ANCHYHKLUIT y BeaeHHi nauieHTiB 3 apTepi-
anbHOIO riNepTeH3ieto.

Marepiaau i metoau. 3a JONOMOroH0 MOLLYKY B HaykomeTpuuHux Basax PubMed, Scopus i Web of Science npoBeaeHo peTpo-
CMEKTVUBHWUIA aHani3 HaykoBux nybnikaLiit 3 obpaHoi Tematuku 3a 2020-2025 pp. Ans BUSIBNEHHS [Kepen, LU0 BUCBITIIIONTbL
3HaueHHs1 BiomapkepiB eHgoTenianbHoi AMCHYHKLUIT y BeAeHHI NaLieHTiB 3 apTepianbHOI rinepTeH3ier0, BUKOPUCTOBYBaAmNM PisHi
kom6iHaLii krtoqoBwx cnie: «hypertensiony, «endothelial dysfunctiony, «biomarkery, «hypertensive crisis», «hypertensive urgency»,
«hypertensive emergency», «cardiovascular diseases». [lo aHanisy BkrO4eHO HanbinbLL penesaHTHI nybnikauii, BigibpaHi 3a
[1aToK BUXOAY, aBTOPUTETHICTIO BUAAHHS Ta piBHEM UUTYBaHHS. PyHaaMeHTanbHi npalli, onybnikosaHi 4o 2020 poky, BUOipkoBO
BKIKOYEHO, KOMM He Byno exBiBaNEHTHNX Cy4aCHUX SOKa30BUX [xepern, Wob 3abe3neunti HanexHin iCTOPUYHINIA KOHTEKCT ANnst
natodisionoriyHnx NpoLeciB, ki aHanidysany. Iicns 03HaoMneHHs 3 aHOTaLisIMW Ta NOBHUMM TEKCTaMM A4St AETaNbHOro aHanisy
BifibpaHo 51 ctatTio.

Pesynbratn. CyyacHi BoCnimKeHHs BUXOAATb 3a MexXi TpaguULIIiHOrO CNpUHATTS eHAoTeNito sik npocToro Bap’epa. 3a cysacHmu
YABMEHHAMMW, eHOOTENIN — Lie aKTUBHWA PErynsaTop CyAMHHOrO TOHYCY, 3ananeHHs Ta remocTasy. EHpoTenianbHa AucdyHKLis
(ELL) € paHHbOHO Ta KIKOHOBO NMaHKOK Y PO3BUTKY Ta NPOrpecyBaHHi apTepianbHoi rinepTeHsii Ta ii ycknagHeHb. EL dhopmyeTbest
3a/10Bro [0 MOSIBY KITIHIYHMX O3HAK i MIATPUMYETHCS «XUOHUM KOMoMy B3aemogii 3 nigsuLLleHnm Tuckom. biomapkepu EL (okeua
as0Ty, eHpoTeniH-1, acCUMETPUYHWIA AUMeETUnapriHiH, dakTop ¢oH Binnebpanaa, posunHHi Monekynu aaresii, eHgoTenianbHi
MIKPOYaCTUHKW, LIMPKYMHOKOYi eHAoTenianbHi KNiTUHU) XapaKTepu3yoTb CTYNiHb NOLIKOMKEHHS Ta akTUBaLl HOOTENI0, MOXYTb
fonomaratu y NporHo3yBaHHi YCKNagHeHb rinepTeH3MBHOIO KpW3y Ta MOHITOPWHIY NikyBaHHs. OCHOBHI 0OMEXEHHS — BIACYTHICTb
CTaHAapTM3aLlii METOAIB, HU3bKa CeLMAIYHICTL OKPEMMX MapKEPIB, LWBMAKMIA META00IM3M, BUCOKa BapTICTb Ta 0OMexXeHa AoCTyn-
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3anopisbkuit MeAnUHMIA XypHan. Tom 28, Ne 4(157), auneHb - cepnenb 2026 p. ISSN 2306-4145

KatouoBi cnoBa:
apTepianbHa
rineprex3is,
eHAOoTeAiaAbHa
AVCOYHKLA,
6iomapkep,
rinepTeH3uBHUM
KpW3, HEYCKAAAHEHUI
rinepTeH3uBHUM
KpW3, YCKAGAHEHUI
rinepTeH3UBHUI KpU3,
CepLeBO-CyAUHHI
3aXBOPHOBAHHS.

3anopisbkuit
MeAUYHUI XXypHaA.
2026. T. 28, Ne 4(157).
C. 365-370

https://zmj.zsmu.edu.ua 365


https://zmj.zsmu.edu.ua/
https://doi.org/10.14739/2310-1210.2026.4.344089
https://orcid.org/0000-0001-9198-9640
https://orcid.org/0009-0009-9317-167X
https://orcid.org/0000-0002-2916-6106
https://creativecommons.org/licenses/by/4.0/

Review

366

HiCTb. HesBaxatoum Ha Lie, paHHeE Br3HaueHHs Biomapkepi EL] Ma€e noTeHLian Ans nokpaLLeHHs cTpatudikallii puauky, BUSBIIEHHS!
CyOKMIHIYHOrO YpaEHHS OpraHiB-MiLLEHEN | CBOEYACHOrO BTPYYaHHS NPY rinepTEH3MBHOMY KPU3i.

BucHoBku. EHpoTenianbHa AMcyHKLIS € KIIo4Y0BUM MeXaHi3MOM NpOrpecyBaHHs rinepTeH3UBHOTO KpU3Y Ta ypaXeHHs OpraHiB-Mi-
LweHen. |i Giomapkepy fonomararoTb OLHIOBATY PU3NK CEPLIEBO-CYANHHIX MOAIN | KOHTPOMIOBATY €HEKTUBHICTb NiKyBaHHS, NpoTe
iX LUMPOKe 3aCTOCyBaHHS 0OMEXYIOTb HU3bka CreLMAIYHICTb i WBKAKMA MeTaboniam, Lo noTpedye nopanbLunX AOCHimKeHb.

Arterial hypertension (AH) is a chronic disease character-
ized by elevated blood pressure. It is a major modifiable risk
factor for cardiovascular diseases and remains a significant
global contributor to morbidity and mortality. Hypertension
represents a considerable public health burden both globally
and in Ukraine, underscoring the critical need for advanced
prognostic tools to guide disease management [1,2].

The development of endothelial dysfunction (ED) is a
key pathophysiological process underlying the onset and
progression of numerous disorders, particularly cardio-
vascular diseases. This ubiquity highlights the universal,
albeit nonspecific, nature of ED in the pathogenesis of
many diseases and pathological conditions. Impaired bio-
availability of nitric oxide (NO) is considered the principal
manifestation of ED and is central to understanding its
underlying mechanisms [3,4].

ED plays a pivotal role in the pathogenesis and progres-
sion of hypertension and its cardiovascular complications. It
frequently precedes the clinical manifestation of AH, making
it a critical target for early diagnosis and intervention. ED
is associated with a reduction in NO bioavailability, which
impairs endothelial vasodilatory function and promotes
vasoconstriction. This creates a pro-hypertensive environ-
ment marked by increased vascular resistance, activation
of inflammatory pathways, and subsequent vascular
remodeling. Identifying biomarkers of ED may support
personalized prevention strategies for hypertension and
its complications [5,6].

A common complication of AH is a hypertensive crisis
(HC), characterized by a sudden and significant increase
in blood pressure. HC is classified into two distinct clinical
entities: hypertensive urgency, defined as a severe elevation
of blood pressure without evidence of acute target organ
damage, and hypertensive emergency, which involves
acute damage to target organs. These two clinical scenarios
require fundamentally different approaches to emergency
management and ongoing care [7,8].

In the context of hypertensive urgency, the acute ele-
vation of blood pressure induces substantial mechanical
stress on the vascular walls. This stress directly injures the
endothelium and triggers a pro-inflammatory response,
leading to ED. The ensuing cascade includes increased
vascular permeability, platelet activation, and heightened
coagulation, culminating in fibrin deposition and reduced
tissue perfusion in target organs. This hypoperfusion ul-
timately leads to tissue and organ ischemia — a hallmark
of hypertensive emergency. Although biomarkers of ED
are well-studied, their clinical role in the management of
hypertensive patients, particularly during HC, remains a
matter of ongoing debate [9,10].

Aim
To analyze the significance of endothelial dysfunction bio-

marker assessment in the management of patients with
arterial hypertension.

ISSN 2306-4145  https://zmj.zsmu.edu.ua

Materials and methods

Asystematic review of scientific literature related to the stat-
ed topic was conducted using the scientometric databases
PubMed, Scopus, and Web of Science, primarily covering
the period from 2020 to 2025. During the search for available
studies concerning the significance of assessing biomarkers
of ED in the management of patients with AH, various com-
binations of the following keywords were used: “hyperten-
sion”, “endothelial dysfunction”, “biomarker”, “hypertensive
crisis”, “hypertensive urgency”, “hypertensive emergency”,
and “cardiovascular diseases”. The most relevant sources
addressing the research question were selected for anal-
ysis. The main selection criteria included publication date,
journal authority, and citation count. Foundational works
published prior to 2020 were selectively included where no
equivalent contemporary evidence was available, in order
to provide essential mechanistic and historical context for
the discussed pathophysiological processes. After reviewing
abstracts and full texts, a total of 51 scientific articles were

selected for in-depth analysis.

Results

Modern research has moved beyond the traditional per-
ception of the endothelium as a mere barrier. According to
current understanding, the endothelium is recognized as an
independent, dynamically active endocrine, paracrine, and
autocrine organ. It weighs approximately 1 kg and has a
total surface area of about 40007000 m?, lining the entire
vascular system. This updated view of endothelial function
implies that ED is not simply a localized injury but a disrup-
tion of the functions of a vital, systemically regulatory organ.
This perspective explains why biomarkers of ED are critical
for evaluating a patient’s overall health status, assessing
disease risk, and predicting complications [11,12].

Moreover, scientific evidence indicates that ED can
develop in the early stages of various pathological pro-
cesses, even before the appearance of clinical or morpho-
logical signs of disease. For instance, ED can begin within
hours following surgery or the onset of an acute condition.
Endothelial impairment also precedes clinical and morpho-
logical manifestations of diseases such as atherosclerosis
(Fig. 1). These facts emphasize that ED is not merely a
consequence but an early and fundamental event that
actively contributes to the development and progression
of conditions like atherosclerosis and arterial hypertension.
This underscores the importance of early diagnosis of ED
using biomarkers, particularly in preventive medicine and
timely therapeutic intervention [13,14,15].

The relationship between ED and AH is complex and
bidirectional, forming a self-perpetuating vicious cycle. El-
evated blood pressure induces vascular wall changes and
inflammation, which in turn exacerbate ED. This worsening
of endothelial function further contributes to increased
arterial pressure. Such an understanding goes beyond
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Fig. 1. Relationship between the stages of atherosclerosis progression and endothelial dysfunction [14].

a simplified linear cause-and-effect model. It implies that
effective management of AH requires a multifaceted ap-
proach, one that not only controls blood pressure but also
actively targets the elimination or reversal of ED in order
to break this pathological cycle. Clinically, this suggests
that early interventions aimed at preserving or restoring
endothelial function may represent a crucial strategy for
preventing the progression of AH and the development of
its complications [16,17].

A healthy endothelium acts as a central regulator of
homeostasis and blood pressure control, fulfilling essential
antioxidant, anti-inflammatory, and antithrombotic functions.
Several key pathophysiological mechanisms underlie the
development of ED and are associated with either increased
or decreased levels of specific biomarkers [18,19].

Imbalance of vasoactive molecules. One of the hallmark
features of ED is the altered synthesis or bioavailability of
vasoactive substances. This includes a reduction in vaso-
dilators such as NO, alongside an increase in vasoconstric-
tors such as endothelin-1. NO, synthesized by endothelial
NO-synthase (eNOS) from L-arginine, induces vasodilation,
inhibits vascular smooth muscle cell proliferation, and
prevents platelet and leukocyte adhesion, thereby exerting
anti-atherosclerotic effects [20,21].

Inflammation and oxidative stress. Chronic inflamma-
tion and oxidative stress are closely interconnected mecha-
nisms that play a central role in the development of both ED
and AH. Current evidence shows that inflammatory media-
tors, including interleukin-6 and C-reactive protein, reduce
the production or bioavailability of NO, directly contributing

3anopisbkuit MeAnUHMIA XypHan. Tom 28, Ne 4(157), auneHb - cepnenb 2026 p.

to ED. Additionally, vasoactive agents such as angiotensin
and the mineralocorticoid aldosterone induce inflammation
and generate reactive oxygen species, further exacerbating
ED and promoting the progression of AH [22,23].

Vascular remodeling and arterial stiffness. ED signifi-
cantly contributes to the structural and functional changes
observed in the resistance arteries. These changes include
increased peripheral vascular resistance, vascular remod-
eling, and arterial stiffness. Vascular remodeling involves
degradation of the extracellular matrix, which is mediated
by an imbalance between matrix metalloproteinase activity
and their tissue inhibitors (TIMPs) [24,25].

Endothelial activation. In the setting of AH, endothelial
cells become activated, leading to increased expression
of specific adhesion molecules on their surface. These
molecules are key mediators in leukocyte recruitment to
the vascular endothelium, a fundamental step in the early
stages of atherosclerosis. The most studied adhesion mol-
ecules include E-selectin (endothelial-leukocyte adhesion
molecule-1), P-selectin, intercellular adhesion molecule-1
(ICAM-1), and vascular cell adhesion molecule-1 (VCAM-1).
Upregulation of adhesion molecules (ICAM-1, VCAM-1,
E-selectin) on the endothelial surface promotes increased
vascular permeability, facilitating inflammatory responses
and creating a prothrombotic state [26,27].

Platelet activation and coagulation cascade. A healthy
endothelium possesses antithrombotic properties, actively
modulating the coagulation cascade and preventing unwant-
ed thrombus formation. In contrast, ED shifts the hemostatic
balance toward a prothrombotic state, promoting platelet
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aggregation and activating the coagulation cascade, which
may contribute to thrombosis [28,29].

There is a direct link between acute mechanical stress
caused by elevated blood pressure, endothelial injury, and
subsequent target organ damage. ED is not merely a pas-
sive consequence of AH; it acts as an active participant, and
potentially a key driver, of target organ damage during the
development of a HC. Therefore, biomarkers that accurately
reflect the severity of ED could be valuable for risk stratifi-
cation of complications, including impending target organ
injury, even before overt clinical symptoms appear [30,31].

Biomarkers of endothelial dysfunction can be broadly
classified into two main categories: circulating soluble
biomarkers and cellular ones. These indicators may hold
significant potential for improving risk stratification in patients
with uncomplicated HC. They provide insight into the under-
lying pathophysiological processes occurring at the vascular
wall level during acute blood pressure elevations. Below, we
outline key biomarkers of ED that may be clinically useful
in patients with AH during a HC [32,33].

Nitric oxide is a key endothelium-derived relaxing factor
that plays a central role in maintaining vascular tone and
homeostasis. Reduced NO bioavailability is a hallmark
mechanism of ED. However, as NO is an unstable molecule
with a short half-life in plasma, its direct measurement in
clinical practice is challenging. Therefore, the assessment of
endogenous NO production typically relies on the measure-
ment of its stable metabolites, nitrates and nitrites [34,35].

Endothelin-1 (ET-1) is one of the most potent vasocon-
strictor peptides and plays a crucial role in vascular tone
regulation, vascular remodeling, and the pathogenesis
of both ED and AH. ET-1 production by endothelial cells
increases during HC, promoting vasoconstriction, inflam-
mation, and oxidative stress. Studies have demonstrated
significantly elevated serum levels of ET-1 in hypertensive
patients compared to normotensive individuals. However,
despite its well-established pathophysiological role, ET-1
is not always a reliable circulating biomarker for assessing
ED during HC. This limitation is attributed to its very short
plasma half-life and the fact that ET-1 secretion by endothe-
lial cells is predominantly directed toward adjacent vascular
smooth muscle cells. Therefore, the utility of ET-1 as a
biomarker for ED in HC requires further clarification [36,37].

Asymmetric dimethylarginine (ADMA) is an endogenous
competitive inhibitor of NOS, the enzyme responsible for NO
production. Elevated plasma levels of ADMA are associated
with decreased NO synthesis and the development of ED.
ADMA s generated through methylation of arginine residues
followed by proteolysis and is primarily eliminated through
degradation by the enzyme dimethylarginine dimethylami-
nohydrolase (DDAH). High ADMA concentrations have
been closely linked to various cardiovascular and metabolic
disorders, including AH and hypercholesterolemia. ADMA
is currently recognized as a strong independent predictor
of mortality and future cardiovascular events. However,
despite its prognostic value, current laboratory methods
for ADMA determination are not yet standardized for
routine clinical use, which presents certain challenges for
researchers [38,39].

Von Willebrand factor (vWF) is a large multimeric gly-
coprotein synthesized by endothelial cells and megakary-
ocytes. It plays a central role in hemostasis by mediating
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platelet adhesion and aggregation. Elevated levels of vWF
are widely recognized as a biomarker of endothelial injury
and dysfunction, commonly observed in patients with AH
and other cardiovascular diseases such as coronary
artery disease. From a prognostic perspective, VWF is
an independent predictor of cardiovascular events in AH
patients [40].

Soluble cell adhesion molecules (sCAMs), including
soluble forms of ICAM-1 (sICAM-1), vascular cell adhe-
sion molecule-1 (sVCAM-1), and E-selectin, are proteins
released into the bloodstream from the surface of activated
or damaged endothelial cells. These molecules serve as
important biomarkers of processes involving endothelial
activation or injury. Elevated levels of SCAMs have been
observed in various inflammatory conditions, cardiovas-
cular diseases, and AH. For example, increased levels of
VCAM-1 and ICAM-1 have been detected in AH patients
compared to normotensive individuals. These adhesion
molecules play a critical role in recruiting inflammatory
cells to the vascular endothelium, which is a key step in
the development of vascular inflammation. Measurement
of sSCAMs can reflect ongoing endothelial activation and
damage, providing valuable information for risk assessment
and potential therapeutic monitoring [41,42].

Endothelial microparticles (EMPs) are small membrane
vesicles ranging in size from 0.2 ym to 2.0 ym, shed from
the surface of endothelial cells in response to cellular ac-
tivation, injury, or apoptosis. In healthy individuals, EMPs
circulate at low levels, reflecting normal endothelial cell
turnover. However, their concentrations increase markedly
in various cardiovascular diseases, including AH and hyper-
cholesterolemia, and correlate with the degree of ED. This
highlights their potential use as quantitative biomarkers of
ED. Despite their promise, the clinical application of EMPs
remains limited. Their measurement is technically chal-
lenging due to their small size, heterogeneous nature, and
the need for specialized sample processing, making their
use largely confined to research settings and specialized
laboratories [43,44].

Circulating endothelial cells (CECs) are mature en-
dothelial cells rarely found in the blood of healthy individu-
als, but their numbers rise significantly in a wide range of
pathological conditions, including inflammatory, immune,
infectious, neoplastic, and cardiovascular diseases, indicat-
ing profound vascular injury. This supports their potential as
novel biomarkers of vascular damage. However, progress
in their clinical application is hindered by the variability of
detection methodologies, which may lead to inconsistent
or conflicting results. Nonetheless, CECs and endothelial
progenitor cells (EPCs) continue to show biological potential
in assessing the balance between endothelial damage and
regenerative capacity [45,46].

Discussion

Currently, biomarkers of ED are known to possess sub-
stantial prognostic value in the management of patients
with AH. In a study by B. J. H. van den Born et al., it was
demonstrated that HC induces a prothrombotic state
characterized by ED, platelet activation, and increased
thrombin generation. The researchers concluded that
these alterations may contribute to an elevated risk of
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complications during HC. However, the question re-
mains as to which specific biomarkers may be useful in
predicting complications in cases of uncomplicated HC,
and whether they can reliably improve short-term risk
stratification. The ability of ED biomarkers to predict acute
complications in HC within a short time frame remains
unclear [47,48].

ED biomarkers also show promise as tools for mon-
itoring treatment efficacy in patients with AH. Changes in
their levels may reflect a patient’s therapeutic response
and provide valuable information for adjusting treatment
strategies [49,50]. For instance, in a study by I. M. Fushtey
et al., successful treatment of AH patients was associated
with a decrease in ET-1 levels and a rise in NO, + NO,
concentrations [50].

However, several limitations and challenges hinder the
routine clinical application of ED biomarkers in AH patients.
These include: lack of standardized measurement protocols,
such as for ADMA, which may result in inter-laboratory var-
iability; methodological variability in quantifying biomarkers
like CECs and EMPs, often leading to conflicting results and
limiting broad clinical utility; lack of specificity, as inflamma-
tory markers such as interleukin-6 and C-reactive protein
can be elevated in a wide range of conditions, reducing
their predictive accuracy in uncomplicated hypertensive
crises; rapid clearance, as seen with ET-1, which has a
short plasma half-life and primarily local secretion, limiting
its usefulness as a systemic biomarker; high cost and lim-
ited availability of certain advanced biomarkers, which may
hinder their implementation in routine clinical practice [51].

