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NoAall, ICTOPIS, IOBIJEI

NMporHo3syBaHHA pMBMKiB PO3BUTKY XUTTE3Arpo3/q1nBuXx CTaHiB

Cb0200Hi MeduyuHa docsiea€ MAkoz2o pisHs, KoJu
3’518/15110MbCsl peanbHi Moxcaugocmi He miabku diazHoc-
mysamu hamo.Jio2ii ma npozHo3ysamu ixHili po36uUmMoxk, a
i BusHayamu cmyniHs iMogipHOCMI pU3UKI8 BUHUKHEHHS
3ax60pH8AHL MA YCKAAOHEHb 6€3 IBHUX 03HAK. 3a805KU
a/s20pummam Ha ocHosi wmy4yHozo iHmeaekmy (L1) mu
OMPUMYEMO 3M02Yy KOHMpOK8amu ma nonepedxcamu
pusuku, siki doci Hepidko cnpuyuHsroms ¢amaavHi Ha-
cAlOKu.

lllupoke BHpoOBa/KeHHA TEXHOJIOTIM Ha OCHOBI iH-
dopmaniinux TexHosorik Ta Il go3BoauTh 3a3jase-
riib MporHo3yBaTH BUHUKHEHHS KaTacTPopiuHUX Mo-
Jlil, TPOBOJAWTH NpPEBEHTUBHI 3axX0/H, HANPaBJATH Ma-
LIIEHTIB JI0 CHeljia/Ji30BaHUX 3aKJaJiB A0 BUHUKHEHHS
rocTpux cTaHiB. 0CO6G/IMBY aKTya/IbHICTB 1je Ma€ caMe 3a-
pas, KoJIM peaJbHUH BIJINB BOEHHUX MOJIN HA 3/[0pOB’sl
JiIofled y HaloIMKYil Ta BifjlasieHil mepcrneKTUBI Bax-
KO CIPOI'HO3yBaTH, 0COBJIMBO cepef; BiliCbKOBHUX.

KuTta B ekcTpeMaslbHHUX YMOBAax IiJi MOCTiHHUM
CTpecoM BIVIMBA€ Ha po6OTY BCiX OpraHiB Ta CUCTEM Op-
raHi3My, IPOBOKYE 3aroCTPEeHHA XPOHIYHHUX i IPUCKOPIOE
PO3BUTOK HOBUX 3aXBOpIOBaHb. JII0ZMHa He 3aBX/H Bij-
Miva€ moripiieHHsl CTaHy 3/10poB’sl, 60 KUBe «Ha ajipe-
HaJliHi», a60 JeAKi CHMITOMHU CepHO3HUX 3aXBOPIOBAaHb
CIUCYIOThCS, HAPHUKJ/aJ, Ha BTOMY 44 BipycHi iHpekjl.
flKk HacJIiOK — BiAITepMiIHOBaHI rocTpi NposiBY 3aXBOPIO-
BaHb i3 BAXKKMMHU HaCJIiJKaMH.

Be3yMoBHO, BiliCbKOBi MPOXO/sATh CTAaHAAPTHI JAiarHoc-
TUYHI 0OGCTeXeHHS IIOTOYHOTO CTaHy 3/10pOB’A. AJie 1bO-
ro HeZlOCTaTHLO JJI1 TIPOrHO3YBAaHHA PU3UKIB PO3BUTKY
CepLEeBO-CY/IMHHUX MO/iH — iHpapKTiB, iHCY/IBTIB Ta IHIINX
3axBOpIOBaHb. CKPUHIHT pU3UKIB Ma€ MPOBOJUTUCS B YCiX
JIIKyBa/IbHUX 3aKJ1a/jaX, KyZIU IOTPaIIsi€ BiCbKOBUI: rOC-
niTassax, GUBIIBHUX JIIKapHAX, @ TaKOXK peabisiTaniiHux
LeHTpax. CborofiHi MM MaeMO MOXJIMBICTb 3alIpOBa/>KyBa-
TH JIOCTYTIHI YHipiKOBaHI aJIroOpuTMH aHasli3y CTaHy opra-
Hi3My 3 IPOrHOCTUYHOIO OL[iHKOK PU3UKIB.

B ijeani MM MaeEMO OTpHUMaTH NPOCTUH AJITOPUTM
BU3HaUYeHHA PU3UKIB PO3BUTKY THUX YU IHLIUX XKUTTE3A-
IPO3JIMBHX CTaHIB /10 MEPIINX MPOSABIB a60 MpU HesIBHIN
CUMITOMATHUIl Ha OCHOBI yHipikOBaHUX [AOCJi/PKEHD.
[Ipu mocTym/IeHHi MalnieHTa y crenianizoBaHU# 6araTo-
npodisbHUM JiKyBaJbHUH 3aK/1a/] 60 peabinmiTaniiHui
LIeHTp HOMy MalTbh NPOBOAUTUCA NMEBHI JOCIiKeHHs,
3a IapaMeTpaMu AKHUX y IporpaMi Ha OCHOBI LITYYHOTO
iHTesIeKTy Oy/ile TPOpPaxoByBaTHUCSA UMOBIPHICTb PO3BHU-
TKYy I€BHUX 3aXBOPIOBaHb, & TAKOX BaXKICTb IXHbOIO
nepebiry B 3aJIeXKHOCTI BiJi 3arajibHOTO PiBHIO 3[J0POB’sl
naiieHTa.

Ha ocHOBI K/IiHIYHUX JOCHIKEHb, BHECEHUX Y MeJU4-
Hi iHdopMaliliHi cucTeMH Pi3HUX YCTAHOB, MU MOKEMO
3a gonoMorow iHcTpyMeHTiB LIl cTBOproBaTH anropur-
MU BU3HA4YeHHsI PU3UKIB PO3BUTKY Ta KMOBIpHOCTI po-
fIBy THUX YU IHIIMX 3aXBOploBaHb. B HanioHasnbHOMY iH-

CTUTYTI cepLeBo-CyAUHHOI Xipyprii imeni M.M. AMocoBa
BXKe CTBOPEHO CHUCTEMYy IOBHICTHO aBTOMAaTHU30BaHOIO
PaHHLOTO BUABJIEHHA NaLi€HTIB i3 BUCOKUM PU3UKOM
PO3BUTKY CEpHO3HMUX YCKJaJHeHb, TaKUX K ToCTpi
MOpYILIEeHHsI MO3KOBOTO Ta KOPOHApHOTO KpPOBOOOGIry.
HacTynHuil Kpok - BUsIBJIEHHA NMALi€HTIB i3 BUCOKOIO Bi-
POTiHICTIO PO3BUTKY HUPKOBOI HEJOCTAaTHOCTI.

Bukopucrtanusa I, 3okpemMa B MeU4HUX iHPOpMa-
LiMHUX CUCTEMAX, CTBOPIOE SIKICHO HOBUM iHHOBaLiHHU I
LJISIX YIIPaBJIiHHSA pi3HOMaHITHUMU mpoljecamMu y chepi
OXOPOHHU 3/10pPOB’d, B ONlepAaTHUBHIN po6OTi 3 OTY>KHUMH
MacUBaMHU JaHUX i3 BUKOPUCTAHHAM 3HAYHO MEHILOIO
BUCOKOBAPTICHOI'O pecypcHOro 3abe3neyeHHs.

Cy4yacHa MeaMLMHA IOKU Le He rOTOBAa A0 KOMII-
JIEKCHOTO BUDIillyBaHHS 3aB/aHb 36epeeHHs 3/J0pOB’sl
JIIDJIMHU Ha NepCleKTUBY Ta NOBHOLIHHOTO BiZiHOBJIEH-
HA LjijicHoro 30poB’s. Lle 3aTpaTHO Ta opraHizaniiHo
CKJIaJIHO JIJI1 MacoOBOI'0 BIIPOBA/PKeHHs. AJie MU BXKe CTa-
BMMO Taki 3aBJJaHH$, IPONOHYEMO BiJHOCHO IPOCTi Ta
HeJl0pori TeXHOJIOTII.

Binbuiicte Jsroged cborojgHi roTroBi BKJA3AATU B
3/10pOB’sl, Bi/JHOBJIEHHSI Ta NONepePKeHHS PU3UKOBUX
CTaHiB, ajle He0OXiZJHO YiTKO 3HATH, HAa YOMY caMe BapTo
MepIll 3a BCe 30CEPeIUTHCH, SIKi € Hal6iIbIIi 3arpo3u Ta
pusuku. ToMmy noTpi6HO $opMyBaTH MONUT HA TaKi Mo-
CJIyTH, 1K BU3HA4YeHHS PU3UKIB 1 3arpos.

Ha »xanb, BUMylLIeHUM 3a3HAYUTH, 3aTaJIbHUN CTaH
3/10pOB’sl Mal[i€EHTIB-BilICbKOBUX, 1[0 OCTYMAKTh HA Jii-
KyBaHH# y BiJiliJleHHI BOEHHOI Kapzioxipyprii IHcTuTy-
Ty AMOCOBa CyTTEBO NOTiPIIYETHCS. 36i/bIIYETHCS Kijb-
KOCTi BaXKKUX i 3aHe/i0aHUX pO3JI1a/liB ceplieBO-CyAUHHOI
cUCcTeMU. 3HAYHO OOTSXKYE CTaH MallieHTIB LYKPOBHUU
Jiabet 2 Tumy. /[lyxe Typ6ye 3pocTaHHSI iHPeKIiHHUX
3axBOPIOBaHb cepe/ BilicbkoBUX. OCOGJIMBO CEPHO3HOI0
Mpo6JIeMOI0 € ICUX0-eMOLITHUIM CTaH BilCbKOBUX. | TYT
Ha/I3BUYaHHO BaXK/JIMBUM KPOKOM i3 60ky MO3 € popmy-
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BaHHs Mepexi IIeHTPiB MeHTa/JIbHOTO 3/I0pPOB’s, BIIPOBa-

JOKeHHs 3 iHinjaTuBa nepuoi sieai OseHu 3eseHCbKOI
BceykpaiHcbkoi mporpaMu MEHTaJIbHOTO 3]I0pOB’s
«Tu g9K?»