Thus, biomarkers of ED hold promising potential for
precise risk stratification of complications in patients with ar-
terial hypertension during the development of a hypertensive
crisis. They may also play a critical role in the early detection
of target organ damage even at the subclinical stage, before
overt clinical symptoms emerge. This is essential for timely
referral to inpatient care and the initiation of interventions
that may prevent progression to irreversible organ injury.

Beyond prognostication, ED biomarkers may serve as
valuable tools for optimizing and personalizing treatment
strategies in AH patients, ultimately contributing to improved
clinical outcomes and more targeted therapeutic approaches.

Conclusions

1. Endothelial dysfunction is a key pathophysiological
mechanism underlying the progression of hypertensive
crisis from uncomplicated to complicated forms, contributing
to target organ damage.

2. Biomarkers of endothelial dysfunction have prog-
nostic value, enabling more accurate risk stratification
for future cardiovascular events. In addition, they may
serve as tools for monitoring treatment efficacy and indi-
vidualizing therapeutic strategies in patients with arterial
hypertension.

3. The broad clinical implementation of endothelial
dysfunction biomarkers faces challenges, including the
nonspecificity of some markers and their rapid metabolism,
underscoring the need for further prospective studies to
determine their clinical utility.

Prospects for further research. Despite the promising
potential of ED biomarkers, there remain significant chal-
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lenges in their integration into clinical practice. Although
substantial progress has been made, issues related to the
specificity and sensitivity of ED biomarkers persist. Future
research should focus on the development and validation of
standardized, reliable, and accessible assays, as well as the
investigation of biomarker panels that can provide a more
comprehensive understanding of the underlying patho-
physiological processes in patients with AH, particularly
during HC. The implementation of ED biomarkers in routine
clinical practice holds the potential to significantly improve
outcomes in patients with HC by enabling more accurate
complication prediction and facilitating more effective and
individualized AH management.
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Ornsaam

BODE-iHAEKC Y Cy4acHiN KAiHIUHIW npaKT1Li:
AiarHOCTUYHi Ta NPOrHOCTUYHI MOXXAMBOCTI (OrAAA AiTepaTypu)

P. A. NoxupaeB®A-E, A, B. AykaweHko®A-F

3anopi3bkni AepxaBHUIA MeAMKO-GapMaLEBTUUHUIA YHIBepCUTET, YKpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnipeTauis AaHux; D - HanucaHHs ctaTTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

Merta po60Tu - y3aranbHeHHs Ta KpUTUYHUI aHania cy4acHnx HaykoBux gaHux (3a 2020—-2025 pokm) Woao AiarHoCTUYHKX | npo-
THOCTUYHUX MOXnMBocTel BODE-iHAEKCY B KNiHIYHIN NpaKTWL, @ TaKoX BU3HAYEHHS NOTO MicLs cepeq iHLIMX GaraToBUMIpHUX
Mogenel OLiHIBaHHS nepebiry XpoHiHHoro 06CTPYKTUBHOTO 3axBoptoBaHHst nereqb (XO3/T).

Marepiaau i meToau. 3aiiCHUNM HApaTUBHUIA OMMSAG CyvacHWX NybnikaLin, WO iHAEKCYTLCA Y MKHAPOAHWUX HAyKOMETPUYHMX
6asax (PubMed, Scopus, Web of Science), BKIIOYHO 3 CUCTEMATUYHUMM OFMISAAMM, KRiHIYHUMM LOCTIKEHHSMW, BanigaLiiHuMm
poboTamu Ta MiXHapoaHUMU pekoMeRaaLismu, siki onybnikosaHi y 20202025 pokax. [lo aHanisy 3anyyeHo noHaa 30 mkepen, y
AKUX BUCBITINIEHO NTaHHS LWoao 3acTocyBaHHs BODE-iHaekcy, noro MogudikaLin Ta ansTepHaTyBHUX GaraToBUMipHIUX Moaenen
Y PI3HVX KIHIYHUX CLIEHapIsX.

Pe3yAbTaTn. AHani3 cyyacHoi HayKoBOi niTepaTypu AaB 3Mory BCTaHOBUTH, Lo BODE-iHaeKe Mae BUCOKY MPOrHOCTUYHY LiHHICTb
LLOA0 CMEePTHOCTI, PU3uKY 3arocTpeHs i rocnitaniaauii y naviexTis i3 XO3[1. BkntoueHHs someHy dianyHoi npave3aaTtHocTi 3a6e3-
neyye Noro YyTIMBICTb 4O CUCTEMHMX NMPOSIBIB 3aXBOPIOBAHHS | A€ 3MOry MOBHILLE OLHIOBATW (OYHKLIOHAmNbHWIA CTaH NawjieHTiB
MOPIBHSIHO 3 OAHOBUMIPHUMM NOKa3HMKkamu. MopiBHSHHA 3 iHWMMK GaraToBuMipHUMM iHaekcamu (ADO, DOSE, BODEX ToLwo)
rokasarno, Lo B1Gip iHCTpyMEHTa Mae 3anexatu B KNiHIYHOI METW, BOCTYMHOCTi KOMMOHEHTIB i xapakTepucTuk nonynswii. CyyacHi
mogudikauii BODE # anstepHaTvBHI TeCTW (hisnyHOI NpaLe3naTHOCTI PO3LUMPIOKTL MOXIMBOCTI Or0 3aCTOCYBaHHS B YMOBaX
0OMEXEHNX pecypciB.

BucHoBku. BODE-iHAeKC 3anuwiaeTbest akTyanbHUM i KiHIYHO 3HaYYLLMM iHCTPYMeHTOM baratoBumMipHoro ouiHioBaHHs XO3Ty
Cy4acHiit npakTuLL. Mloro 3acTocyBarHs AoLiinbHe ANs cTpaTudbikaLii puavKy, MOHITOPUHIY nepeBiry 3aXBopioBaHHS, BU3HAUEHHS
e(eKTUBHOCTI HedhapMaKoNOriYHUX BTPYYaHb i NiATPUMKM KMiHIYHOMO yXBaneHHs! pilleHb. HacTynHi gocnimkeHHs maroTtb Gyt
cnpsiMoBaHi Ha iHTerpauito BODE-iHAeKCY 3 HOBUMM MPOTHOCTUYHMM MiAX0AaMU N5 NiABULLEHHS PIBHS NepCcOHanisaLlii BeaeHHs!
nauieHTiB.

KAtouoBi cnoBa:
BODE-iHaeke, XO3A,
NPOrHOCTUYHUI
iHAEKC, CMEpPTHICTb,
3aroCTpeHHs,
AereHeBa
peabinitadis,
onepauis 3i
3MEHLUEHHS!
06’eMy AereHb,
TpaHcnAaHTauis
AEreHb,
6aratoBMMipHa
OUjHKa.

3anopisbkui
MeAUYHUI XXypHaA.
2026. T. 28, Ne 4(157).
C. 371-379

The BODE index in contemporary clinical practice: diagnostic and prognostic value

R. A. Pozhydaiey, L. V. Lukashenko

Aim. To systematically summarize and appraise recent scientific data (2020-2025) on the diagnostic and prognostic value of the
BODE index in clinical practice, as well as to determine its place among other multidimensional models for assessing the course
of chronic obstructive pulmonary disease (COPD).

Materials and methods. A narrative review of modern published literature in international scientometric databases (PubMed, Scopus,
Web of Science) was conducted, including systematic reviews, clinical trials, validation studies, and international recommendations
published in 2020-2025. The review included more than 30 sources examining the application of the BODE index, its modifications,
and alternative multidimensional models in various clinical scenarios.

Results. The analysis of the current literature confirmed that the BODE index retains strong independent predictive accuracy for
mortality, risk of exacerbations and hospitalizations in patients with COPD. The exercise capacity component ensures its sensitivity to
systemic manifestations of the disease and enables a more comprehensive evaluation of the functional status of patients compared
to unidimensional indicators. Comparison with other multidimensional indices (ADO, DOSE, BODEX, etc.) showed that the choice
of the tool should depend on the clinical goal, availability of components and population characteristics. Modern modifications of
the BODE and alternative physical performance tests extend its applicability in resource-limited settings.

Conclusions. The BODE index remains a relevant and clinically significant tool for multidimensional assessment of COPD in
current practice. Its use is appropriate for risk stratification, monitoring the course of the disease, assessing the effectiveness
of non-pharmacological interventions, and supporting clinical decision-making. Further research should focus on integrating the
BODE index with new prognostic approaches to advance personalized management strategies in COPD.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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XpoHiuHe 0OCTPYKTMBHE 3axBoptoBaHHs nereHb (XO3/T)
3anuLLIAETLCA OAHIE0 3 NPOBIAHMX MPUYMH 3aXBOPIOBAHOCTI,
iHBanigu3aLlii Ta CMepTHOCTI Y CBITi, (POPMYHOUM 3HAYHE CO-
LianbHO-eKOHOMIYHE HAaBaHTAXKEHHS HA CUCTEMU OXOPOHM
300poB’s. HeaBaxaroun Ha nporpec y hapmakotepanii Ta
HedbapmakonorivHvX nigxonax Ao NikysanHs, nepebir XO3/1
XapaKTepu3yeTbCA 3HAYHOK KMIHIYHOK reTEPOreHHICTIO,
L0 YCKMaAHIOE OLHIOBAHHS TSHXKKOCTI 3aXBOPHOBaHHS Ta
MPOrHO3yBaHHS I0ro HACTIZKIB Y KOHKPETHOrO navjexTa [1].

Y KniHiuHil npakTyLi ouiHioBaHHS TshkkocTi XO3J1 rpyH-
TyBarocs nNepeBaxHO Ha NokasHUKax nereHeBoi (yHKLii,
30kpema 06'emi hopcoBaHOro BUAVXY 3a MepLLy CEeKyHOy
(FEV,). Xoua cripomeTpis 3anuwiaeTbea HeobxiaHow ansa
MiATBEPIKEHHS AjarHo3y Ta KnacudikaLlii 6GpoHxoobcTpyk-
Ui, y Cy4acHWX JOCTIIKEHHSX MiATBEPIKEHO 0OMExXEHy
MPOrHOCTUYHY LiiHHICTb FEV/, W00 BUXMBAHOCTI, pranky 3a-
rOCTPEHb, rocniTanisaLliit i BNnmBy 3aXBOPIOBaHHS Ha SKICTb
XUTTS NauieHTiB [2]. XBopi 3 TakumMu CripoOMETPUYHIMM
MOKa3HMKaMy MOXYTb CYTTEBO BIfPI3HATACA 32 KIiHIYHUM
nepebirom, BUPaXXeHICTO CUMMTOMIB i MPOTHO30M.

YnpopoBx ocTaHHiX pokis yseneHHs npo XO3J1 cyTTeso
€BOMHOLOHYBArIo B HAMPAMI PO3YMiHHS Or0 5iK CUCTEMHOIO
3aXBOPOBaHHS!, Nepebir SIKOro BU3HAYaETLCS HE NULLE CTY-
neHem GpOHX006CTPYKLi, ane ! BUPaXKEHICTIO CUMMTOMIB,
(pyHKLOHANBHUMY OBMEXEHHSIMI, HYTPUTHBHIM CTaTYCOM,
KOMOPOIAHICTIO Ta 3aranbHUM piBHEM Di3MYHOI NpaLe-
30aTHOCTI. Y LibOMY KOHTEKCTI Aefani 6inbLIoro 3HaueHHs
HabyBatoTb BaraToBUMIpHI NiAX0QK A0 OLiHIOBAHHS TSHXKKOCTI
Ta nporHo3y XO3J1, Lo AakoTb 3MOry iHTETpYBaTU NIETEHEBI
11 no3arereHeBi KOMMOHEHTU B €AUHY KNiHIYHY Mogenb [3].

OpHuM i3 HanbINbLL [OCHIMKEHNX | KNIHIYHO 3HAYY-
wmx 6aratoBuMipHWX iHCTpymeHTiB € BODE-iHaekc, skui
noegHye iHaekc macu Tina (Body mass index), cTyniHb
BponxoobeTpykuii 3a FEV, (Obstruction), BupaxeHicTb
3aauwiky 3a wkanoto mMRC (Dyspnea) Ta TonepaHTHICTb
[0 (Pi3NYHOTO HABAHTAKEHHS, BUSHAYEHY 3 BUKOPUCTAHHAM
TecTiB ¢hisnyHoi npavesnatHocTi (Exercise capacity). Ha
BiZMiHY Bif 0OQHOBUMIpHMX nokasHukiB, BODE-iHaekc aae
3mMory Ginbll KOMMIIEKCHO OXapaKkTepuayBaTh KniHIYHWIA
CTaH naLlieHTa Ta cTpatudikyBaTh puU3uK HECTIPUSTIIMBUX
nogin [2].

AkTtyanbHicte BODE-iHaekcy B cyyacHii KniHiyHii
NpakTULi nonsrae He NuLLe B MOr0 30aTHOCTi MPOrHo3yBa-
TN CMEpTHICTb, arne 1y TOMy, Lo BiH Jae 3MOry OLHWATK
(byHKLiOHaNbHWUIA CTaH, pU3NK 3arocTpeHb, notpeby B
iHTeHCudbiKaLi nikyBaHHS Ta JOUINbHICTb 3aCTOCYBaHHS
cnevyianizoBaHux BTpyYaHb, 30Kpema nynbMOHamnbHOI
peabinitauii abo HanpaBneHHs NauieHTiB 4O LEHTPIB
TpaHcnnaHTauil nerexb [4,5]. Y cydacHUx [OCHImMKEHHSX
nokasaHo Takox, Lo BODE-iHaekc 3bepirae NporHOCTUYHY
LiHHICTb NMOPIBHAHO 3 HOBUMW MOZENSMU PU3UK-CTPATUI-
Kauii Ta nepeBepLUye TPaAMLiAHI METOAWKW OLHIOBaHHS,
3okpema FEV, i knacudikaLlito GOLD, 3a nporHosysaHHAm
CMEpTHOCTI, 3aroCcTpeHsb i rocnitanisauin [6].

OTxe, y3aranbHEHHs Cy4acHUX AaHuX LLOAO KIiHIYHOI
poni BODE-iHaeKcy, oro AiarHOCTUYHMX i MPOTHOCTUYHUX
MOXIMMBOCTEN, @ TaKOX NOPIBHSHHS 3 iHWMUMKM HaraTo-
BUMIPHUMW MOAENSMW € aKTyalnbHUM 3aBAaHHAM [ns
nikapiB-npakTuKiB i gocnigHukiB. OcobnMBOro 3Ha4eHHs!
HabyBae aHanis Toro, y SKuX KMiHIYHUX CUTyaLlisx 3acTo-
cyBaHHsi BODE-iHgekcy € Haibinb obrpyHToBaHUM
BIOMOBIZAHO 10 Cy4acHWX pekoMeHAaLin i Joka3oBoi 6a3n.
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MeTa po6oTtu

Y3aranbHeHHs Ta KPUTUYHUIA aHani3 Cy4yacHWX Hayko-
BUX AaHux (3a 2020-2025 poku) LOAO AiarHOCTUYHUX i
MPOrHOCTMYHUX MoxrmBocTen BODE-iHAEKCY B KITiHIYHIN
NPaKTUL, @ TaKOX BU3HAYEHHS NOro Micus cepeq iHLWKUX
6araToByMipHUX Mozenel ouiHoBaHHs nepebiry XO3J1.

Martepianu i meToAM AOCAIAKEHHA

OrnsgoBy CTaTTHo NiATOTOBIEHO 3 BUKOPUCTAHHSAM METOLIB
CYCTEMAT30BAHOrO aHanidy 1 ysaranbHEHHS! HayKOBUX
ny6nikauii, npuceayeHux 3actocyBanHio BODE-iHaekcy B
Cy4acHiN KniHiyHin npakTuui y nauiexTis i3 XO3J1.

lMowyk HaykoBUX [Kepen 3AiNCHEHO B MiXHapoa-
HWUX HayKkomeTpuuHux i bibniorpadiyHnx 6asax gaHux
PubMed / MEDLINE, Scopus, Web of Science, a Takox
y MOBHOTEKCTOBMX PENo3uTapisix BigKpUTOro JOCTyny
(PubMed Central, ScienceDirect, MDPI). logaTkoBo
aHanisyBanu ogilinHi MXKHapOAHi KMiHiYHI HacTaHOBK
Ta KOHCEHCYCHi AOKYMEHTW NPOMECiHNX TOBApUCTB,
3okpema Global Initiative for Chronic Obstructive Lung
Disease (GOLD) Ta International Society for Heart and
Lung Transplantation (ISHLT).

[MoLuyk NpoBeaeHo 3a KIo4oBMMU CIOBaMM Ta KOMGi-
Haujisimn aHrnincskoo Mosoto: «BODE index», « COPD»,
«prognostic index», «mortality», «exacerbations»,
«pulmonary rehabilitation», «lung volume reduction
surgery», «lung transplantation», «multidimensional
assessmenty. [Ins yTOMHEHHS! pe3ynkTaTiB BUKOPUCTAHO
noriyni onepatopn AND Ta OR.

[o ornsgy BknKOYEHO HayKoBi Ny6nikawii, Lo BignoBi-
Zarnv TakuM KpUTepisim: opuriHanbHi KNiHiYHI SOCImKEHHS,
CUCTEMATUYHI OrNsAaun, METaaHaniav Ta HapaTUBHI OrNsaau;
pgocnipxeHHs, y skmx BODE-iHOeKc BUKOPUCTaHO SiK
iHCTPYMEHT KMiHIYHOMO OL|HIOBaHHS1, MPOrHO3yBaHHs abo
cTpatudikauii puavky y nauieHtis i3 XO3J1; ny6nikauii B
peLieH30BaHNX MiXHapOZHWX XypHanax.

3rigHO 3 KPUTEPISIMM BUKIHOYEHHS 0 aHaniay He BKHo-
yanu nyonikauii, Lo He MICTUNM OpuriHaNBbHUX AaHWX abo
KMiHiYHO 3HavyLoro aHanidy BODE-iHaekcy, Tean KoHpe-
PEeHLiiA, onm1cy OKpeMmX KIiHIYHUX BUNAZKIB | HepeLieH30BaHi
martepianu, a Takox AocnimkeHHsl, y sakux BODE-iHgekc
HaBefeHo 6e3 KinbkicHoro abo aHaniTMYHOro OLjHIOBaHHS
11010 iarHOCTUYHUX YW NPOTHOCTUYHWX BIACTUBOCTEN.

MepBrHHWIA BiABip MyOnikaLii 3ailicHeHO 3a pesynsTaTa-
MU aHani3y Ha3B Ta aHoTaLiin. Ha HacTynHoMy eTani BUKOHa-
HO NOBHOTEKCTOBWI aHani3 0BpaHux cTaTtel 3 OLHIOBaHHAM
IXHBOI METOLOMOMYHOT SIKOCTI, AN3alHy AOCTigKeHb, penpe-
3eHTaTUBHOCTI BUGIPOK i KMiHIYHOI 3HAYYLLIOCTi pe3ynkTarTiB.
OcobnvBy yBary Npuginsnu npausM, y skux SOChimKeHo
MPOrHOCTUYHY LiHHICTb BODE-iHAEKCY LWoA0 CMEepTHOCTI,
3arocTpeHb i rocnitanisavin, auHamiky BODE-iHaekcy B npo-
LIeci NikyBaHHs Ta NynbMOHanbHoI peabinitavji, 3giicHeHo
nopieHsiHHSA BODE-iHAeKCy 3 iHLummu GaraToByMipHAMM Npo-
rHocTnyHummn mogensmn (ADO, DOSE, BODEX), onncaHo
3actocyBaHHs BODE-iHaekcy B creLianizoBaHnX KIiHIYHUX
cueHapisix (LVRS, TpaHcnnaHTaLis nereHb).

OTpuMaHi faHi NpoaHani3oBaHo y Mexax sSKiCHOro
OMMCOBOTO MiAXOAY, Pe3ynsTaT CUCTEMATU30BAHO 3a
TeMaTnyHUMKM Briokamu. MopiBHANbHUI aHani3 3aiCHEHO
LUMAXOM 3iCTaBMEHHS Pe3ynbTaTiB PisHUX AOCMIOKEHb,
BPaXOBYOUM AU3alH, KNiHIYHI XapakTepucTUKA NaLieHTIB i
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Ornsaam

KiHLeBi Toukw. [ig Yac foCrimKeHHs 3aCTOCOBAHO HapaTuB-
HWUIA NigXig 0O CYHTE3Y AOKasiB, L0 AA€ 3MOTY iHTerpyBaTm
pesynbTaTi JOCHiAKeHb PI3HOro TUMy Ta npoaHaniaysaTu
€BOMIOLi0 ysiBneHb npo KniHiyHy ponb BODE-iHaekcy B
CYYaCHiI MeguLmHi.

Pe3yabtati

CyyacHni nigxif, [0 OLIHIOBaHHSI TSXKKOCTi Ta MPOrHO3y
XPOHIYHOTO OBCTPYKTUBHOO 3aXBOPIOBAHHS NEreHb rPyHTY-
€TbCS Ha NATBEPIKEHH] HaraToBVMMIPHOTO XapaKTepy Liboro
3axBoptoBaHHst. XO3J1 B13Ha4atoTh He uLLe ik NaTonorito
AVXanbHUX LUNSXIB, @ Ik CUCTEMHWIA CTaH, KNiHIYHUIA nepedir
i HacnigKy siKoro hopMYHOTLCS Mif BRIIMBOM B3aEMOAi ne-
reHeBwX, eKCTpanyrbMOHambHNX i NOBEAIHKOBIX YWHHUKIB.
Y UbOMY KOHTEKCTi OAHOBMMIPHI NOKa3HWKK, AK-0T FEV,,
HE MOXYTb MOBHOK MIpPOK CxapakTepuayBaTh KIiHi4HY
CKMaAHICTb 3aXBOPIOBAHHA Ta iHAMBIAyanbHi pU3vKN Ans
nauienTa [3,7].

BaratosumipHe gocnimxeHHs XO3J1 nepenbdavac iHTe-
rpaLiito KinbkoX KMKOYOBWX JOMEHIB, cepen HUX — QyHKLis
nereHb, BUPaXEHICTb CUMNTOMIB, (hi3nyHa npaLie3gaTHICTb,
HYTPUTUBHUIA CTaTyC i HAasiBHICTb KOMOPBIAHWX CTaHiB.
Cawme TaKa iHTerpaLlisi fjae 3aMory nepenTm Big dhopmarbHoi
KnacudikaLii TKKOCTi 4O KMiHIYHO 3HaYyLLOT cTpaTudika-
Lii pu3uky, Wo Mae BesnocepenHinn BB Ha yXBaneHHs
piLleHb LWoAo BeAeHHs nauieHTis [8].

BODE-iHOeKC € 0aHUM i3 HalbinbLL KOHLENTyanbHO
06rpyHTOBaHUX NpuKnagiB Takoro GaraToBUMIpHOrO nig-
xony. Mloro cTpykTypa FpyHTYETLCS Ha YOTUPLOX KOMMO-
HEHTaX, KOXEH i3 HUX PEnpe3eHTye OKPeMUIA, ane KniHiYHO
peneBaHTHUIA acnekT nepebiry XO3J1: HyTpUTUBHMIA CTaTyC
(inpekc macw Tina), cTynib 6poHxoobeTpykuii (FEV,),
CUMMTOMAaTUYHWIA Tarap (3apuiuka 3a wkanoo mMRC) i
(hisnyHa npauesnatHicTb (TonepaHTHICTb [0 ¢isnyHOro
HaBaHTaxeHHs1). [oeaHaHHS LIX KOMMOHEHTIB Aa€ 3MOry
OLHWTK He N1LLe TSXKICTb niereHeBoi AMCKYHKLII, ane
1 CUCTEMHI HacnigKn 3aXBOPKOBAHHSA Ta iXHi BMAWB Ha
MOBCAKAEHHEe XWUTTA nauiexTa [2].

IHoekc macu Tina B cTpykTypi BODE-iHAeKkcy — Mapkep
CUCTEMHMX KaTaboniyHMX NPOLIECIB | capkoneHii, siki YacTo
cynpoBomkytoTb nporpecyBaHHs XO3J1. Husbkuit iHoekc
Macy Tina acouitoeTbCst 3 NOMPLIEHHAM (PYHKLOHANBHOMO
CTaHy, 3HWKEHHAM pe3epBiB aaanTajii Ta HeCnpUATIVBAM
MPOTrHO30M HE3anexHo Bif CTyrneHs GPOHX00OCTPYKLi.
BKIIOYEHHS LbOro NokasHuKka MigTBepaKye BaXKIMBICTb
OLiHIOBaHHS HYTPUTUBHOTO CTaTyCy SK CKNapoBOi KOMM-
neKcHoro BeaeHHs nauieHTis i3 XO3/1 [5].

KomnoHeHT 6poHx006CTpyKLii, npescTaBnexuii no-
kasHukom FEV,, sGepirae yHnameHTarnbHe 3Ha4eHHs
B ouiHtoeaHHi XO3J1, ogHak y mexax BODE-iHaekcy BiH
iHTErpOBaHNI 3 IHLLMMW KIIHIYHAMM NapameTpamm, i Aoro He
aHanisytoTb i30/1b0BaHO. Takui Niaxia BiBnNoBiaae cyvacHnv
pekomeHaaviam [9].

BusHaueHHs 3aauiukm 3a wkanoto mMRC 3abesnevye
KiNbKICHY OLIiHKY Cy®'€KTMBHOIO CUMNTOMATUYHOIO TSraps
3aXBOPOBaHHS. BupaxeHicTb 3aguLukv TiCHO MoB’si3aHa
3 piBHEM (hi3VYHOI aKTMBHOCTI, COoLiarnbHOW aaanTauieo
Ta AKICTIO XUTTA nauieHTiB. Y GaraTbox AOCNIIKEHHSX
MoKasaHo, Lo came CUMMTOMATUYHUI JOMEH Mae BUCOKY
MPOTHOCTUYHY 3HaYyLLiCTb. Lie 0BrpyHTOBYE 1OT0 BKITHOYEH-
Hsi 4o GaraToBMMIpHMX Mopenei ouiHtoBaHHs XO3/1[10].
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®isnyHa npauesgaTHiCTb, SKy B yCTaneHin Bepcii
BODE-iHO€eKcy OUiHIO0Tb 3a AOMOMOTOK TECTIB HaBaH-
TaXEHHSI, XapaKTepuaye iHTErpanbHUiA pesynbTar dyHk-
LiOHYBaHHS AMXanbHOi, CepLEeBO-CyANHHOI Ta M’30BOi
cncTeEM. 3HUKEHHS TONEPaHTHOCTI 40 (hi3NYHOro HaBaH-
TaXEHHS € OOHUM i3 HaBINbLL PaHHIX i KIMIHIYHO 3HAYYLLIMX
nposiBiB nporpecyBanHs XO3J1, wo Mae Ge3nocepeaHin
3B’A130K i3 pM3WKOM rocniTanisai i cmeptHocTi. Came Lei
KOMNoHeHT Hagae BODE-iHaekcy 4oOaTKoBOI YyTNMBOCTI
MOPIBHSHO 3i CMPOLLEHUMI NPOTHOCTUYHUMI MOLENSIMM
[11].

Y cyvacHiit chaxosiii nitepatypi BODE-iHaekc aHaniay-
10Tb He §iK i30M1b0BaHWUI IHCTPYMEHT, @ SIK YaCTWUHY LLIMPLLOT
KoHUenuii 6araToBuMipHOi cTpaTtudikauii puanky. HoBiTHI
nigxoam fo nporHo3yBaHHs nepebiry XO3J1 nepenbavatots
MOEAHaHHS KMiHIYHWX IHAEKCIB i3 JaHuMu npo komopbia-
HICTb, 3arocTpeHHs, 6iomapkepy Ta LMGPOBI MOKA3HMKM
aKTUBHOCTI. Y LiboMy koHTekcTi BODE-iHaekc € Banigosa-
HWM i KIIHIYHO 3PO3YMINUM iIHCTPYMEHTOM, SIKUIA MOXe ByTu
iHTErpOBaHWI Y CyyacHi MoAeni OLiHIOBaHHS pu3uky [3].

Orxe, TeopeTuyHi 3acagn BODE-iHaeKcy NOBHICTHO y3-
TO[PKYHOTBCA 3 Cy4aCHOKO NapafmrMoro BeAEHHS MaLieHTiB i3
XO3/, o opieHTOBaHa Ha iHAMBIAyani3oBaHe OLiHI0BaHHS
TSKKOCTi, MPOrHo3y Ta noTpebw B nikyeaHHi. Lie ctBoptoe
niarpyHTS ANs NoganbLlIoro aHanisy Moro AiarHOCTUYHUX
i MPOrHOCTUYHMX MOXJTMBOCTEN BIAMOBIAHO 4O CyYaCHOI
KniHi4YHOI AoKa30Boi Basu.

Y KOHTEKCTi Cy4acHOi NynbMOHONOrT KOPEKTHiLLe
cTBepmKyBaTh, Wwo BODE-iHaeKe Mae KniHiko-OLiHI0Basb-
Hi Ta cTpaTudiKaLiiHi MOXNWUBOCTI, @ He AiarHOCTUYHI Y
BY3bKOMY CeHci (To6TO He BcTaHoBnoe giarHo3 XO3J).
Woro pornb Nonsrae B KinbKiICHOMY OLIHIOBaHHI TSHKKOCTI,
(pyHKLIOHaNLHOTo AediLmTy Ta 3aranbHOro pusnk-npodinto
nauieHTa 3 nigteepmxeHnm XO3J1, BpaxoBytoun nereHesi
Ta nosanereHesi 4omeHu [12].

Y cyvacHux ornsigax Ta MeTaaHaniax LWoao nporHoc-
TUYHUX MOZENEN nokasaHo, Lo GaraToBUMIpHI iHAEKCH,
ak-oT BODE Ta noro BapiaHTh, 4acTo MaloTb KpaLlly
KniHIYHYy KOPUCHICTb Ans cTpatudikauii pusuky i onmcy
(DYHKLOHArBHOTO CTaHY, HiX i3011b0BaHNI NokasHuk FEV,
OCKiNbKV NOEAHYIOTb CUMMNTOMATUYHUIA JOMEH i (idnyHy
npaueanatHictb [13]. KniHiyHa wiHHicTs BODE y noscsik-
[EHHIN NpaKTULi nonsrae y Tomy, Lo BiH Jae 3Mory onucary
nauieHTa He nuwe Yepe3 6poHX00BCTPyKLilD, a Yepes
iHTerpanbHU «yHKUIOHANbHUIA NOPTPET»: CUMMTOMM
(mMRC), nepeHOCMMICTb HaBaHTaXEHHS (TECTU (i3N4HOT
npaLesnaTHOCTI) Ta HYyTPUTUBHMIA cTaTyc. Taka 6araToBu-
MipHIiCTb nigTpumye ieto, wo XO3J1 mae pisHi heHoTmnmn
nepebiry, siki NoTpebytoTb Pi3HOTO PIBHS HarMsAy Ta pisHoi
iHTEHCWBHOCTI BTpyYaHb [14].

Baxnueo, WO B pearnbHii NpakTuLi y YacTWHW navi-
€HTIB 3 dhopManbHO NogibHOK cnipoMeTpieto pisko Bia-
Pi3HAOTLCA PiBEHb 3aAULLKA Ta (isuyHa BUTPUBANICTB, i
caMe Lie B13Ha4ae 0OMEXEHHS! aKTUBHOCTI, 3BEPHEHHS MO
Joromory Ta pusuk fekomneHcalin. Came Tomy y mexax
CyyacHuX nigxopais 4o cTpatudikaLii pusnky Aegani vyacTile
00roBOpIOIOTL KOMMNO3NTHI Mogeni Ta Lwkanu, ae BODE e
BanifoBaHNM «eTarnoHHUMy» npuknagom [15].

OpHa 3 HanbinbLL NPUKIagHUX TeM OCTaHHIX POKIB —
apjanTaujis KOMMoHeHTa (i3nyHoi npaesaatHocTi («E» y
BODE) no ymoB, fie 6-xBunuHHUIA TecT xogsbu (6MWD)
CKMagHo cTaHzapTuayeati abo BMKOHATU (MpocTip, nep-
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COHan, yac); Lie 0brpyHToBYyeE iHTEpeC [0 BanigoBaHWX 3a-
MiHHUKiB. Y gocnipkerHi E. B. Vieira et al. 3anponoHoBaHo
mogudikauito BODE, ne 6MWD 3amiHeHO 4-XBUMMHHUM
cren-TecToMm. [MoTeHLiHO Lie pobnTb OLiHIOBaHHS JOCTYM-
HiLmMM ans amBynaTopHoi naHku. ABTOpY NpoaHanisysanu
MPOrHOCTWYHY 3AaTHICTb Takoi MoaudikaLii Wwoao cMept-
Hocri [11].

Oxpemuii Hanpsm — BUKOpUCTaHHS sit-to-stand TecTiB sk
6inbLL «kabiHETHUX» NOKa3HMKIB PYHKLIIOHANBHOTO AOMEHY.
3okpema, R. Bernabeu-Mora et al. onucanu nigxia, ae
6MWT 3amiHeHo Ha five-repetition sit-to-stand test i3 dpoky-
COM Ha HagjHiCTb, y3romkeHicTb ouiHku (BODE vs BODS)
Ta MOXIMBICTb PYTUHHOIO MPAKTUYHOTO 3aCTOCYBaHHS [16].

Y HaWHOBILLIVX MPaLAX MOMITHE MOCUNEHHS HAaYKOBOTO
iHTepecy po Toro, yomy BODE npautoe fobpe: nodactu
TOMY, LLIO BiH HEMPSMO XapakTepnaye CUCTEMHI MPOLIECH, K-
OT 3HWKEHHS PE3EPBIB, CAPKOMEHit0, CUCTEMHE 3ananeHHs,
komop6iaHi ctaHu. MokasoBum € gocnimkeHHst K. Shah et
al., y skomy npoaHanisoBaHo acoujauii Mixx BODE-iHaekcom
i 3anancHumMu Mepiatopamm (CRP, IL-6, TNF-a). ABTopu
Hamaranucst noe’sa3atn KNiHiYHWMIA KOMMO3UTHUI iHOEKC i3
nabopaTopHUMM MapKepamu CUCTEMHOTO 3ananeHHs [14].

Taki DocnimxeHHs BaxuBi 4ns Ornsay 3 ABOX MPUYKH:
no-nepLLe, BOHM onucytoTh iHTepnpetaito BODE sk mapke-
pa «CUCTEMHOI TSKKOCTI», a No-Apyre, BU3HAYaloTb 3B'130K
MYNBTUAUMEHCINHUX IHOEKCIB i3 CUCTEMHUM 3ananeHHsMm
i TsokkicTio nepebiry XO3J1, wo Bignosigae cy4acHomy
nigxogy Ao GaratoBuMipHOi cTpatudikaLii puanky [17].

LLle ogHa BaxnmBa TEHAEHLIA — BUSIBNIEHHS HOBMX
NPeaunKTOopIB (30KpemMa Ha OCHOBI IHCTPYMEHTaNbHUX JaHWX,
umncbpoBmx abo nonynALiiHUX Moaenen), Lo NOPIBHIOITL
i3 BODE a6o sukopuctoytots BODE sik pedhepeHTHMIn
piBeHb. Y npaui R. Robles-Herndndez et al. 3giicHeHo
MOPIBHSIHHS HOBWX NpeaukTopiB cmepTHocTi 3 BODE i ioro
BapiaHTamu B KOHKPETHUX YMOBaX (30KpeMa NonynsLiiHnx,
reorpadiuHux). Lie € cBin4eHHsIM CyqacHoro nigxogy, y Me-
xax sikoro BODE He «CkacoBytoTb», a BKIO4atoTb Y pamKy
nopieHANbHOI Banigauii [15]. Okpemo BapTo BUAINUTY A0-
CTIIKEHHS!, B SIKUX aHani3yBasin 3B’A30K MOKA3HWKIB SIKOCTi
KUTTS Ta KNIHIYHUX XapaKTePUCTHK i3 pU3MKOM 3aroCcTpeHb
y nauieHTis i3 XO3J1. TxHi peaynbtati ninTBEPAXYIOTH
Cy4acHU ooKyC Ha BUKOPUCTaHHI MaLlieHT-OPiEHTOBAHUX
iHCTPyMeHTIB Ta apanTauji 6araToBUMIPHOrO OLiHIOBAHHS
[0 AOCTYNHUX AaHuX [18].

Y CyyacHWX CUCTEMATUYHUX OrMsiAax NPOrHOCTUYHUX
MoZenen nokasaHo: nonpu 3pocTaHHs KinbkocTi ML/
Al-vmogenel, iXHS y3aranbHIOBaHICTb | TpaHCNapPEeHTHICTb
iHKOMM NOCTYNaETbCS MPOCTUM i KNMIHIYHO iHTEPNPETOBAHUM
KOMMO3WUTHWUM iHAEKCaM, LLIO MaKTb AECATUNITTS anpobadlii
Ta 3anuMLlaTbCa KOpUCHUMK sk «Ba3oBa Likana» Ans
PU3MK-CTpaTUAiKaLlii Ta yXBaneHHs KIiHIYHWX piLleHb [6].

BODE-inaekc HanyacTille BM3HaYatoTb K 6a3oBuit
KIiHIYHWA «ETanoH» BaraToBUMIPHOTO OLLIHIOBAHHS pU3UKY, 3
KM MOPIBHIOKOTb HOBI NPOTHOCTUYHI Mogeni abo knacudi-
KaLliHi cuctemu. 3a faHUMKM CyqacHUX AOCTIMKEHb, HABITh
OHOBJIEHi CxeMy CTpaTudikaLii puanKy He NepeBuLLYIOTH 38
NPOTHOCTUYHOK TOYHICTIO cnewjanisoBaHi 6araToBUMIpHI
iHgekcy, i npu ubomy BODE 36epirae LiHHICTb Came BHac-
NiJOK BKMKOYEHHS JOMEHY (hyHKLIOHAmNbHOT CPOMOXHOCTI.

Ocobn1Bo NoKa3oBKM € Cy4acHe KOropTHe AOCTIMKEH-
Hs1 Prognostic Properties of the GOLD 2023 Classification
System, y Mexax sIKoro 34iicCHeHO NOPIBHSHHS HOBOI Kna-
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cudikauii GOLD 2023 i3 nonepegHimmn cxemamv GOLD Ta
iHgekcom BODE sk npeavkTopamu cmepTHocTi. [okasaHo,
LU0 3aranbHa nporHocTuyHa 3gatHicTs GOLD 2023 Husbka
(AUCs 0,557-0,576) Ta noctynaetbcst i cuctemi GOLD
1-4 (AUC 0,614),  iHoekcy BODE (AUC 0,715) [19]. Ha
nigcTaBi UMX AaHux Qinwnu BucHoBkKy, wo BODE mae
BULLYY AWUCKPUMIHALIAHY 30aTHICTb LLOAO MPOrHO3yBaHHS
CMepTHOCTI, a HOBI KnacudikaLliiHi nigxoay MatoTb obme-
KEHY MPOrHOCTUYHY CUMY Ta He 3aMiHIOK0Tb CreLianiaoBaHi
6araToBVMIpHi IHCTPYMEHTM OLHIOBaHHS PU3NKY.

[nTaHHs Wwoao y3aranbHOBAHOCTI € OOHUM i3 KMo4o-
BUX Y KNiHIYHIN NpakTWLi. BaxrnnMeo po3ymiTi, Hackinbkv
OHAKOBO MPOrHOCTWYHI iHAEKCK MPaLoTh Y PisHKUX
nonynauisx, reorpadiyHnx yMoBax i MOAENSAX MeanyHoi
ponomoru. Came B LbomMy koHTekcTi BODE yacTo 3acTo-
COBYIOTb 1K KOHTPOIbHWUIA IHCTPYMEHT NopiBHAHHS. [ig Yac
JocnigpkeHHst, wo 3aincHunm R. Robles-Hernandez et al.,
nopieHtoBann BODE Ta iHLLi npeanKTopu CMEPTHOCTI B naLli-
€HTIB, KOTPi MPOXVBAIOTb HA NOMIPHIl B COTI. BcTaHoBMEHo,
L0 TOYHICTb MPOrHO3y MOXe 3MiHIoBaTWCS Nif BMNMBOM
(hakTopiB fOBKINNSA Ta XapakTepucTvk nonynauii [15]. Ans
KIiHIYHOT NpaKTUKY Lie 03Havae, Lo BODE 3anuwiaetbes ko-
PVCHUM IHCTPYMEHTOM, OAHAK 110r0 NPOrHOCTUYHE 3HAYEHHST
Crif, iHTepNpeTyBaTi, BPaxoBYKUN KOHTEKCT (ETHIYHI Ta
perioHanbHi 0cOBNMBOCTI, BUCOTY NPOXUBAHHS, CTPYKTYPY
komop6igHOCTI, AOCTYMHICTL peabiniTavji TOLO).

Y cydyacHi npakTuLi 3arocTpeHHs Ta rocnitanisavii €
HE MEHLL KPUTUYHUMM KIHLIEBUMM TOUKaMM, HXX CMEPTHICTb,
OCKirNbK/ came BOHW B13Ha4atoTb BTPATy (PyHKLiOHaNbHOT
HE3aNeXHOCTi, EKOHOMIYHWUIA TArap i NPUCKOPEHHS NPO-
rpecyBanHs XO3J1. B ornsgoBux npausx nokasaHo, Lo
(hyHKLiOHaNbHI JOMEHN (MEPEHOCUMICTL HABAHTAKEHHS /
(hisnyHa akTMBHICTb) BiAIrpaloThb KIo4oBY porb B 0OrpyH-
TyBaHHi TOro, YoMy GaraToBVMIPHI IHAEKCH MOXYTb KpaLLe
BU3HAYaTV PU3NK HECTIPUATANBIX MO [2].

Lle nigTBepmkeHO pesynsratamm JOCHiAKEHb, e 3a-
nponoHoBaHo 6MWD 3amiHtoBaTy Ha GinbLL NpoCTi iHCTPY-
MEHTU ANt LUMPLLOTO BMPOBAMKEHHS «(PYHKLIOHANBHOrO»
KOMMOHeHTa ouiHioBaHHS. Tak, F. Medina-Mirapeix et al.
npoaHanisyBanu nNporHoCTUYHy 3aaTHicTb five-repetition
sit-to-stand test (5-STS) WoQo pusnky TSHKKKUX 3aro-
CTpeHb / rocniTaniaauiit, 0brpyHTyBaBLUM 0r0 NoTeHLjan
K [JOCTYMHOTO iHCTPYMEHTA AN BUOKPEMITEHHS! NaLjieHTiB
Bucokoro puanky [10]. KniHiyHe 3HaueHHs dyHKLioHamnbHOT
HECMPOMOXHOCTI Ta kpuxkocTi nauieHTis i3 XO3J1 gocnigunm
R. Bernabeu-Mora et al., y peaynsrarti niaTBepaXeHo Bax-
NUBICTb NPOCTUX IHCTPYMEHTIB OLiHIOBaHHS 4NS NPOrHO3Yy-
BaHHS MOBTOPHMX rociTanisaLiii i HeCNPUATAMBIX NOIA y
PYTUHHIN npakTuyi [20].

Y cyyacHil Haykosili nitepatypi Aepani vactiwe
OMUCYITb NigXoaM, CNpsMOBaHi Ha 36epexeHHs KOH-
uenuii 6aratoBumipHoro ouiHioBaHHsa nepebiry XO3J1 3
OHOYACHOK ajanTaLlieto ii 40 peanbHUX YMOB KMiHIYHOT
NPaKTUKM Ta Pi3HOrO PiBHS pecypcHoro 3abeaneyeHHs
3aKknagiB OXOpoHK 300poB’s. OOHUM i3 Takux HanpsMis
€ mMogudikauis KOMMNOHeHTa (Di3NYHOrO HaBaHTaXEHHS Y
cTpykTypi BODE-iHaekcy. Tak, y gocnimxerHi E. B. Vieira
et al. nokasaHo, LU0 BapiaHT iHaekcy i3 3amiHoto 6MWD Ha
YOTUPVXBUIMHHWIA CTEN-TECT 30epirae He3anekHy NporHoC-
TWYHY LiHHICTb Woao cmepTHocTi. Lii gani nigTeepmxkyoTs
MOoXIvBiCTb apanTauii BODE-iHaekcy Ans LWMPLLIOTo 3aCTo-
CyBaHHs B yMoBax 0bMesxkeHoi iHppacTpykTypu [11]. IHLMM
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Ornsaam

npuKnagoM € 3amiHa AOMeHy (isuyHOi npavesfaTHocTi
MOKa3HMKaMK MOBCSKAEHHOI aKTUBHOCTI, L0 BCTAHOBMEHi
3a [JOMOMOrOl0 CTaHAAPTU30BaHWX ONUTYBaNbHUKIB. Tak,
y po6oti A. Ouattas et al. 3anponoHoBaHo MoaudikaLio
BODE-iHzeKcy, B SiKilh KOMMOHEHT (i3N4HOrO HABAHTAXKEHHS
3aMiHeHo Ha JoMeH akTuBHocTi 3i St. George’s Respiratory
Questionnaire 3 HacTynHOK BasifaLietd MPOrHOCTUYHOI
3aatHocTi Takoro mBODE [21]. Lle € cBigYeHHAM cyqacHol
TeHAeHLii nepexogy Bif TECTIB, WO NOTPebyoTh Crewians-
HWUX YMOB BMKOHAHHS, [10 iHCTPYMEHTIB, MPOCTIMX Ans
iHTerpauii B ambynatopHuii MapLupyT nauieHTa [21,22].

Oxpemoto rpynoto mogudikoaHux inaekcis € BODEX,
SKUIA 4acTo BU3HAYAKTb SIK 3PYYHILLNIA AN PYyTUHHOMO
3aCTOCYBaHHS, ane 1oro Knt4oBa kniHiyHa nepeeara
nonsrae y NOCUNEeHOMYy aKUEHTi Ha icTopii 3arocTpeHb i
XapaKTepucTikax KniHiyHoro nepebiry 3axBoptoBaHHs. Y
gocnimkeHHi R. Golpe et al. onucaHo meToauky po3pobku
1 Banigauii BODEXx sik mogudikauii BODE-iHaekcy, Lo
MoKe OyTy 3aCTOCOBaHa B yMOBaX, [1e MPOBEAEHHS TECTIB
(i3nyHOro HaBaHTaxeHHst obmesxeHe [12].

Y KniHiYHiA npaktuui ouiHoBaHHsA nepebiry XO3J1
I'PYHTYETbCA Ha GaraToBMMiIpHOMY MiAXo4i, L0 BpaxoBye
MoeAHaHHS KNiHIYHUX CUMMNTOMIB, (hyHKLiOHarbHWX NokKas-
HWKIB i (pi3nyHOI BUTPMBANOCTI nauieHTa. BukopucTaHHs
iHTerpanbHMX NPOrHOCTUYHKX iHAekciB, sk-oT BODE, €
OOHUM i3 MPVKNaZiB TaKoro MiAxoady, CNPUSIE MiABULLEHHIO
TOYHOCTi OLHIOBAHHS PU3MKY MOPIBHSHO 3 i30MbOBaHUMU
NoKasHM1Kamu PYHKLT 30BHILLHBOIO AWXaHHS. Takui nigxig
MiSTBEPMKEHNIN CY4aCHOK KOHLIENLiieto, y Mexax sikoi XO3J1
BW3HAYaKTb 5K CYCTEMHE 3aXBOPIOBAHHSI, | KOMMINEKCHE OLji-
HIOBAHHS CTaHy navieHTa hopmye GinbLu NOBHE YSBNEHHS
npo nepebir xBopoby Ta NporHos [23].

LLle ogHMM HaNPSIMOM CyYaCHWX AOCAiMKeHb € nigsu-
LLIEHHS! MPOrHOCTUYHOI TOYHOCTI iIHAEKCIB Yepes ofaBaHHs
KOMOPGIAHMX | CUCTEMHMX YMHHUKIB. MOKa3aHo, LU0 CynyTHI
3aXBOPIOBAHHS ICTOTHO BMMBAIOTb Ha KMiHIYHWA nepeoir i
nporHo3 XO3J1, ii LouinbHO BpaxoByBaTu B iHCTPYMEHTaxX
cTpatudikalii pusnky. Tak, BUKOPUCTAHHS iHAEKCIB KO-
MOp6IAHOCTI CNpUsiE NOKPALLEHHIO OLiHKW TSHKKOCTi CTaHy
Ta NporHo3y, 0ocobMBO B NaLieHTIB i3 3arocTpeHHsMu. Lie
niaTBEpmKyE KoHUenLito, wo BODE moxe ByTu JonoBHe-
HWUI HOBMMW KOMMOHEHTaMW, OAHAaK YCi HOBi MoamdikaLii
notpebyoTb 30BHILLIHLOT BaniaaLii Ta YiTKOro BU3HAYEHHS
nonynsLii 3actocyBaHHs [7].

Y pekomeHZaLisX MigkpecneHo HeobXiaHICTb Komn-
TIEKCHOTO OLliHIoBaHHs! mauieHTa i3 XO3J1, ockinbku qyHk-
LlioHanbHi 06MEXEHHSs, CUMMTOMU A aHaMHe3 3aroCcTpeHb
maloTb GesnocepenHiit BNNMB Ha TakTUKY MiKyBaHHS Ta
MOHITOPWHT [9]. IHWIi AOCNIQHWKM BCTAHOBMAK, WO nep-
CMEeKTUBHMM HanpsiMoM nporHo3dyeaHHs XO3/T € iHTerpadis
6araToBUMIpHUX KMiHIYHWX iHOEKCIB 3 HOBUMM IHCTPYMeEHTa-
mu (Giomapkepu, uncposi aaHi, Al-mogeni). Pasom i3 Tm,
npocTi BanigoBaHi Lkanw, sk-oT BODE Ta ioro BapiaHTy,
3anULIATLCA BaXIMBUMK SK OCHOBA NS KIiHIYHOrO
pileHHs [24].

Ha nigcTasi cyyacHWx JOKa30BUX AaHWX OIS BUC-
HOBKY, Lo BODE-iHaekc 36epirae BUCOKY MPOTrHOCTUYHY
LiHHICTb LLOAO CMEPTHOCTI Ta HECMPUATIIMBUX KMiHIYHUX
nogin, a aktyansHi Mogmdikauii (BODEx, mBODE, 3amiHa
TECTIB HaBaHTaXeHHs) CBiAYaTb He Npo «BiAMOBY» Bif,
iHOeKCy, a nparHeHHs 3pobnTh GaraToBUMIpHE OLiHIOBaHHS
[OCTYMHILLMM | KOHTEKCTHO afanToBaHum [22,25].
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B ocTaHHi poku BekTOp HaykoBOi Auckyci wopno ba-
raToBuMIpHUMX iHaekciB npyu XO3J1 3MicTMBCA Bif MUTaHHS
BanigHocti BODE-iHaeKcy sik Takoro o BU3HaYeHHs Noro
ONTUManbHOTO MiCLSt Cepeq iHLLIMX MPOTHOCTUYHUX MOAe-
nen i AOUINBHOCTI BUKOPUCTAHHS 3aeKHO Bif, KNiHIYHOrO
3aBaaHHsl. Lie 06rpyHTOBaHO i NpakTUYHUMM OBMEXEHHAMI
3aCTOCYBaHHS OKPEMMX KOMMOHEHTIB iHAEKCY (30Kpema
TeCTiB (Di34HOrO HaBaHTAXEHHS), 1 PO3LUMPEHHAM Cek-
Tpa KIiHIYHWX KIHLEBMX TOYOK, L0 CTAHOBNATb KMiHIYHWN
iHTEpec Ansa nikaps, BKMKOYHO 3 PU3UKOM 3aroCTpeHb,
rocnitaniaaviii, BAKOPUCTaHHAM PeCypCiB CUCTEMU OXOPOHU
370pPOB’S Ta MAPLLPYTH3aLIIEN NaLiEHTIB y cneLlianioBaHi
nporpamu nikyBaHHs [26].

BODE-iHA€eKC BUPI3HAETLCA cepen, 6araToBUMIpHNX
MPOrHOCTUYHUX MOAENen 3aBAsKM iHTerpauii dyHKLio-
HarnbHOro JOMEHY, Lo 3abe3neyye Moro YyTnmBICTb 40
cuctemHmx nposisie XO3J1. Ha BigmiHy Big nigxoais, siki
6a3yloTbCsl NEPEBAXHO Ha CripoMeTpUYHUX abo femorpa-
(hiyHMX NOKa3HMKaXx, OLHIOBaHHS (i3NYHOI NpaLe3aaTHOCTi
[iae 3MOry TOYHiLLIe CxapakTepu3yBaTi peanbHUN KIiHIYHUIA
CTaH nauieHTa Ta 11oro yHKLioHanbHi obmexeHHs [27]. Y
LboMy KoHTekcTi BODE yacTo B13Ha4atoTh Sk pedepeHT-
HWI IHCTPYMEHT, 3 SIKUM MOPIBHIOKOTb HOBi 260 MoAUdDiKOBaHI
MPOrHOCTWYHI MoAeni [28].

IHoekc ADO, Lo BKMOYae BiK, 3aAuLLKy Ta CTyniHb
6pOHX006CTPYKLIi, MaE BUCOKY MPakTUYHY MPUAATHICTb
3aBASKM NPOCTOTi 3aCTOCYBaHHSA Ta AOCTYMHOCTI 110T0
KOMMOHEHTIB Y BirnbLUIOCTI KNiHIYHWX CUTyaLlii. Y pesynbrari
Cy4acHWX OCiAKEHb BCTAHOBMEHO MOTO MPOrHOCTUYHY
3AaTHicTb, 3ictaBHy 3 BODE wwogo cMeptHoCTi. Pa3om i3
TM, ADO nocTynaeTbes LOAO OLiHKBAHHS (hyHKLiOHab-
HOro JediuunTy Ta YyTNMBOCTI 4O 3MiH MiCns TepanesTuy-
HWX BTPyYaHb, 30Kpema myrnbMoHarbHoi peabinitauii. Lie
obmexye Moro BUKOPUCTaHHS Y CLEHapisx, Ae BaXMBO
BU3HAYMTV JUHAMIKy (yHKLIOHAINBHOrO CTaHy, a He nuie
CTaTU4HMI NporHoa [29].

DOSE-iHaekc Ginbl opieHTOBaHMI Ha MOBEAIHKOBI
YMHHWKW 1 @aHAMHE3 3aroCTpeHb, i Lie pobuTb NOro kKopuc-
HUM IHCTPYMEHTOM [N BUSHAYEHHS! pU3NKy MOBTOPHIX
3arocTpeHb i rocnitanisadii. BTiM, BiH He nepenbavae
MPSIMOTO OLHIOBaHHS (Di3MYHOI Mpaue3aaTHoCTI, i Le
3MeHLLYe iHhOPMATUBHICTb LibOr0 iHAEKCY LLOAO CUCTEMHOT
TspkkocTi XO3J1 1a 06mMexye MOKIMBOCTI BUKOPUCTaHHS Ans
MOHITOPVHIY eCpeKTUBHOCTI BTPyYaHb, CNPSMOBaHIX Ha Mo-
KpalLLEHHS TONEepaHTHOCTI [0 Pi3UYHOT0 HaBaHTaXeHHS [2].

3 ornagy Ha npakTUYHi TPYAHOLLi 3aCTOCYBaHHS
knacuyHoro BODE-iHEeKCY 3anponoHOBaHO HU3KY 10ro
moaudikauin. Hanbinbw gocnimkeHoto € BODEX, e kom-
MOHEHT (Pi3nYHOI NpaLe3aaTHOCTI 3aMiHEHO NOKa3HUKaMK
3aroCTpeHb. 3rigHo 3 pesynbstatamu BanigauinHux gocni-
mkeHb, BODEX 36epirae BUCOKY MPOrHOCTUYHY LiHHICTb
LLIO4O CMEpTHOCTI Ta rocnitanisauin, € npocTilwuM Ans
3aCTOCYyBaHHs B yMoBax obmexeHnx pecypcis [12]. Pasom
i3 TMM, Taka 3amiHa 3MeHLLYe 30aTHICTb IHAEKCy XapakTe-
pu3yBaTi PyHKLOHANbHI 0OMEXeHHs, a Lie Ma€ 3Ha4eHHs
Ans peabinitauiitHux Nnporpam i TpUBanoro MOHITOPUHIY.

AKTYarnbHIM 3anu1LLIaeThCs MOLLYK ankTepHaTUBHUX Me-
TOAIB OLiHIOBaHHA (hi3nyHOI MpaLe3naTHOCTI K CKMagoBoi
6araToBUMIpHMX iHOEKCIB. 3anpONOHOBAHO BUKOPUCTAHHS
YOTUPUXBUIIMHHOTO CTEN-TECTY, N'ATMPA30BOro TECTY
«BCTaTW — CicTU» abo AOMEHIB aKTMBHOCTI 3 BanifoBaHMX
ONUTYBanbHUKIB SK NOTEHLiINHUX 3aMiHHuKIB 6MWD.
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Okpemo BMBYaKTb NPOrHOCTUYHE 3HAYEHHS Nepeavac-
Horo npunuHeHHs BMWD sk mpocToro Mapkepa puauky
nopiBHsHO 3 iHaekcom BODE. Taki nigxoau fatoTb 3Mory
30eperTv KOHLENLi YHKLIOHANBHOTO JOMEHY, BOOHOYAC
MiZBULLYIOYM JOCTYMHICTb OLiHIOBaHHS B ambynaTopHin
npakTui [5,30]. Y cuctematnyHux ornsgax nokasaxo, Lo
TaKi MoaudikaLlii MoXyTb ByT1 JOLINBHAMM 32 YMOBM YITKOT
Banigavii Ta BU3HaYeHHs 0OMeXeHb KOXHOrO 3 TECTIB.

OKpemMum HanmpsiMOM Cy4acHUX BOCTIAKeHb € pos3-
LUIMPEHHS BaraToBUMIPHWX IHAEKCIB LUMSXOM BKITOYEHHS
CUCTEMHUX YMHHUKIB | komopBigHocTi. MokasaHo, Wwo Taki
CTaHu, SK aHeMis abo CepLeBO-CyANHHI 3aXBOPIOBAHHS,
MOXYTb iCTOTHO MOAMCDIKyBaTU PU3NK HECTIPUSTIIMBUX Ha-
cnigkie y nauienTis i3 XO3J1, ocobnneo B pasi rocnitanisalii.
[onasaHHs BigNOBIgHMX KOMMOHEHTIB A0 iHAEKCIB TUMy
BODE a6o BODEX nOTEHLiiHO MigBuLLYE MPOrHOCTUYHY
TOYHICTb Y MEBHMX KNiHIYHMX NONYNALiSX, OAHaK NoTpebye
0bepexHol iHTepnpeTaLii Ta 30BHiLUHLOT Baniaauii [21].

OTxe, 3rigHO 3 pe3ynsTratamu MOpIBHANBHOTO aHanisy
CyyacHWx GaraToBMMIPHWUX MOLENEW, XOAEH IHOEKC He €
YHiBEpCanbH1M Ans BCiX KNiHiYHMX cuTyauin. BODE-iHaekc
3bepirae NpoBigHi NO3NLi SK IHCTPYMEHT KOMMMEKCHOMO
OL|iHIOBaHHS! CUCTEMHOI TSXKKOCTi Ta PyHKLOHANbHOro
ZediumTy, a cnipoLueHi abo MogudikoBaHi iHAEKCH MOXYTb
6yTn 6inblW npuaaTHUMK ANS WBUAKOT cTpaTtudikauii
PU3NKY, BUKOPUCTAHHS B yMOBaX 0BMEXeHNX pecypeis.
Bubip KOHKPETHOrO iHAEKCY Mae BU3HAYaTUCA KIiHIYHOK
METOK OLiHKM, JOCTYMHICTIO HEOOXiOHUX KOMMOHEHTIB i
xapakTepucTukamm nonynsuii nauiexTis. Lie yaromkyeTbest
3 Cy4acHOH0 KOHLIELier NepcoHanisoBaHoi GaratoBuMipHOT
puavik-cTpatudikadii npu XO3/1.

Y cyyacHin kniHiyHin npaktuui BODE-iHoekc Bu3Hava-
10Tb HE NULLIE SIK NPOTHOCTUYHUIA IHCTPYMEHT, ane i sk 3aci6
NIATPUMKIA KNIHIYHOTO YXBaneHHs pilleHb Yy Pi3HUX CLeHa-
pisix BeaeHHs navienTis i3 XO3J1. Voro npakTuuHa LiHHICTb
nonsrae B MOXNWBOCTI iHTErPanbHOro OLiHIOBaHHS (PYHK-
LlioHarnbHOro CTaHy, CUCTEMHOI TSHKKOCTI 3aXBOPIOBAHHS Ta
PU3VKy HECMPUSTIIMBIX NOAIN, WO CpUsie iHavBIgyanisaLii
nigxogy [0 NiKyBaHHS N MOHITOPWHTY.

OpnHuM i3 HalbinbLL 0BrpyHTOBaHMX HaNpsIMiB 3acTo-
cyBaHHs BODE-iHaekcy € nynbMoHanbHa peabinitavis. Y
YKCNEHHWX AOCTIIKEHHSIX NiATBEPIXKEHO, LU0 CaMe yHK-
uioHanbHWiA gomeH BODE pobuTb Leit iHAEKC YyTnMBUM
[0 3MiH, CMIPUYMHEHUX peabiniTauiiHuMy BTpyYaHHSMM.
3meHLweHHst cymapHoro 6ana BODE nicnst npoxomKeHHs
nporpam nynbMOHanbHOI peabiniTauii acouioBaHe 3
MOKPALLEHHSM NEPEHOCHOCTI (Di3UYHOTO HABAHTAKEHHS,
3HWKEHHAM BMPAXEHOCTI 3aMLWKN Ta NOKpaLLeHHAM
AKOCTI XUTTS nauieHTiB. Ha BigMiHy Bif i30nb0BaHKX cni-
POMETPUYHUX NOKa3HWkiB, AnHamika BODE-iHoekcy nae
3MOTY KiflbKiCHO OLHWATM KRNiHIYHUIA edpekT peabinitauii
Ta NMPOrHo3yBaTW BigfaneHi peaynstaTu NikyBaHHs, Lo
MiATBEPAXEHO AAHUMU CYYaCHWX OMMAAB i KOTOPTHUX
ocnigpxeHb [28].

MpakTuyHe 3HayeHHs BODE-ingekcy ocobnuso
3pocTae B yMOBax HeoOXigHOCTI cTpaTudikauii pusnky
Ta BU3HAYEHHS IHTEHCVBHOCTI CMOCTEPEXEHHS. [auieHTu
3 BUCOKMMYM 3HaYeHHsMM BODE notpebytotb yacTiluoro
KIIHIYHOTO KOHTPOITI0, PaHHLOTO BUSIBMEHHS 3aroCTPeHb i
aKTVBHOTO MEHEeKMEHTY KOMOPOIAHMX CTaHIB. Y YMHHUX
peKoMeHaLsX HaronoLLeHo, LU0 Taka cTpaTtudikais Jae
3MOry ONTHUMI3yBaTV BUKOPUCTAHHSI PECYPCIB CUCTEMM OXO-
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POHM 300POB’S Ta CNPSIMYBATU IHTEPBEHLIiT Ha NaLiEHTIB i3
HaNGINbLUMM PU3NKOM HECTIPUATIMBIX Nogii [3].

Okpemum KniHiYHUM cueHapieM, y skomy BODE-iHaekc
Mae NiATBEpMKEHY NPaKTUYHY LiHHICTb, € cTpaTudikaLis
nauieHTiB i3 Tshkkum nepebirom XO3JT nicnsa 3arocTpeHHs
Ta rocnitanisauii. Y ubomy koHTekcti BODE-iHgekc Buko-
PUCTOBYHOTb SIK AOMOMIXKHUIA IHCTPYMEHT AN OLiHIOBaHHS
(pyHKLIOHaNbHWX pe3epBiB i NPOrHO3y NOBTOPHUX rocniTa-
ni3awiii Ta HECNPUATAMBUX KNiHIYHUX HacniakiB. MauieHTn
3 HKYMMK 3HAYEHHSIMYW iHOEKCY MalOTb CIPUSITIIUBILLINIA
MPOrHo3, a BUCOKi 6anu acoLinoBaHi 3 BULLMM PU3UKOM
noganbLUoi AekoMneHcaui. 3rigHo 3 cydacHUMK SaHUMK,
BODE-iHaekc He 3amiHIOE crieLlianiaoBaHi KpuTepii OLiHto-
BaHHs, ane CyTTEBO AOMOBHIOE iX, 3abeaneyytoun GinbLu
LinicHy xapakTepucTuKy KniHiYHoro ctaHy nadiexta [20].

Ocobnuey ponb BODE-iHaekc Bigirpae y npoueci
MapLpyTU3aulii nauieHTiB A0 TPaHCMNAHTAUiIMHMX LeH-
TpiB. 3rigHO 3 pesynbraTamu JOCMIAXKEHb BUXUBAHOCTI
KaHAWOATIB Ha TPAHCMNAHTALi0 NereHb, 3aCTOCYBaHHS
BODE-iHaekcy fae 3mory OLiHioBaTV NPOrHO3 Y NauieHTiB
i3 XOSJ1, ogHak 110ro BUKOPUCTaHHA Y Ll nonynsLii Moxe
MpM3BOANUTH A0 NEBHOTO NEPEOLIHIOBAHHS PU3VKY CMEPTHO-
CTi Yepe3 BiaGip XBOPMX i3 MEHLLIOK YaCTOTO KOMOPGiAHOT
natonorii. Lie nigTBepmKye 3HaYeHHs GaraToBUMIpHOTO
OLiHIOBAHHS Ta CBOEYACHOTO HampaBNEeHHs MaLieHTiB Ha
KOHCyrbTaLito LLOAO TpaHCnnaHTawii nerexb [4,31]. Bucoki
3HayeHHst BODE acouitotoTbesa 3 MiaBULLEHUM PU3NKOM
CMepTHOCTI Y CepeaHbOCTPOKOBIN NepenekTusi, i Le 06-
I'PYHTOBYE HEODXIAHICTb PAHHBOTO PO3INSAY NUTAHHS LWOAO
TpaHcnnaHTaLii y BignoBigHUX KNiHiYHUX BUNagkax. Pasom
i3 TYIM, aBTOPY HArOMOLLYHOTb, LLIO PILLIEHHS PO BKITYEHHS
[0 NUCTa OYiKyBaHHS MaE IPYHTYBATUCS Ha KOMMMEKCHIN
OLiHUi, e BpaxoBaHO KOMOpPOIAHICTb, BiK, CoLianbHi YnH-
HUKM Ta NOTEHLHY BIANOBIAb Ha Tepanito [4].

AHanizyBanu Takox 3actocyBaHHs BODE-iHgekcy B
KOHTEKCTi MPOrHO3yBaHHs! BUKOPUCTaHHS MEOUYHIX PECYP-
CiB | NNaHyBaHHA naniaTueHoi gonomory. lNokasaHo, Lo
BWCOKi 3HAYEHHS iHOEKCY KOPEntoloTb i3 YacTiummu rocni-
Tanisauismu, TpyuBanilwmm nepedyBaHHAM Y CTaljioHapi Ta
6inbLUMM HaBaHTAXXEHHSIM Ha CUCTEMY OXOPOHU 3[0POB’Sl.
Lle obrpyHTOBYE AoUinbHICTL BU3HaYeHHs BODE-iHaekcy
He NnuLe nig Yac yxBaneHHs KMiHiYHUX pilleHb, ane 1
ANs CTpaTeriyHoro nnaHyBaHHs AOMsAy 3a nauieHTamu 3
TsokKkM nepebirom XO3J, BKIIOYHO 3 paHHIM 3anyyeHHsM
MYMbTUANCLUMNNIHAPHUX KOMaHA, [29].

Okpemoi yBaru notpebye BukopuctahHs BODE-iHaekcy
B NMO€EOHaHHI 3 OLiHoBaHHSIM koMopbigHOCTi. 3rigHo 3 pe-
3ynbTatamu AOCTIIKEHb, Taki CUCTEMHI YNHHUKW, SIK aHeMis,
CepLEeBO-CyaMHHI 3axBOPtoBaHHSA abo M'si3oBa cnabkicTb,
MOXYTb MOANIKYBaTV NPOrHOCTUYHE 3HAYEHHS! IHAEKCY Ta
BMNMBATM Ha KITiHIYHI pilleHHst. Y uboMy koHTekcTi BODE
BM3Ha4atoTh sik 6a30BMIA MOKa3HUK, LLIO Moxe ByTy AOMOBHe-
HWVA IHLUIMMU JaHUMVU AN1S TOYHILLOT NepcoHaniaaLii BeaeHHs
nauieHTiB y CKnagHuX KiHiYHUX cutyauisx [5].

Omxe, y cyyacHin kniHivHii npaktuui BODE-iHgekc
BUKOPUCTOBYHOTb K BaraToghyHKLiOHANbHUIA IHCTPYMEHT,
L0 BMXOAUTb 32 MeXi NPOrHO3yBaHHsI cMepTHocTi. 3a-
CTOCYBaHHS LIbOTO iHAEKCy B peabinitauii, XipypriyHuX i
TpaHCMNaHTaLUiiH1X nporpamax, crpatudikavii pusuky Ta
nnaHyBaHHi TPUBANOro JOMsAy MiATBEPMKYE Or0 aKTy-
anbHICTb Y cucTemi BaraToBuMipHOro ouiHioBaHHS XO3J1.
Pa3om i3 Tum, edpekTrBHICTb BukoprcTaHHs BODE-iHaekcy
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3anexuTb Bif KOPEKTHOI iHTepnpeTaLii pesynsrarti, ypaxy-
BaHHS KNiHIYHOTO KOHTEKCTY Ta iHTerpauii 3 iHWUMK iHCTpY-
MEHTaMM OLiHIOBaHHS, LLO BiANOBIAAE Cy4acHin napagurmi
NepcoHani3oBaHoi MeauLYHH.

HesBaxatoun Ha LMpoKy AokaloBy a3y Ta migTeep-
[PKEHy KMiHiYHy LiHHiCTb, 3actocyBaHHs BODE-iHaekcy B
CyyYacHiin npakTULi Mae HU3Ky obmexeHb, siki HeobXigHO
BPaxoByBaTW Nif Yac iHTepnpeTaLii pesynsTaTiB Ta yxBa-
MEHHs KNiHIYHMX pileHb. Po3ymMiHHS Ta BpaxyBaHHS LnX
obMexeHb € KIo4oBUM Anst 3anobiraHHs HagMipHOMY
CMPOLLEHHIO OLjiHIOBaHHSA nepebiry XpoHiYHOro obeTpyk-
TMBHOTO 3aXBOPOBAHHS NEreHb i Ans KOPEKTHOI iHTerpaLii
iHOeKcy B iHAMBipYyani3oBaHi cTparterii BeeHHs nawieHTiB.

OpHum i3 npuHumMnoBux obmexeHb BODE-iHaekcy
€ 3anexHICTb OKPEMMX MOro KOMMOHEHTIB Bif, (hakTopiB,
L0 He MoB'sA3aHi 6e3nocepenHbo 3 TSKKICTIO NereHeBoi
natonorii. Tak, chisuyHa NpaLe3aaTHICTb, Sika € KIMYoBUM
€NeMEHTOM iHAEKCY, MOXe CyTTEBO 3HWKYBATWCS BHAC-
nigok KOMOpBiAHUX CTaHiB, 30Kpema CepLeBO-CyANHHNX
3axBOPIOBaHb, MaTonorii ONopHO-PyXOBOTO anapary, He-
BPOMOriYHNX po3nagis abo 3aranbHoi AeKoHAWLIT, WO He
3aBXOM XapakTepusye CTyniHb nereHeBoi AncdyHKLii. Y
Takvx Bunaakax Bucokuin BODE-iHaeKe Moxe BU3Ha4aTucst
CyMapHVM BMIIMBOM CyMyTHBOI NATONOrii, a He i301b0BaHNM
nepebirom XO3/1, ycknagHtowoum iHTeprpeTaLito pesynsra-
TiB Y KMiHIYHOMY KOHTEKCTI.

Cy6’eKTUBHUIA XapaKTep OLiHIOBAHHS 3afMLLKKM 3a
wkanoto MMRC Takox CTaHOBWTb MOTEHLiHe mxepeno
BapiabenbHOCTI. BUpaXKeHICTb 3aAMLLKM 3aNeXNTb He nuLue
Bi (hisionoriyHyx napameTpiB, ane i Bif NCUXOMOriYHKX,
coujianbHX i KynbsTYpHUX YMHHWKIB. Lie moxe nprssognTy
[0 po3biKHOCTEN MiX Cy6’eKTUBHUMW CUMNTOMaMu Ta
06’eKTUBHUMYW NOKa3HUKamu yHKLii nereHb, 0cobnmso
B MONYMALAX i3 Pi3HAMM PiBHAMY (Qi3NYHOI aKTUBHOCTI Ta
couiansHoi NigTPUMKK.

OpraHizaLiliHi Ta pecypcHi 0OMEXEHHSI TaKOX BN~
BalTb Ha BrnpoBamxeHHs BODE-iHaekcy B pyTUHHY
npakTuky. MpoBedeHHs CTaHAApTHOrO TECTy (i3nyHOro
HaBaHTaXeHHs1 NoTpebye BiANOBIAHOI iHGpACTPYKTYpH,
MiAroTOBMEHOTO NEPCOHay Ta Yacy, Lo Moxe 6yTu cknagHo
peanisyBaTi B yMOBax NepBUHHOI NaHku abo nepeBaHTa-
XeHnx ambynaTtopHmx cryx6. Came Ui npakTU4Hi TpyAHOLL
aKTyanisysani po3pobky MoaundikoBaH1X BapiaHTiB iHAeKCy
11 anbTEPHATMBHUX TECTIB hidn4HOI NpaLesaaTHocTi. Brim,
Taki MogudikaLii MOXyTb acoLiloBaTUCS 3i 3HKEHHAM
3iCTaBHOCTI pe3ynbTaTiB i NOTPebyoTh OKpeMoi BaniaaLii.

LLle ogHMM 0OMEXEHHsIM € BiQHOCHA CTaTUYHICTb Ya-
CTWHM KoMnoHeHTiB BODE-iHaeKcy, 30kpema nokasHukiB
6poHx00bCTPyKLIi Ta iHAEKCY Macu Tina, Lo MOXYTb 3Mi-
HIOBATICS MOBIMNBHO | HE 3aBXAM YYTINBO XapaKTepu3yBaTm
KOPOTKOCTPOKOBI KMiHi4Hi 3MiHW. Lle 06Mexye MOXnMBOCTi
BUKOPUCTaHHS iHAEKCY ANS OUIHIOBaHHA ePeKTUBHOCTI
OKpeMux hapMakomnoriyH1X BTPyYaHb y KOPOTKOCTPOKOBIN
nepcnekTuBi Ta MiATBEPAXYE HEOOXiOHICTb NOEAHaHHS
BODE 3 iHLUMMM IHCTPYMEHTamu MOHITOpUHrY [32].

3rigHo 3 cyydacHMMK daHumK, GaraToBUMIPHI iHaeKcK
He Cnif BYKOPWUCTOBYBATU SIK i30MbOBaHUI KpuUTepin Ans
yXBaneHHs KniHiyHux pileHb. BODE-iHaeke He € piarHoc-
TUYHWM {HCTPYMEHTOM i HE MOXE 3aMiHWUTU KOMMeKCHe
KniHiyHe 0OCTEeXeHHs, Lo BKIKOYaE CMipoMeTpito, aHanis
aHaMHesy 3arocTpeHb, OLiHIOBaHHA KOMopbigHOCT Ta
couianbHMX YMHHMKIB. HagMipHe noknagaHHsA Ha Yncnoee
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3HaYeHHs iHOeKkcy 6e3 ypaxyBaHHsH KMiHIYHOTO KOHTEKCTY
MOXe MPU3BOANTM A0 CyBONTUMAnbHMX pilleHb LoAo
BEAEHHS NaLjieHTIB.

MepcnekTBn noganbwmnx AOCHIMKEHb Y Ll ranysi
MOB'sA3aHi 3 YAOCKOHaNeHHsM BaraToBUMIpHIX Mopenen
ouiHtoBaHHs XO3J1 wnsxom iHterpauii BODE-iHaekcy 3 Ho-
BVMW NPOTHOCTUYHUMY YnHHVKaMu. Cepen nepernekTUBHUX
HanpsIMiB — NoeAHaHHS KNiHIYHKX iHAEKCIB 3 GioMmapkepamm
CWUCTEMHOTO 3anareHHs, NMokasHUKamm M’'30BOi (yHKLT,
AaHUMU LdPOBOTO MOHITOPUHIY i3NYHOT aKTUBHOCTI Ta
anropuTMamm MalUMHHOMO HaBYaHHS. Taki Nigxoam NoTeH-
Li'HO MOXYTb MiABWLLMTY TOYHICTb MPOrHO3YBaHHS Ta Cripu-
ATVMYTb NepcoHanisaLii OLiHKW pPr3uKy, OfHaK NoTpebytoTb
macLITabHOI 30BHiLLHLOI Banigalii Ta cTaHaapTM3aLii.

Omxe, BODE-iHaekc cnif BU3HA4NTU SiK BanigoBaHui
i KNMIHIYHO KOPUCHMIA IHCTPYMEHT GaraToBUMIPHOTO OLLiHH0-
BaHHs1, ane 1oro 3aCToCyBaHHs Mae YiTKO BU3HAYEHI MEXi.
OnTumanbHe BUKOPWUCTAHHS LbOro iHAEKCY MOXNMBe
nuwe 3a yMOoBU iHTerpauii 3 KniHIYHO OLiHKO nikaps,
ypaxyBaHHsi KOMOPOIAHOCTi Ta KOHTEKCTY 3aCTOCYBaHHS,
a TaKOX MOCTIAHOTO OHOBIIEHHS MiAXOMiB BiAMOBIAHO [0
Cy4acHUX HayKOBUX JaHUX.

BucHoBKH

1. BODE-iHaeKC — oauH i3 HanbinbL obrpyHTOBaHWX
i KNIHIYHO 3HAYYLLMX IHCTPYMEHTIB BaraToBUMIpHOTO OLi-
HioBaHHs nepebiry XO3J1. Ha BigmiHy Bif 0AHOBUMIPHIX
nokasHwkis, BODE-iHekC Aae 3Mory iHTerpyBaTu IereHesi
Ta no3arnereHeBi KOMMNOHEHTY 3aXBOPIOBaHHS, 3abe3neyye
6inbLL NOBHY XapakTepucTUKy (DYHKLOHANbHOMO CTaHy
nawieHTiB i iXHbOrO NPOrHo3y.

2. MigTBEpOXEHO BUCOKY MPOFHOCTUYHY LiHHICTb
BODE-iHaeKcy LOA0 CMEPTHOCTI, py3nKy 3aroCTpeHsb i
rocnitanisauin y pisH1x KniHiYH1X nonynauisx. BknoveHHs
AoMeHy (hi3nyHOi NpaLe3naTHOCTi Hagae iHaekcy ocobnu-
BOI YyTNMBOCTI 10 cucTeMHux Hacnigkie XO3J1i gae amory
OLiHIOBATM KITIHIYHO 3HAYYLLi 3MiHW, LLO HE MOXYTb GyTK
BW3HAY€Hi i30M1bOBAHO CMiPOMETPUYHUMU AaHUMM.

3. MopiHsHHA BODE 3 iHLLMMY 6araToBUMipHUMU MO-
JensiMm nokasarno, LU0 OLEH iHOEKC He € yHiBepcamnbHUM
A5 BCIX KIiHIYHMX cueHapiiB. Pasom i3 Tum, BODE-iHaekc
3bepirae NpoBigHi No3uuii y Bunaakax, konu HeobxigHe
KOMMMEKCHE OLLIHIOBAHHS TSHKKOCTI Ta PyHKLIOHaNbHOro
aediumnTty, 3okpema npw MynbMOHanbHi peabinitauii,
TpMBaNoOMy MOHITOPUHIY Ta MapLupyTu3aLii nauieHTiB 4o
cnewianiaoBaHux nporpam nikysaHHs. CripoueHi abo mo-
AndikoBaHi iHaeKcK MoXyTb ByTU AOLINbHAMK B yMOBax
obmexeHux pecypci abo npu dokyci Ha OKpeMi KNiHiYHi
KIHLIEBi TOYKM.

4. 3acTocyBaHHst BODE-iHaeKcy y CyyacHii KniHivHii
MpaKTULi BUXOAMTb 3@ MeXi NPOrHO3yBaHHS CMEPTHOCTI Ta
BKIKOYAE NIATPUMKY YXBaseHHS KMiHIYHWX pilleHb, cTpa-
TUGiKaLio pu3vKy, NnaHyBaHHs iIHTEHCUBHOCTI cnocTepe-
XEHHS! Ta OLliHIOBaHHS eheKTUBHOCTI HedhapMaKomnoriYHNX
BTPyYaHb. [HTEpnpeTaLlis iioro pesynesraria notpebye ypaxy-
BaHHS1 KOMOPOIAHOCTI, KIMIHIYHOrO KOHTEKCTY Ta PECYPCHUX
MOXITNBOCTEN KOHKPETHOTO 3aKragy OXOpPOHW 3[0POB'S.

epcneKTMBY NOAAALLUMX AOCAIAKEHb MOB'A3aHi 3 iHTe-
rpauieto BODE-iHaeKcy 3 HOBUMM NPOrHOCTUYHUMM MigX0-
[amu, BKIOYHO 3 GiomMapkepamu, LcpoB1MI NOKasHUKamu
(i3nyHOT aKTUBHOCTI Ta aNropuTMaMM LUTYYHOrO IHTENEKTY.
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Taka iHTerpaLis Moxe CnpuaTi nopanbLLii nepcoHanisavii
OLiHIOBAHHS pU3WKy Ta ONTUMI3aLlii BeAeHHs NaLieHTiB i3
XPOHIYHUM OBCTPYKTUBHUM 3aXBOPIOBAHHSIM NereHb, 36epi-
ratouy Npy LbOMY NPO30PICTb i KMIHIYHY iIHTEPNPETOBAHICTL
6araToBUMIpHUX iHAEKCIB.
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Cardiovascular diseases remain the leading cause of morbidity and mortality worldwide. Despite extensive research on the arterial
cardiac vasculature, the venous system of the heart remains insufficiently studied, particularly with regard to its anatomical variability
and complex spatial organization. The growing use of minimally invasive and interventional cardiology procedures highlights the
clinical importance of detailed knowledge of cardiac venous morphology.

Aim. To summarize current morphofunctional data on the cardiac venous system, with emphasis on anatomical variability and
spatial relationships among venous structures.

Materials and methods. A systematic review of scientific publications from the past 20 years was performed, including original
studies, reviews, monographs, and electronic resources indexed in PubMed, Scopus, and Web of Science. The search employed
the keywords: “coronary veins”, “coronary sinus”, “Thebesian veins’, “variant anatomy”, “cardiac venous system”, and “myocardial
drainage”. Data were systematized according to the classification, topography, angioarchitecture, morphometry, and myocardial

drainage pathways of the major and minor cardiac venous systems.

Results. The cardiac venous system consists of two interrelated components — the major and minor venous systems —responsible
for drainage of the subepicardial and subendocardial myocardial layers, respectively. The coronary sinus, its tributaries, and major
cardiac veins, including the great, middle, left marginal, small cardiac, and oblique vein of the left atrium, were analyzed. The
Thebesian veins were identified as key elements of the intramyocardial venous network. Marked individual variability in venous
angioarchitecture was observed, leading to differences in regional myocardial drainage.

Conclusions. Pronounced anatomical variability of the cardiac venous system underscores the need for detailed morphological
evaluation when planning minimally invasive and interventional procedures. The summarized data have important practical
implications for cardiologists, interventional surgeons, radiologists, and morphologists and may contribute to improved diagnostic
and therapeutic strategies.
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BapiaHTHa aHaTOMifi Ta 0C06AMBOCTI B3a€EMHOr0 po3TallyBaHHA CTPYKTYp
BEHO3HOi CUCTEMU CepLA: HapaTUBHWUH OTARIA

T. B. Mpouak, I. C. 3abpoacbkum

3axBoptoBaHHS CepLIEBO-CYANHHOI CUCTEMI 3aMLLAIOTLCS NPOBIAHOK NPUYKMHOK 3aXBOPKOBAHOCTI Ta CMEPTHOCTI Y CBITi. HesBa-
Xar4y Ha PYHTOBHI JOCMIMKEHHS apTepianbHOro pycrna cepLs, Moro BEHO3HY CUCTeMY AOCI BUBYEHO HELOCTaTHLO, 0COBMNMBO
B acnexTi ii aHaToMi4YHOi BapiabenbHOCTI Ta cknagHOi NPOCTOPOBOI opraHisaLii. MoWMPEeHHs 3acTOCyBaHHS ManoiHBa3UBHUX Ta
iHTEPBEHLIINHMX KapaionoriYH1X BTpyYaHb 0BrPYHTOBYE KMiHIYHY 3HAYYLLICTb TOYHUX AaHKX LWOAO Mopdonorii BeH cepus.

Merta po60oTh - y3aranbHWUTM CyqacHi MOpgOdyHKLIOHaNbHI AaHi LWOJO BEHO3HOI CUCTEMM CEpUs 3 aKLEHTOM Ha aHaTOMiYHY
BapiabernbHiCTb | NPOCTOPOBI B3aEMOBIAHOLIEHHS MiXX BEHO3HUMM CTPYKTypamu.

Martepianu i meToau. 3aifiCHNNW CUCTEMATUYHWIA OFMsS HAYKOBKX NyBnikaLlivi 3a ocTaHHi 20 pokiB, L0 BKITOYAB OpuriHanbHi 4ocri-
[PKEHHS, ornsam, MoHorpaddii Ta eneKTpOHHI pecypey, iHaekcosaHi B 6asax PubMed, Scopus i Web of Science. MoLuyk BukoHanm
3a TakMMK KIHOHOBUMU CIIOBaMW: «coronary veinsy, «coronary sinusy», « Thebesian veinsy, «variant anatomy», «cardiac venous
system», «myocardial drainage». OTpumaHi faHi cucTemaT3oBaHo 3a knacudikavieto, Tonorpadieto, aHrioapXiTEKTOHIKOIO,
MOPOMETPIEIO Ta LLNSXaMU BEHO3HOMO APEHaXy Miokapaa OCHOBHWX | [OAATKOBUX BEHO3HMX CUCTEM CepL.

Pe3yasTaTti. BeHo3Ha cricTema cepLisi CKNafaeTbes 3 ABOX B3AEMHO MOB’A3aHNX KOMMOHEHTIB — BEMWKOI Ta Manoi BEHO3HWX CUCTEM,
Lo 3abe3neqytoThb BiATiK KPOBI BiAMOBIAHO Bia cybenikapaianbHux i cybeHnokapajianbHUX Wwapis Miokapaa. MpoaHanisoBaHo BiHLEBY
nasyxy, ii MPUTOKM Ta OCHOBHI BEHW CepLis, 30kpeMa Benuky, CepeaHio, NiBy Kpanosy, Mary CepLeBy BEHY Ta KOCY BEHY NiBOro
nepencepas. Benu Tebesis BU3HaUYeHO 5K KIO4OBI €NEMEHTM BHYTPILLIHbOMiOKapajiarnbHOi BEHO3HOI Mepeski. BusiBneHo BupaxeHy
iHOMBIgyanbHY BapiabenbHICTb aHrioapXxiTeKTOHIKM BEH, LU0 3yMOBHOE BiBMIHHOCTI perioHapHOro BEHO3HOTO ApeHaxy Miokapaa.

BucHoBKU. 3HauyHa aHaTOMiYHa BapiabenbHICTb BEHO3HOI CUCTEMU CEpLIS 3yMOBIIOE HEOOXIAHICTS i AeTanbHOro Mopdonoriy-
HOro aHaniay nig 4Yac nnaHyBaHHs ManoiHBa3VBHWX Ta IHTEPBEHLIIHWNX BTPyYaHb. Y3aranbHeHi AaHi MaloTb BaXnvBe NpakTUiHe
3HaYeHHs 4ns kapaionoris, IHTEPBEHLINHUX XipypriB, pagionoris i MOpdonorie Ta MOXYTb CPUSATI ONTUMI3aLLi AIAarHOCTUYHKX i
NiKyBanbHUX MigxoaiB.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Diseases of the circulatory system continue to occupy a
leading position among the causes of disability and mortality
worldwide. According to data from contemporary literature
on cardiac morphology, despite extensive research on the
cardiovascular system, the parameters characterizing the
angioarchitecture of the venous system remain insufficiently
studied and inadequately systematized.

The cardiac veins are considerably less investigated
than their counterparts, the coronary arteries. However, the
clinical significance of the coronary venous system should
not be underestimated. Minimally invasive interventions that
rely on detailed knowledge of the structure of this venous
network are increasingly being developed. It has been
demonstrated that such therapeutic approaches signifi-
cantly improve cardiac function and enhance the efficiency
of cardiac rhythm. Therefore, in-depth knowledge of the
architecture of the coronary venous system is essential for
optimizing cardiac performance.

The literature provides general information regarding the
location of cardiac veins and venous sinuses; nevertheless,
venous pathways are highly variable, rendering exceptions
more common than standardized patterns. Consequently,
advanced imaging techniques and careful consideration of
potential venous variations may substantially improve clinical
outcomes. For instance, awareness of the diameter, course,
and valvular structures of cardiac veins allows for anticipation
of technical difficulties during interventional procedures and
facilitates informed clinical decision-making [1,2,3,4].

Aim
The aim of the study was to present the morphofunctional
parameters of the venous component of the cardiac vascular

system that characterize the spatial relationships among
the cardiac veins.

Material and methods

Toinvestigate the variant anatomy and spatial relationships
of the cardiac venous system, a comprehensive literature
review covering the last 20 years was conducted. The re-
view included original articles, monographs, and electronic
resources retrieved from the PubMed, Scopus, and Web of
Science databases using the following keywords: “coronary
veins”, “coronary sinus”, “Thebesian veins”, “variant anato-
my”, “cardiac venous system”, and “myocardial drainage”.

The analysis focused on the spatial organization of
the major and minor cardiac venous systems, the interre-
lationships among the principal venous trunks, structural
variations of the coronary sinus and its tributaries, as well
as the morphology of the Thebesian veins. The collected
data were systematized according to the classification of
the major and minor venous systems, the localization of
veins relative to the myocardium and coronary arteries,
morphometric parameters (diameter, length, and number of
tributaries), and the drainage pathways of the subendocar-
dial and subepicardial layers of the myocardium.

Results

Based on their anatomy, the cardiac veins can be divided
into three main categories. The first category comprises the
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coronary sinus and its tributaries, which drain the majority
of the myocardial walls. The second category includes the
system of transitional cardiac veins; these vessels drain the
anterior regions of the right ventricle and open directly into
the cavity of the right atrium. The third category consists
of the Thebesian veins, which serve the intramural and
subendocardial regions of the heart and drain directly into
the cavities of any of the four cardiac chambers [5,6,7,8].

According to the contemporary classification system
developed for clinical application, the cardiac venous sys-
tem is divided into two principal components. These two
interacting systems comprise the tributaries of the major and
minor cardiac venous systems. The major system consists
of large vessels that collect blood from the greater part of the
outer myocardium, whereas the minor system is composed
predominantly of Thebesian vessels and primarily functions
to return venous blood from the inner myocardial walls.

Accordingly, the vessels of the major system are located
within the subepicardial layer of the myocardium. Extending
over the surface of the ventricular and atrial myocardium,
these veins do not strictly adhere to topographic bound-
aries; however, the larger collecting veins are typically
situated within the interventricular grooves and drain into
the coronary sinus. The connecting components of this
system include the coronary sinus and its ventricular tribu-
taries, the anterior cardiac venous system, the veins of the
interventricular septum, as well as the left and right atrial
veins. Most of these vessels are readily identifiable, contain
valves, and collect blood from the subepicardial layers of
the myocardium [9,10,11].

The minor system, accordingly, consists of the smallest
cardiac veins that drain the inner layers of the myocardium.
These vessels are also referred to as the true Thebesian
veins and are located within the subendocardial layer of the
myocardium. They establish connections with intramyocar-
dial arteries and veins and open directly into the cavities of
all cardiac chambers. Characteristically, the orifices through
which these vessels open into the chambers have a diam-
eter of less than 0.5 mm and are not equipped with valves.

More specifically, these venous structures can be
subdivided into four distinct components. Venoluminal
vessels connect the intramural venous networks directly
to the cardiac chambers. Venosinusoidal vessels link the
intramural veins with subendocardial sinusoids, which drain
the inner layers of the myocardium of both the atrial and
ventricular walls; in turn, these sinusoids empty into the
cardiac chambers. Arterioluminal vessels connect small
arteries and arterioles directly to the atria or ventricles. In
addition, arteriosinusoidal vessels are distinguished; these
connect thin arteries or arterioles with sinusoidal spaces
located within the inner layers of the atrial and ventricular
walls [5,10,12,13,14].

An additional classification scheme may be of particu-
lar importance in imaging diagnostics. In addition to the
classical nomenclature of venous tributaries based on their
points of origin, venous segments can be further described
according to the myocardial territory they drain. Within this
classification, emphasis is placed on the left ventricular
myocardium, as this region is most frequently targeted for
ventricular pacing.

It is widely accepted that optimal pacing requires ap-
propriate positioning of pacing leads. A detailed description
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of the local veins available for lead placement expands
the electrophysiologist’s options by enabling correlation
between a classically described cardiac vein and its specific
ventricular myocardial drainage territory. This system relies
on the description of the left ventricular myocardium as
comprising anterior, lateral, and posterior segments, with
additional identification of basal, mid, and apical portions.
Consequently, the myocardium is divided into nine seg-
ments within a combined three-dimensional grid.

This classification can be applied to describe venous
drainage through the primary, secondary, and tertiary
branches of the coronary venous system [15,16,17].

The major cardiac veins drain the greater part of the my-
ocardium. These vessels are of particular clinical relevance
during procedures such as left ventricular lead placement
and ablation therapy. In this review, the angioarchitecture
of these vessels under normal conditions is examined, with
emphasis on common anatomical variations.

The coronary sinus (Fig. 1) collects blood from the ma-
jority of the left-sided cardiac chambers. The sinus begins at
the termination of the great cardiac vein and courses through
the left atrioventricular groove to terminate in the right atrium.
It is associated with the myocardium of the left atrium but
possesses its own myocardial wall. During ventricular systole,
the coronary sinus receives blood from the ventricular veins
and expels itinto the right atrium during atrial systole [18,19].

The diameter and length of the coronary sinus exhibit
considerable variability. Previous reports show notable
differences, reflecting the small sample sizes and differing
measurement methodologies. The diameter of the sinus has
been reported to average approximately 1 cm, ranging from
6 mm to 16 mm, while its diameter at the right atrium varies
between 5 mm and 20 mm. The coronary sinus typically has
an oval shape, with the superior-inferior diameter exceeding
the anteroposterior dimension in a ratio of 5:4. It has been
noted that the dimensions of the coronary sinus correlate
with the overall cardiac mass [20,21].
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The larger coronary veins terminate in the coronary
sinus. Accordingly, the main tributaries of the sinus include
the great cardiac vein (or anterior interventricular vein), the
middle cardiac vein, veins draining the inferior diaphragmat-
ic surface of the left ventricle, the left marginal veins, the
oblique vein of the left atrium, and the small cardiac vein.
A wide range of variations exists in both these tributaries
and the regions of the ventricular myocardium from which
they drain [22,23].

The great cardiac vein is the largest of the cardiac
veins and is also referred to as the anterior cardiac vein
or, according to anatomical nomenclature, the anterior
interventricular vein. This vein collects blood from the
anterior interventricular septum, the anterior surfaces of
both ventricles, portions of the left atrium, and the apical
region of the heart.

The vessel originates in the anterior interventricular
sulcus or near the apex of the heart, often arising as a
small branch from the dense subepicardial venous network
or from the confluence of two to three smaller veins. In the
literature, the vein has been described as running either
to the right or left of the anterior interventricular artery.
Regardless of its initial position, the anterior interventricular
vein courses leftward to continue as the great cardiac vein.

It has been reported that in nine out of ten cases, the
vein crosses superficially to the left coronary artery, while
in one case it passes deep to the artery. Studies have also
examined the variable spatial relationships of the vein with
branches of the left coronary artery within the so-called
triangle of Brocq and Mouchet. The vein has been described
as superficial relative to some arterial branches and deep
relative to others. Despite these variations, reflecting sig-
nificant differences in venous morphology, once the vein
traverses the triangle of Brocq and Mouchet, it typically
maintains a superficial course alongside the circumflex
coronary artery [5,11,24,25].

Throughout its course, the great cardiac vein collects
blood from veins of both the left and right ventricles. Other
tributaries include the left marginal veins, certain left atrial
veins, and the inferior veins of the left ventricle. The great
cardiac vein terminates in the coronary sinus, with its
proximal portion frequently enveloped by the muscular
wall of the sinus.

The middle cardiac vein (Fig. 2), also referred to as the
posterior interventricular vein — although “inferior” more ac-
curately reflects its course —drains the diaphragmatic walls
of the ventricular chambers as well as a large portion of the
muscular interventricular septum. This vein is a consistent
structure, originating either as a single vessel or from the
confluence of two superficial veins near the apical region of
the ventricles. The vein has also been described as meeting
the anterior interventricular vein at the apex, thereby forming
a complete venous loop together with the coronary sinus.

Typically, the middle cardiac vein drains into the coronary
sinus near its opening into the right atrium; less commonly, its
terminal portion may open directly into the right atrium. The
main tributaries include the inferior and left marginal veins.
The inferior left ventricular vein, located at the apex, collects
blood from the lateral and diaphragmatic walls of the left
ventricle. Most commonly, the vein is present as a single large
vessel, although several smaller veins may drain the same
myocardial regions. In approximately 20 % of individuals, this
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vessel may be absent; in such cases, the left marginal vein
is responsible for draining the majority of the left ventricular
wall. Although the distal end of the inferior left ventricular vein
is highly variable, it typically terminates in the coronary sinus,
though it may also drain into the great cardiac vein [1,5,26].

The left marginal vein (Fig. 3), also referred to as the
obtuse marginal vein, has been identified in approximately
nine-tenths of a large population. The vein courses along
the left marginal surface of the heart, draining a substantial
portion of the left ventricular myocardium, and is typically
positioned superficial to the marginal branch of the left
coronary artery [5,6,27].

The oblique vein of the left atrium (Fig. 4) was first
described in the classical study by Marshall, which also
established its origin as a remnant of the left superior vena
cava. The vein descends along the lateral and inferior walls
of the left atrium and joins the great cardiac vein to form the
coronary sinus. Consequently, most researchers combine
the oblique and great cardiac veins to define the origin of
the coronary sinus, although others consider the sinus to
begin at the site of the Vieussens valve [5,27].

The small cardiac vein (Fig. 5) typically serves as a
tributary of the coronary sinus, although it may also drain
directly into the right atrium. It is also referred to as the
right coronary vein. Morphological studies have identified
the small cardiac vein in approximately half of examined
cases. When present, the vein may course superficially or
deep to the right coronary artery, terminating in the right
portion of the coronary sinus or draining directly into the
right atrium. Depending on its size, the small cardiac vein
drains a substantial portion of the right atrial walls and the
diaphragmatic surface of the right ventricle [5,27].

The right marginal vein, classically known to anatomists
as the vein of Galen — distinct from the cranial great vein
of Galen — originates at or slightly above the apex of the
heart. It then ascends along the diaphragmatic and anterior
walls of the ventricles. Some investigators have identified
this vein in no more than one-sixth of examined specimens,
reflecting the possibility of considering the right marginal
vein as one of the anterior cardiac veins. In certain cases,
the vein drains into the small cardiac vein, while in the
majority it empties directly into the right atrium. The right
marginal vein has also been described as a tributary of the
inferior interventricular vein [25,27].

The anterior cardiac veins connect the small cardiac
veins, accessory veins, and the unnamed veins of Vieus-
sens. This group drains approximately two-thirds of the
anterior and anterolateral walls of the right ventricle. The
number of anterior cardiac veins varies from one to three.
Each vein may open individually into the right atrium, or the
veins may join to form a common venous trunk that empties
into the right atrium [29].

The large left and right ventricular veins drain the outer
two-thirds of the ventricular walls. These highly variable
tributaries are not individually named but are described
according to their anatomical location [30].

The left atrial veins are divided into three distinct groups:
posterolateral veins, posterosuperior veins, and septal
veins. Although these veins have a small diameter, they are
considered part of the major coronary venous system. The
posterolateral veins follow a relatively consistent pattern,
draining primarily the posterior and lateral walls of the atria
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Fig. 2. Middle cardiac vein [5]. lllustration by Katie Yost MS, CMI ©2019, provided under CC-BY-
NC-ND.
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Fig. 3. Left marginal vein [5]. lllustration by Katie Yost MS, CMI ©2019, provided under CC-BY-NC-ND.

as well as the atrial appendage. Typically, there are two to
three veins draining the appendage muscles and one to two
veins draining the atrial walls. The oblique vein of Marshall
often falls within this category, draining into the coronary
sinus along with most of the posterolateral veins of the left
atrium. The posterosuperior veins drain a small region of
myocardium located between the atrial cavities and are
further subdivided into anterior and posterior veins [30].
The right atrial veins drain the walls of the right atrium,
which are located intramyocardially. Their function is to
collect blood from smaller atrial veins and deliver it into the
atrial cavity. The right atrial veins can be subdivided into
small, large, long, or short intramyocardial segments, as
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well as small intramural veins. The small atrial veins drain
the walls of the venous sinus, which receives tributaries

from the venae cavae.

Right atrial veins open directly into the right atrial cavity
through atrial orifices, although some of these veins may
also drain into the left anterior cardiac vein. The walls of
the right atrium also contain large intramyocardial venous
segments of varying lengths, which collect venous blood
from the anterior cardiac veins. Additionally, they provide
venous drainage of the sinus and atrioventricular nodes [30].

The muscular interventricular septum is primarily drained
by multiple small veins, most of which empty directly into the
veins of the major coronary venous system. Approximately 25

384 ISSN 2306-4145  https://zmj.zsmu.edu.ua

small veins draining the anterior portion of the septum flow
into the great cardiac vein, although some may drain into the
left marginal vein. Around 20 veins provide drainage from the
posterior portion of the septum, with the majority emptying
into the middle cardiac vein. Occasionally, several of these
veins open directly into the left ventricle [30,31].

The minor cardiac venous system consists of small
venous structures distributed throughout the myocardium.
These are thin vessels known as the Thebesian veins, or
the smallest cardiac veins. This subendocardial vascular
system connects the intramyocardial coronary circulation
with all four chambers of the heart. Thebesian veins, which
vary considerably in length and number, lack a defined
orientation and are therefore distributed in a seemingly
random manner [10,32].

According to the literature, the minor cardiac venous
system can be classified into venosinusoidal, venoluminal,
arteriosinusoidal, and arterioluminal categories. These ves-
sels are composed of endothelial cells that are continuous
with the endothelial lining of the cardiac chambers. The
vessel orifices lack valves and therefore open directly into
the cardiac chambers. The Thebesian vessels are not purely
venous, as arteriosinusoidal and arterioluminal vessels
establish direct connections with arteries; consequently,
these structures should be regarded as components of
myocardial drainage rather than conventional veins [33,34].

These veins drain the majority of the right atrial append-
age and a substantial portion of the muscular interventricular
septum. They also contribute to venous drainage of all
layers of the myocardial wall. It should be noted that the
right-sided cardiac chambers depend to a large extent on
the minor venous system. Although Thebesian vessels are
also distributed throughout the left-sided chambers, their
number is significantly lower compared with the right side
of the heart [12,35,36].

Conclusions

1. Thus, the study revealed pronounced variability in
the dimensions of the coronary sinus and in the patterns
of normal anatomical variants of its tributaries, knowledge
of which may assist in predicting the feasibility of minimally
invasive interventions.

2. The summarized data have important practical
implications for cardiologists, interventional surgeons, radi-
ologists, and morphologists and may contribute to improved
diagnostic and therapeutic strategies.

Perspectives for further research. Future studies
should focus on a detailed morphological analysis of the
cardiac venous system, taking into account its anatomical
variability, topography, and spatial organization. Particu-
lar attention should be paid to the morphometry of the
coronary sinus, major cardiac veins, intercoronary anas-
tomoses, and the subendocardial venous network using
advanced three-dimensional reconstructions, corrosion
casting techniques, and high-resolution microscopy. An
equally promising direction involves investigation of the
micromorphology of the Thebesian veins, their role in int-
racardiac microcirculation, and the relationships between
the major and minor venous systems. In-depth analysis of
morphological variants and their correlations with myocar-
dial functional characteristics will allow for a more accurate
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assessment of the anatomical basis of individual variability
and contribute to the refinement of strategies for planning
interventional procedures.
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3epHUCTOKNITUHHA MyXnMHa cTpaBoxody (MyxnuHa ABpukocosa) — Lie piakicHe [oBposikicHe HOBOYTBOPEHHS, LLO MOXOAWTL 3
HEMPOreHHOT TKAaHWHN (LUBAHHIBCBKIX KMiTMH). i Yac nikyBaHHS 3epHUCTOKMITMHHUX MyXAMH CTPABOXOAY MepeBary BinaaloTb
MiHiiHBa3MBHUM METOAMKaM, 30KpeMa eHA0CKONIYHOMY BUAANEHHIO METOLOM KOBNAYKOBO-acUCTOBaHOI pesekuii (cap-EMR) abo
avcekuii y nigcnnsoomy Lwapi (ESD).

MeTta po60T1 — OLiHUTM €HA0CKOMIYHY AiarHOCTVKY 3€PHUCTOKIITUHHOT MyXSIMHK CTPABOXOZY Ta METOAMKY EHAOCKOMIMHOI KoBMaY-
KOBO-aCVCTOBaHOI pe3ekLjii NiaCn130Boro HOBOYTBOPEHHS 3 NO3WLiM iHAMBIAYani30BaHOro NiAxoay.

Marepianm i metopn. OnucaHo KniHiYHMIA BUNALOK €HAOCKOMIYHOI AiarHOCTMKM, KMiHIYHOrO BeeHHs! Ta METOA eHAOCKOMIYHOro
NiKyBaHHS NaLieHTa 3 3epPHUCTOKNITUHHOK NMYXIIMHOKO CTPABOXOAY, Sikvuin nepebyBaB Ha NikyBaHHi B 6aratonpodinibHOMYy Xipypriy-
HOMY BifZineHHi HaB4anbHO-HayKOBOrO MEANYHOTO LEHTPY «YHIBEpPCUTETCHKA KiliHikay 3anopi3bkoro AepxaBHOro Meavko-ap-
MaLEBTUYHOTO YHIBEPCUTETY.

Pesyabratu. [lo 6aratonpodinbHOro XipypriyHoro BiafineHHs HaZidLLIoB NaLieHT 3i ckapramy Ha nevito, BigyyTTs knybka B ropni,
6inb Npu KOBTaHHI. MaLieHTy nonepeaHLO NPOBEAEHO AiarHOCTUYHY Bigeoe3odaroractpockonito. i Yac AOCTIMKEHHS B HUXKHIA
TPETWHI CTPaBOXOLY BUSBMEHO MiACN30BE HOBOYTBOPEHHS YMOBHUMM po3mipamu 10 MM 3 GinyBaToto NOBEPXHELD, Manopyxome,
MY IHCTPYMEHTaNbHIN Nanbnawii LWinbHe Ha AOTVK. [onepeaHii ricTONoriYHMI BUCHOBOK: 3€PHUCTOKIITVHHA NMyXIMHA CTPaBOXOAY
(nyxrmHa ABpukocoBa). BpaxoBytoum 0BTSKEHMIA CiMEeNHWIA aHaMHE3, NaLlieHT AaB 3rofly Ha HAOCKONIYHe OnepaTvBHE BTPYYaHHS.
BvkoHaHo eHpockonivHe B1AaneHHs nigcnn3oBoro HOBOYTBOPEHHS CTPABOXOAY Mif BHYTPILUIHLOBEHHO aHanroceaaLlieto METOA0M
KOBMa4KoBO-ac1cToBaHoi pesekyii (cap-EMR) 3 HacTynHUM ricTONOriYHUM Ta iIMYHOTICTOXIMIYHAM JOCTIZKEHHAMM. IMYHOTICTOXIMiYHe
[OCTIMKEHHS NOKa3arno No3nTUBHY peakLito knituH o S-100, kanbpeTtuHiHy, CD68, Lo Bignosigae MopdonoriyHomMy aiarHosy 3ep-
HUCTOKIITUHHOT NYXNWHK (Tak 3BaHa nyxnuHa Abpukocosa; ICD-O kog 9580/0). MauieHT BUnucaHwi Ha apyry Aoy nicns onepadii.

BucHOBKU. 3epHUCTOKNITUHHA NyXNMHA CTPABOXOAY — PiaKicHe NiACNM30BE HOBOYTBOPEHHS, Sike AiarHOCTYHOTh Mif Yac CKPUHIH-
roBoi €30charoracTpogyoneHocKonii y 6e3cMMNTOMHIX NaLieHTIB, YacTo BUNAZKOBO. EHAOCKOMIYHE NiKyBaHHS XapaKTepuayeTbCst
eeKTUBHICTIO | 6e3neyHICTIO, cnpusie WBKAKIA peabiniTaLii Ta NOBEPHEHHIO NaLiEHTIB 4O aKTUBHOTO cnocoby XmTTs. JlikyBaHHs
uiei natonorii noTpedye aAndepeHLiioBaHoro nigxody Ta BUOOPY ONTUMANLHOrO METOAY EHAOCKOMIYHOIO BTPYYaHHS.

KatouoBi cnoBa:
3ePHUCTOKAITUHHA
NyXAUHa, CTPaBoOXia,
€HAOCKOMIYHa
AiarHocTuka,
NiKyBaHHS.
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A clinical case report of endoscopic diagnosis of granular cell tumor
of the esophagus with a review of indications and selection of
endoscopic treatment method

0. 0. Krylova, 0. M. Kiosov, V. V. Filenko

Granular cell tumor (GCT) of the esophagus (Abrikosov’s tumor) is a rare benign neoplasm originating from neurogenic tissue
(Schwann cells). Minimally invasive endoscopic approaches, including cap-assisted endoscopic mucosal resection (cap-EMR)
and endoscopic submucosal dissection (ESD), are the preferred treatment modalities for esophageal GCT.

Aim. To evaluate endoscopic diagnosis of granular cell tumor of the esophagus and to describe the technique of cap-assisted
endoscopic mucosal resection within an individualized clinical approach.

Materials and methods. The article presents a clinical case of endoscopic diagnosis, management and endoscopic treatment of a
patient with histologically confirmed esophageal GCT, treated at the multidisciplinary Surgical Department of the Educational and
Scientific Medical Center “University Clinic” of Zaporizhzhia State Medical and Pharmaceutical University.

Results. The patient presented with heartburn, globus sensation, and odynophagia. Prior diagnostic esophagogastroscopy revealed
a submucosal lesion measuring 10 mm in diameter in the lower third of the esophagus, with a whitish surface, sessile base, and
firm consistency. Preliminary histological examination was consistent with GCT of the esophagus. Endoscopic removal was per-
formed under intravenous procedural sedation using the cap-EMR technique. Immunohistochemistry showed positive reactivity
for S-100, calretinin and CD68, consistent with the morphological diagnosis of GCT (Abrikosov’s tumor; ICD-O code 9580/0). The
patient was discharged on postoperative day 2.
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Conclusions. Granular cell tumor of the esophagus is a rare submucosal neoplasm often identified as an incidental finding during
routine screening esophagogastroduodenoscopy. Endoscopic treatment is an effective and safe treatment modality that enables

rapid postoperative recovery and return to normal daily activity.

3epHucroknituHHa nyxnuHa (3KIM) — ue meseHximanbHa
MyXnWHa M'SIKUX TKaHWH HEWPOTEHHOTO YW HEMpPOEKTOaEep-
MarbHOro NOXOMKEHHS!. BinbLUiCTb 4ocnigHWKIB NigTBEpAN-
v noxomkeHHs KT 3i LIBaHHIBCHKUX KNITWH. Taki myxnuHu
nepeBaxHO [OBPOSKICHI, TPANMATLCA PIAKO Ta MOXYTb
ypaxatu GyAb-aKy YacTuHy Tina, ane HanyacTille noka-
ni3ytoTbCs B NOPOXHUHI poTa (40 %), LKipi Ta nigLwKipHin
kniTkoBuHi (30 %), MonoyHux 3ano3ax (15 %) i auxanbHux
wnsxax (15 %) [1,2].

Y 1854 poui C. O. Weber, R. Virchow ony6nikysanu
CTaTTio, B SIKil onucanu rinepTpodito a3uka y 21-piyHoro
YOroBika, OXapaKTepu3yBaBLLK ii K NPOLeC 3 yTBOPEHHSAM
«HOBWX MOMEPEYHO-CMYracTuX M’'si30BKX BOMOKOH» [3]. Y
1926 poui O. A6pnKOCOB NpeacTaBuUB Kinbka KMiHIYHUX
BUNAZKIB MyX/MHYM 131K 3 A€TaNbHAM ONUCOM Ta inNCTpa-
LisiMu ricTonorivyHux npenaparis, a B 1931 poui oxapakTe-
pU3yBaB MyXJIMHU CTPABOXOAY, BU3HAYMBLUM iX SIK MiOMM,
Hagani — miobnactomu [3,4]. 3 Toro yacy 3KI1 Bu3HavaroTb
AK NyxnH1 AGPYKOCOBa Ta LLe HU3KOK CUHOHIMIB: 3epHMC-
TOKIMITUHHA MioBnacToMa, 3epHICTOKNITYHHA HEBPOMA, Mio-
enitenianbHa NyxnnHa, 3epHUCTOKMITUHHA NEPUHEBPanbHA
¢ibpobnacToma, 3ePHUCTOKMITUHHA LWBaHOMa TOLLO [5].

3K BusBnsOTL NepeBaxHo Y 4opocnix Bikom 40-60
pOKiB, ane € NoBIZOMIIEHHS! | Npo GinbLL MonoawWiA Bik Nav-
eHTiB [1,2,3,6]. 3a gaHnmMu okpemux JOCTiMKEHb, YacTille
TaKi ypaxeHHs BUSIBMSIOTb Y XIHOK Ta 0Ci6 adpukaHCbkoro
noxomkeHHs [1,2,3,6]; iHWi gocnigHWKM NoBiZOMMAK Npo
nepeBaxaHHs 3Kl cTpaBoxogy y YOMoBiKiB i 38'130K LIbOr0
3aXBOPIOBAHHS i3 3anarnbHUMK 3MiHaMu B Hbomy [7]. Xoda
yacriwe 3K BUABNAOTL Y JOPOCANX, ONUCAHO TaKOX BU-
nagku y Aiten. Y nauieHtis gutayoro siky 3Kl HanvacTile
noKanisytoTbCs Yy LUKIpi, piaLLe — B A31KY, ropTaHi, Tpaxel,
HOCOBIN nepeTuHLj, GpoHxax i renitanisx [8].

Y wnyxkoBo-kuwkoBomy TpakTi 3KIM BuSBNSOTL ¥
2,7-8,1 % Bunagkis, HanvacTiwwe (30,0 %) — y cTpaBoxogi
[2,6,9,10]. An S. et al. npoaHanisyBanu pesynbsraTi Lochi-
IkeHHs 95 nauieHTis, y skux BusBneHo 98 3K opraHis
LLNYHKOBO-KULLKOBOTO TpakTy. BcTaHoBneHo, wwo B cTpa-
BOXOZi nokanisysanocst 75 % nyxnvH, y TOBCTIN KL
=21 %, y wnyHky — 4 %. YpaxeHHs cnn3oBoi 0B0MoHKy,
niacnun3oBoi 06onoHky Ta 0buaBi nokanisavii BU3Ha4YeHo y
59 %, 11 % 1a 29 % Bunagkie BianosigHo. OanH BUNaaoK
3K curmonopitHoi knwikm (1 %) BUsiBNKW 3a iHinsTpaLlieo
M’SIKMX TKaHUH KNITKOBWHM Ta MeTacTasamm y nimaTnyHi
By3nu [2].

3rigHo 3 pesynbraTamu JOCHiAXeHb, 3-NOMiX YCiX
nyxnuH ctpasoxogy 3KIT craHoBnsaTs o 1 % i € gpyroto
3a MOLUMPEHICTIO CTPOMAIbHOK MyXIMHOK CTPaBOXOAY
(nicnst nertomiomu). 3a ricTonorivHo By[0BOK PO3PI3HAKOTL
nobposikicHi, atunosi Ta anoskicHi 3KIM ctpasoxoay; 3a xa-
paKTEpPOM POCTY — EKCMAaHCUBHOTO Ta iH(INLTPATUBHOIO; 38
XapaKTEPOM YPaXKEHHS — COMNiTapHi Ta MHOXUHHI (CUHXPOHHI
| MeTaxpoHHi) yTBopeHHs [11].

3asBuyaii 3Kl ctpaBoxoay BUSBNSIOTL SIK MOOAWHOKI
ypaxehHs, ane Ao 11 % 3 ycix Bunaakis MoXxyTb ByTV MHO-
XuHHUMK [12]. 3KIT BUSIBNAOTL YacTilwe y auctansHoMy
(50-65 %) Binpini ctpasoxopy, piaLe y cepeaHsomy (20 %)
i npokcumansHomy (15-40 %) Bigainax [5,6]. Big nepLuoro
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onwucy 3KI ctpasoxoay B 1931 poui gotenep y daxosii
nitepatypi nosigomunn npo noHag 300 BuNagkiB Takux
MyXMWH, NOKarni3oBaHyX y CTPaBOXOAi.

Y Uit cTaTTi HaBeaeHO KMiHIYHUIA BUNaJ0K EHAOCKOMIY-
HOI AiarHoOCTVKV naTonorii, Ky AgiarHocTyoTb piako — 3K
CTpaBoXoay.

MeTta po6oTtu

OuiHNTK eHAoCcKoNiYHY AiarHOCTUKY 3epHUCTOKMITUHHOT
MyXMWHU CTPABOXOZY Ta METOAMKY EHL,0CKOMIHHOI KoBNay-
KOBO-aC1CTOBAHOI pPe3eKLii MiACn130BOro HOBOYTBOPEHHS
3 No3uLii iHaMBIZYyani3oBaHoOro Nigxoay.

Martepianu i MeToAU AOCAIAKEHHA

MauieHT C. BikoM 24 poku, BiiCLKOBMIA, 3BEPHYBCS Y rocni-
Tanb 3i ckapramu Ha 6inb B eniracTpii Ta nevito; Hanpaene-
HWUIA NS BUKOHAHHS BiZeoe30daroracTpoayoneHoCKonii.
Mig yac o6CTEXEHHSA y CEepepHiit TPETUHI CTPaBOXOAY
BWSIBNIEHO NoninonogibHe Miacnn3oBe yTBOPEHHS — TSX
npoAoBryBatoi hopmm 3 poamipamm 4 x 3 x 6 MM; NOBEPXHS
— Bino-poxesa 3 perynsapH1UMy NigCrimM30BUMW CYAUHHUMIA
netnamu IPCL (puc. 1A, b).

3a faHnmMn KoMn'loTepHOT ToMorpadii 3 migcuneHHam
(KOHTpaCTyBaHHAM), BUSBMEHO NiLCMN30BE YTBOPEHHS
CTpaBoXoAy, Lo obmexeHe NiACAX30BUM LLAPOM Ta He
HaKOMWYY€E KOHTPACTHY PEYOBWHY. 3 NPOKCMMAIBHOTO Kpato
YTBOPEHHS BUKOHAHO CTyniH4aTy Gioncito (yKyc-Ha-ykyc).
MaTomoponoriyHnit BUCHOBOK: (hparMeHTV CRn3oBOi
00ONOHKN CTPaBOXOAY 3 HEOMnasielo 3a ricTonoriyHo
6ynoBoto, NogibHO [0 rpaHynsPHOKIITUHHOT MYyXIUHK.
Pesynbratit iMyHOriCTOXIMIYHOTO JOCHIAXEHHS: Y MiKpO-
npenapatax — hparMeHTy Crn3oBoi 0BOIOHKM CTPABOXOAY,
BKpUTOI baraTtolwapoBum MIOCKUM HekepaTuHi30BaHUM
eniteniem, 3 HasBHICTHO B cy6eniTenianbHil CTPOMI MyXnHY,
cchopMOBaHOi nacTamu KniTWH 3 yxe [obpe Bupaxe-
HO0 €03UHOMINBHOK APIOHO3EPHUCTOK LIMTOMNIA3MOt0
Ta HEBENWKAM 3a PO3MIPOM SAPOM, LLO MICTUTb KOHAEH-
COBaHW xpoMaTtuH. Dirypu MiTo3y B KNiTUHAX NyXNWUHK
He BW3Ha4yeHo. Hekpoan He BusBneHo. O3Haku sgepHoi
amvnii B KNiTUHaX NyXnuHU He 3adpikcoBaHi. 3a pesynsra-
TaMu iMyHOTICTOXIMIYHOTO JOCAIMXEHHS, KNITUHW NyXTUHA
noauTueHi Ha S-100, kanbpeTuHiH, CD68. MopdonoriyHa
KapTuHa Ta pesyrnsTati iMyHOriCTOXIMIMHOTO JOCTIMKEHHS
BiANOBIZAIOTL 38PHUCTOKMITUHHINA MyXNKWHI (Tak 3BaHa nyx-
nnHa A6pukocosa; ICD-O kog 9580/0).

licns oTpuMaHHS pesynbTaTiB iMyHOrCTOXIMIYHOMO
LOCTIIKEHHS NaUieHT HanpaBneHnn As eHAOCKONIYHOro
BUAANEHHS MyXIUHW.

Pe3yabTati

B ekcneptHomy LeHTpi HHML, «YHiBepcuTeTchka KniHika»
3anopi3bkoro AepxaBHOro Meauko-hapmaLleBTUHHOro
yHiBepcuTeTy — y BaratonpodinbHOMY XipypriYHoMy Biazi-
neHHi 3 LieHTpom ekcnepTHOI eHOOCKOMNIYHOI AiarHOCTUKN
Ta NiKyBaHHS NaLieHTy BUKOHAHO €HAOCKONIYHY pe3eKLiio
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Puc. 1. A: MNiacnuaose yTBOpeHHs cTpaBoxopy Yy Ginomy caitni. B: Y pexumi Byabkoro cnektpa caitna (NBI). Factpockon Olympus GIF-H180 3 Bigeo-

npouecopom CV-150.

Puc. 2. A: EHgochoTo nifcnu3oBoro yTBOpeHHs ctpasoxogy y Ginomy caitni. B: Ornsg y NBI 3i 36inbiwenHsm (Near Focus). Factpockon Olympus

GIF-HQ190 3 Bigeonpouecopom Evis Exera IIl CV-190+.

MigCrM30BOro HOBOYTBOPEHHS! CTPABOXOAY METOLOM KOB-
MaykoBoi pesexuii (cap-assisted EMR).

YTBOpPEHHS Bi3yanizoBaHO sk OKpyrnoi ¢opmu npoT-
pysis, GinyBaToro Konbopy 3 XOBTUM BiATIHKOM; CNi30Ba
Hag HUM MOTOHLLeHa, Mmiacnu3oBi cyauHi netni IPCL He
3MiHeHi (puc. 2A, b).

Onuc onepauii: 4O AMCTaNbHOTO KiHUS eHagockona
(iKCyHOTb CKOLLEHWI KOBNAYOK, MPU3HAYEHUIA AN eHA0CKO-
MiYHOI peseKLii cnm3oBoi 060MoHKK. KoBnadok mae 60poaHy,
y 5IKy BKMaaarTb MOHOMDINaMEHTHY NETAH, SIKy BUKOPUCTO-
BYIOTb AJ151 pe3eKLji crn3oBoi 060omnoHkK cTpaBoxoay. EH-
Z0cKON MiABOAATb A0 MiACNN30BOr0 HOBOYTBOPEHHS, NiCNs
LIbOro 3a [I0MOMOTOK0 acripatopa BTAMYTb YTBOPEHHS Y
KOBMa4oK. [lani neTnto 3aTarytoTb HBKYE Bif OCHOBU HOBO-
YTBOPEHHs1. 3achikCyBaBLLM NETIHO Ta NEPEKOHABLLUC, L0
YTBOPEHHSI MOBHICTIO OXOMEHE HEt0, BUKOHYIOTb PE3EKLit0
Cnn30B0i 060NOHKM Pa3oM i3 HOBOYTBOPEHHSIM. Takuii Me-
TOA, AA€E 3MOTY BULANUTY YPXKEHHS 3 MiHIMaNbHAM PU3NKOM
nepdopaLiii Ta kpoBoTeui.

YTBOPEHHS BUAaneHo eauHM 6riokom, Ha puc. 3 noka-
3aHO NOXeE NiCNs BUAANEeHHs YTBOPEHHS, 3aX0MieHe cay-
KOM A1151 BUAAneHHs! CTOPOHHIX Tifl. BunyyeHy 3i ctpaBoxoay
MyXMWHY HanNpaBeHO A1151 iCTONONYHOIO AOCTIHKEHHS.

Mepebir nicnsionepaLiiHoro nepiogy — 6e3 ocobnu-
BOCTEW, NaLieHT BUMUCAHUA Ha OPYruin AeHb nicns one-
pauii, Tonepytouu HemoaudikoBaHy AieTy; Le CBiAYUTb

3anopisbkuit MeAnUHMIA XypHan. Tom 28, Ne 4(157), auneHb - cepnenb 2026 p.

npo nepesary eHA0CKOMHHUX METOZIB BUAANEHHS nepes
XipypriYHMMU.

[MoBTOPHWI1 OrNSA Yepes 3 micaui nicns onepadii noka-
3aB «HDKHWAY pybeLip, Y AiNAHLi BUAaNeHHs nyxnuHu 6es
03HaK CTEHO3yBaHHS MPOCBITY.

06roBopeHHs

Y GinbLuocTi nauiexTis 3KIM ctpaBoxogy 6e3cumnTomHi, Ya-
CTO iX BUSIBNSAOTH BUMAZAKOBO MiJ Yac e3ogaroracTpockonii
abo iHWMX gocnimxeHb.

Tak, A. Diaz et al. onucanu sunagok 3KM Benukmx
PO3MipiB, LLO NoKanisyBanacs Mix 3a4HbO CTIHKOK Tpaxei
Ta NepeaHbOH0 CTIHKOK CTPABOXOZY. Y TBOPEHHS BUSIBMIEHO
BMMAZKOBO — Mif Yac KOMM'KOTEPHOI TOMOrpadii nawjieHTy,
SKUI JOCTaBMNEHUI Y BiAAiNEeHHs HeBiaknaaHoi AoMOMOoru
nicnst aBToMobinbHoI aBapii. XapakTepHux ckapr (aucda-
risl, 3a4uLLKa TOLLO) NaLieHT He maB. icns onepaT1BHOMO
BUAANEHHS MyXNMHU BCTAHOBMEHO, WO YTBOPEHHS Maro
po3mipu 55 x 44 x 28 MM, OTOYEHE TOHKUM LLAPOM Cronyy-
HOI TKaHWHU, OXOMITIOBAIIO 3a[HI0 CTiHKY Tpaxei Ta M'a30Bui
wap CTiHKM cTpaBoxogy. B cnusoBy o6onoHky Tpaxei Ta
CTpaBoOXody NyxnvHa He nolumproBanacs [13].

3a3Bwyaii ckapru Ha aucdarito BUHUKatTb Y NaLjiexTiB,
SIKLLO MyXIMHA CTPaBOXOAY Mae po3mip 2 cM i binbLue. Taki
CUMMTOMM Sk gucnencis, 6inb y rpyasx, HyaoTa, oXpUnIicTb
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Puc. 3. Bisyanisyetbcs YncTuin nigcnuaosui wap nicns EMR.

Puc. 4. ErpodoTorpadbii nyxnuHw, wo nogibHa Ha kopiHHmii 3y6 (molar-shaped tumor). Factpockon Olympus GIF-H150X 3 Bigeonpouecopom CV-150.

BUMHVKAKOTb 3HAYHO pidLle Ta 3anexartb Bif nokanisauii
HOBOYTBOPEHHS.

3a faHMmm onucanmnx y daxosiii nitepaTypi BUNagKis
3KIT cTpaBoxoay, HayacTilLe BUSBNSAOTb HOBOYTBOPEHHS
po3mipom Big 5 MM 10 11 MM, npu Lsomy Y 95 % Bunaakis
MyXnuHa He nepesuLLye 2 cm [12].

[ig yac eHOOCKOMIYHOTO OrMAAY MyXMMHA Bidyani3yeTb-
€81 SIK BY30 i3 YiTKUMU MeXaM¥, LLiNbHO-eNacTUyHU, Lo
PO3TaLLOBYETLCS Y NACMM30BOMY LUAPi CTiHKW CTPaBOXOAY
[2,6]. MyxnuHa mae rnazky noBepxHo, YacTiLe 6ino-xoBTo-
ro abo XOBTOrO KOMbOPY, ane iHKoMM Moxe ByTH POXeBOtO
Ta cipoto. 3KI cTpaBoxogy MoxyTb 6yTh y dhopmi Tska 3
BY3MyBaTOK0 MOBEPXHEID; BY3Na, WO Mae BUIMsA4 nomino-
MoAi6HOrO YTBOPEHHS!; CXOXMMM Ha KOPiHHMIA 3y6 (molar-
shaped tumor) (puc. 4 A-B). Pa3om i3 Tum, B ycix BUnagkax
Lie nigcnmsoBa MyxJnHa LWinbHOT KOHCUCTEHLT, sika nerko
3MILLYETLCA Mif Yac IHCTPYMEHTarbHOI NanbnaLii 3a yMmoBwm,
L0 iHBa3is M'I30BOTO LUApy He Bigbynacs.

[JiarHocTuka 3KIM cTpaBoxody yTpyaHeHa, pyTUHHA eH-
[ockonivHa bioncis ManoiHgopmaTyBHa, OCKINbKW MyXnuHa
3a3BKYall NOKpPUTa HOPMarbHOK CRM30BOK 0BOMOHKOM.
Tak, npwn bioncii yTBOpEHHS CTPaBOXOAY €HAOCKONIYHNMM
wmnuamm giarHo3 3KIM BctaHoBneHo nvwe y 6 3 11 naui-
eHTiB [7].

3a kniHiyHMMKM pekomeHnaauiamu American Clinical
Guideline, nig yac giarHocTkW cybeniTenianbHUX ypaxeHb
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LLNMYHKOBO-KMLLKOBOTO TPAKTY HE PEKOMEHA0BAHO BUKOHY-
BaTW CTaHgapTHy eHpockoniyHy Gioncito Ans aiarHocTuku
Migcrm3oBuMX yTBOPEHB Yepes Te, Lo wunLi ans Gioncii 3a-
3BWYal He Aa0Tb 3MOTY B3SATW 3pa3ok rMubLue 3a Lwap cnu-
30BOi 0DOMOHKM LUMYHKOBO-KMLLKOBOIO TPaKTY, BHACTILOK
4Oro HepiaKo OTPUMYIOTb HEpenpe3eHTaTuBHI 3pasku [11].

PekomeHaytoTb BUAaneHHst crim3oBoi 060MoHkN Hag
MiZCNN30BMM YTBOPEHHSM 3@ [JOMOMOrolo Benukux 6io-
MCIHAX WWNLIB, @ NOTIM BUKOHAHHS! MOBTOPHMX GioNCilt y
Mexax AedeKTy cnu3oBoi 060MoHKM Ans cnpobu B3sTTA
cybeniteniansHoro 3paska [11]. Lien nigxig HasuBaeTbcs
TEXHIKOIO «YKYC-Ha-yKyC» | MOXe 3abe3neuunTyi KpaLLly SKicTb
3paskiB TKaHWH, Hix TOHKOrorIkoBa 6ioncist npy eHLoCKomMiY-
Hiln ynTpacoHorpadii (EYC). Btim, Bioncito «ykyc-Ha-ykyc»
HeobxigHo BukoHyBaTy nicns EYC i3 nigTBepmkeHHSM, L0
YPaXeHHs AiNCHO NiACNM30BE, HE € CyOUHHUM i He MOB'sI-
3aHe 3 BEMVKMMM CyauHaMu.

B onucaHomy kniHiyHOMY BUnagKy cTyniHyata bioncis
TakoX Aana 3mory OTpuMaTi He Tinbku parMeHTn cnv-
30B0i 0DONMOHKM CTpaBOXOAy, LU0 NOKpKBana niacnnose
YTBOPEHHS, ane 1 pparMeHTV Heonnagii, Nicns BUKOHAHHS
MaToriCTONOMYHOrO Ta iIMYHOrCTOXIMIYHOrO AOCHIMKEHHS
kol BcTaHoBneHo giarHo3 3K ctpasoxoay.

[Ona piarHocTuky 3KT cTpaBoxoay BaXvBe 3HaYeHHS
mae 3actocyBanHs EYC, o Aae 3mory BU3Ha4MTW PO3MipK
NYXIUHK, YTOYHUTK §T po3TaLlyBaHHs Ta rmubuHy iHBasii,
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3anyyeHHs nimcaTtyHKX By3nis. Hagani ue gactb 3amory
obpaty onTUManbHWiA Cnocib nikyBaHHS — €HAOCKOMIYHY
pesekL;ito Y XipypriyHe BuAAneHHs.

AHania pesynbratiB gocnigxeHHs 3KIT nig vac eH-
pockonii Ta EYC pae 3mory audepenuitoBatn 3KI1 Big
3r105KICHOT MyXTUHW, KiCTW cTpaBoxogy, Nninomu [14]. Paiwwe
BBaXanu, Lo andepeHuinHa aiarHocTtuka 3K i neiomiomm
3iHBa3i€l0 Y BNaCHy M’30BY MacTUHKy HeMoxnuea. OgHak
M. Iwamuro et al., gocnigusLuy coHorpadivHi NOKasHWKN
3K cTtpaBoxogy i AiarHOCTUYHY TOYHICTb LMX O3HaK,
BCTaHOBUNK: exoreHHicTb 3KIT aHanoriyHa exoreHHOCTi
MiACM30BOrO LWapy CTIHKW CTPaBOXOZY | 3HAYHO BULLA, HiX
y neviomiomun. ABTOpU AiNLLNWN BUCHOBKY, Lo EYC moxHa
BVKOPWCTOBYBATU NS AnPEepeHLinHoi giarHoctukm 3K
CTpaBoxogy Ta neromiom [12].

[ns octatouHoro giarHo3y 3KIT HeobxigHe ricTonoriv-
He Ta iMyHoricToxiMiyHe gocnigxerHs. TictonoriyHo 3KT1
BW3HaYaKTLCS SK NnacT abo «rHi3ga» KpynHUX moniro-
HanbHUX KINiTUH i3 HEBEMMKMMM OKPYTTIMM [iNEPXPOMHUMM
sApaMu Ta PSICHOK €03MHOMINBHO-3EPHICTOKD LMTONNas-
Mot0. Tyykn konareHOBMX BOJIOKOH 4acTO pO3dinstTb
KNiTMHW nyxnuHm [15]. 3a gaHumm imyHoricToximiyHoro
[OCRidKeHHs, BOHW no3uTueHi 4o S100 i CD68, HeraTueHi
wono aktuHy Ta CD117. ImyHoricToxiMmiuHe 3abapBreHHs
Ha 6inok S-100 nigTBepmxye NnepenbadyBaHe NOXOMKEHHS
3KI1 Big LWBaHHIBCHKUX KNITWH. [Ans AndepeHLiinHoi giarHoc-
Tk 3KIT i3 neiiomiomamu, LWBaHHOMaMK, MenaHoMamu
HEeobXiAHO BMKOHATW MOBHUIA CNEKTP IMYHOTCTOXIMIYHIX
gocnimkeHb: no Melan-A, aktuHy rmagkux m'asiB (SMA),
CD34, CD31, CD68, HMB-45, uutokepatuty ta S100.

[ig Yac enekTpoHHOMIKpOckoniYHOro AocnimkeHHs 3K
BUABNAOTb MieniHOMOAIOHI KaHanbLi, LmMTonnasMaTuyHi
BiZPOCTKM, LU0 OTOYEHi 6asanbHO NIacTMHKOK Ta po3Ta-
LLIOBaHi B LUapax LUBAHHIBCbKWX KMITUH [4].

Xoya 3KI1 3a3Buyait kniHiYHO Ta riCTOMOrYHO Ao-
OpOosKiCHI, NOBIAOMNANK TaKOX NPO 3MO0SAKICHI BUNAAKN
[6]. 3nosikicHa 3KIT cTpaBoxogy — Bkpaii pigkicHe 3no-
AKICHe HOBOYTBOPEHHS, LLO MOXOAUTL i3 NEiCMEKepPHUX
HepoeKkToAepMarnbHUX KIITUH MiLCMW30BOr0 CrIETEHHS
cTpasoxofy. IxHa yactota craHoeuTs 0,002-0,030 %
BiZl YCiX OMMUCAHMX 3MOSKICHUX MyX/IMH. 3aXBOPIOBaHHS
[iarHOCTYI0Tb NEepPEBAXHO Y XIHOK BiKOM noHap 50 pokiB.
3nosKiCHI MyXnnHY CTPABOXOAY 3a3B14al BENVKMX PO3MIpIB
(BinbLue Hix 4 cm) i WwWBKako pocTyTb. BeTaHoBMEHO, Lo
mynbTudokansHicTs 3KIM He cBigYMTL NPO NiABMLLEHMIA
pu3vK 3nosikicHocTi. 3 ycix 3apeecTpoBaHux Bunagkis 3KI1
ctpasoxogy 1,5-2,7 % € 3nosikicHumm [6].

BwiaHaueHo 6 ricTonoriyHux kpuTepiis Ans knacudikaii
anosikicHux 3KIT, LLo BKIKOYaoTb HEKPO3, BEPETEHOMOAIOHY
hopMy NYXAMHHWX KMITWH, NiOBULLEHE SAEPHO-LMTO-
nnasMaTyHe BiJHOLLIEHHS, MiABULLEHY LWBWUAKICTb MITO3Y
(=2/10 Benukux nonie 30py), 36inbLUEHNIA PO3MIp SAepeLb i
snepHvin nonimopdiam [14]. Ak 3nosKiCHi BUHAYMIM HOBO-
YTBOPEHHS, LLIO BiANOBifan TpboM abo binbLue HaBeaeHUM
KpUTepisM; Sk aTunoBi — OOHOMY YW [ABOM KpUTepiaM; a
Ti, WO He BigNOBiAanM XOQHOMY i3 Ha3BaHWX KPUTEPIIB,
knacudikyeanu sik sobposikichi [14].

Bpaxosytoum Te, Lo GinbLicTb Bunaakis 3KIM gobpo-
AKICHI, 3@ AaH1MK BiLAANEHOro CrOCTEPEKEHHS He 3adik-
COBaHO BUMaZKV peLamBIB y MaLieHTiB Micns XipypriYHoro
nikyBaHHs1 abo eH0CKOMIYHOrO BuAaneHHs (nepiog cno-
CTepexeHHs — Bif 6 MicauiB 4o 5 pokis). TakTuka BeAeHHs!

3anopisbkuit MeAnUHMIA XypHan. Tom 28, Ne 4(157), auneHb - cepnenb 2026 p.

NavjeHTiB 3anexwTb Bif PO3MIPIB NYXMMHM Ta HAsBHOCTI
03HaK i ManirHisadii.

Konwm 3KT mae po3mipu He GinbLue Hix 1 cm, He Mae
3M0SKICHWX O3HaK | HE CMIPUYMHSIE CUMATOMIB, EHAOCKOMIY-
HWA OrNAA 3LIACHIOTL OAMH pa3 Ha pik. Akwo 3KIM mae
po3mipyn 1 cM i GinbLue, LUBWAKO 36IbLLYETLCS, LLO BUAKNUKAE
MPUNYLLEHHS LWOAO 1T 3NOSKICHOCTI YW TpaHCMyparibHOro
pocTy, abo acouiioBaHa 3 cMnToMamu (gucdaris ToLo),
BOHa Mae OyTu B1aaneHa LIsiXoM eHA0CKOMIYHOT pesekuii
CI30BOI YK XipypriYHOro BTpyvaHHs [14].

Pa3oM i3 TUM, iHLLi 4OCIAHMKN PEKOMEHAYIOTb eHAo-
CKOMiYHe BUAaneHHs ycix (i HeBENuKUX, | 6E3CMMNTOMHMX)
YTBOPEHb, OCKIMbKM [OBPOSAKICHI Ta 3MOSKICHI ypaKeHHs
MOXYTb He Bigpi3HATICS 3a KMiHIYHUMM 03HaKkamu [6].

[Ons BupanenHs 3K giametpom 10-20 MM pekomeH-
[I0BaHO BUKOHYBaTU eHAockoniyHy pesekuito (EMR) abo
eHgockoniyHy nigcnusosy aucekuito (ESD). ns Benukux
3K crpasoxogy (>20 MMm) foHenaBHa BUKOHyBanm e3odar-
€KTOMIt0, ane CbOroAHi MifCI13oBy TYHENbHY EHAOCKOMYHY
pesekuito (STER) 3aiNCHIOIOTb, KONKU PO3MIp YPaKeHHs
craHoBUTb 20-30 MM Y fiameTpi B Mexax niacnn3oBol
0060MOoHKM [6].

XipypriiuHe BTpyyaHHs, BKMHOYaK0UM BiGe0oTOpaKoCKoMiY-
Hy Xipyprito Ta CTaHAapTHY BIAKPUTY Xipyprito, € HanbinbL
iHBa3VBHUM BapiaHTOM INiKyBaHHS 3 HAMBULLIOIO YacTOTO
ycknagHeHb. [okasaHHaMK [0 XipypriyHOro BTpyYaHHs
€ NPUMYLLEHHS NPO 3MOsiKiCHe HOBOYTBOPEHHS, rMnboka
iHBa3is, NPOTMMNOKa3aHHs! 40 eHAO0CKOMIYHOI AucekLii abo
MHOXMHHI 3KIT pi3Hux nokanisavin [14].

Y naujieHTa, KniHiYHWA BUNaaokK sikoro onucanu, 3K
KNiHIYHO He NPOSIBIANAach, LU0 TUMOBO AJ151 LIbOro 3aXBOPHO-
BaHHS1. YpaxeHHs BUSIBNEHO Mig Yac Bigeoesodaroractpo-
[AyoneHockonii, SKe BUKOHamNM, 3Baxatoun Ha HasiBHICTb Y
navjieHTa ckapr racTpOEHTEPOMNONYHOMO XapakTepy.

BucHoBKH

1. BusiBnenHst natonorii cnn3oBoi 060M0HKM OpraHiB
LUNYHKOBO-KWLLKOBOMO TPaKTy — BaXnuBe 3aBAaHHs Ans
€HO0CKOMIYHOrO OBCTEXEHHS, NiKap-eHAOCKOMICT NOBUHEH
MOCTIHO NiABWLLYBaTM CBill NPOCECIHNI piBeHb, 6yTy ro-
TOBWM [0 pO3Mi3HABaHHS MiHIManbHWX YpaxeHb i pigKiCHUX
naTosiorivHMX NPOLIECIB.

2. 3HaHHA MakpockonivyHux ocobnmeoctert 3KIM cTpa-
BOXOZY Ta AeTanbHuUiA LinecnpsiMoBaHuii ornsg Crim3oBoi
060noHKK N Yac e3odaroractpogyoaeHockonii AaTh
3MOry NPOBOAWTY AUEPEHLNHY AiarHOCTUKY BUSIBIIEHWX
3MiH caMe Mif Yac eHAO0CKONIYHOro JOCHIAKEHHS.

3. 3epHUCTOKMITUHHI NYXIMHW CTPABOXOLY — piakicHa
naTornorisi, Wo noTpebye peTenbHoi AiarHOCTUKK 3 BUKO-
HaHHsAM e30charoracTpoayoAEeHOCKONIi Ta eHAOCKOMYHOro
yNbTpa3ByKOBOro pocnimxeHHs. Ons nikysanHa 3KI
peKOMeH0BaHO BUKOPUCTOBYBATMU MiHiiHBa3WBHI METOAM
€HAO0CKONIYHOTO BUAAMNEHHS!, 30KpeMa eHAOCKOMIYHY KOB-
nayvkoBO-acuMCTOBaHy pesekuilo cnusosoi (cap-EMR) Ta
eHpockoniyHy nigcnunsosy ancekuito (ESD).

MepcneKTMBU NOAAAbLUMX AOCAIAKEHb. HeobxigHo
NPOLOBXYBATW BUBYEHHS MiHiiHBAa3MBHUX METOAIB BM-
[aneHHs niacru3oBKX YTBOPEHb CTPaBOXOAY Ta OpraHis
LUIYHKOBO-KULLKOBOTO TPaKTy Ans BU3HAYeHHs! HanbinbLu
6e3neyHoro Ta eheKTMBHOIO cnocoby.
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ETWuHe cxBaneHHSA

Martepian, HaBEAEHHI Y CTaTTi, € OPUTIHAABHOKD HayKOBOO

po6oTot0 KadeapH 3aranbHoi Xipyprii Ta NICASAUNAOMHOI XipypriuHoi
0CBiTM HaBYaAbHO-HAYKOBOrO iHCTUTYTY NiCASAMMAOMHOI OCBITH
3anopiabKoro AepXaBHOro MeAUKo-hpapMaLEBTUUHOTO YHIBEPCUTETY
Ta € PETPOCNEKTUBHUM aHaAI30M icTOpii XBOpPOOU NaLlieHTa, AKui
nepebyBaB Ha CTaLliOHapHOMY AikyBaHHi y 6aratonpodiabHoMy
XipypriuHomy BipaineHHi HHMLL «YHiBepcuTeTChka KaiHika» SAMOY.
Komicis 3 nutaHb 6ioeTnkn 3anopisabkoro AEPXaBHOTO MEAUKO-
hapMaLEeBTUYHOTO YHIBEPCHTETY PO3TAAIHYAG MaTepiaAu, HaBEAEHI Y
CTaTTi, NOPYLUEHb HEe BUABAEHO (MPOTOKOA Bia 16.04.2026 poky Ne 6).
MauieHT HapaB MMCbMOBY IHPOPMOBAHY 3rOAY Ha Y4aCTb Y AOCAIAKEHHI
Ta nybAIKaLLito aHOHIMI30BaHWX AGHHX.
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