Meau4Hy cucTeMy Ta CyCIHiJIbCTBO OYiKYyIOTh cep-
103Hi BUTPOOYBaHHS MiC/Is1 TOBEPHEHHS 10 3BUYANHO-
ro >KUTTA JI0JieH, SKi AeKiJibKa POKiB KHUJIM «Ha ajipe-
HasTiHi» B yMOBaX IMOCTiHHOro cTpecy 6e3 CBO€YacHOI
KOMIIETEHTHOI MeJUYHOI lonoMoru (MoBa H/ie He Tpo
PATYBaHHSA XUTTA Ta JIIKYBaHHS CUMIITOMIB /ISl IUBU/I-
KOr'0 MOBEPHEHHS Y CTPiH, a Mpo Bi/{HOBJIEHHS 3/10POB’sl
B I[iJIOMY).

OT>Ke MPOrHO3YBaHHs PU3UKIB Ta cTpaTUdiKallig na-
Li€EHTIB 32 KMOBIPHICTIO BUHMKHEHHSI BEJMKHUX Ceplie-
BUX MO/ € KPUTUYHO BaXKJIMBOIO CKJIaJJ0BOIO IIOCTOTO
pPiBHA pO3BUTKY MeAUYHOr0 NaTepHasli3aMy, Ha SKOMY
CBiTOBa MeJiM4YHa rajy3b 3HaX0UTbCA CbOTOJHI.

MerTa 11i€l nmy6JtiKalii — miHATH Ta 3arOCTPUTH I[10
npo6JieMy, IPUBEPHYTH /10 Hei yBary rpoMa/iCbKOCTi
¥ mokas3aTH WIaXy BupimeHHd. Lle TeMa, Ky BapTo
po3rasaaTtu Ha piBHi HAMH Ykpainu Ta noyaTu peasi-
30BYBaTH 4yepes MiJIOTHI NPOEKTH i3 3a/ly4eHHAM Me-
JUYHUX YCTAHOB Pi3HOTO piBHA Ta NiANOPAAKYBaHHS.

Bacusvw JIA30OPHIIIHHEIIB,

akademix HAMH Ykpainu,
usneH-kopecnoHdenm HAH Ykpainu,
npesudenm HayioHaavHoi akademii
MedUYHUX HayK YKpaiHu,

dupexmop /Y «HayioHaavHutll iHcmumym
cepyego-cyduHHoi xipypaii

imeHi M. M. Amocosa HAMH Ykpainu»,
3aesidysau kagedpu xipypeii cepys

ma MmazicmpaasHux cyouH
HayioHasnbHo20 yHIBepcumemy

0X0pOHU 300pos’s Ykpainu imeHi I1. JI. Lllynuka.
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Risk Factor Associated Coronary Artery Calcium Score in Diabetes Patients

Abstract

Background. Diabetes mellitus (DM) is associated with an increased risk of coronary artery disease (CAD)
and vascular calcification, although the mechanism of action remains complex. Coronary artery calcium (CAC)
scoring is non-invasive method to assess subclinical atherosclerosis in this high-risk population.

Aim. To analyze the association between cardiovascular risk factors and CAC scores among diabetic patients.

Materials and Methods. This cross-sectional study included 52 diabetic patients recruited from the Cardiology
Clinic of Wahidin Sudirohusodo General Hospital, Indonesia. Data on demographic characteristics, body mass
index (BMI), blood pressure, dyslipidemia, family history of CAD, and HbA1c levels were collected. CAC scoring
was performed using non-contrast ECG-gated CT, and results were categorized using the Agatston method.
Statistical analyses included Spearman correlation, Mann-Whitney U test, and multivariate regression tests.

Results. The majority of patients were male (65.4 %) and under 60 years (82.7 %). High CAC scores (>400)
were observed in 61.5 % of patients. A significant positive correlation was observed between HbAlc and total
CACscore (r=0.317; p=0.022). In multivariate analysis, HbA1lc remained an independent predictor of elevated
CAC scores (p < 0.05), while hypertension was also significant in partial models. Other factors, including BMI,
dyslipidemia, age, and family history of CAD, were not significantly associated with CAC scores.

Conclusions. Coronary artery calcification is highly prevalent among diabetic patients, including younger and
non-obese individuals. HbA1c and hypertension were key predictors of CAC burden. These findings underscore
the need for optimal glycaemic and blood pressure control, along with consideration of CAC screening for early
cardiovascular risk stratification in diabetic populations.

Keywords: Diabetes Mellitus, Coronary Artery Disease, Calcium Score, Hypertension, HbAlc.

Introduction. Diabetes mellitus (DM) is a chronic
metabolic disorder characterized by persistent hyper-
glycemia due to impairments in insulin secretion, insu-
lin action, or both [1]. Hemoglobin Alc (HbAlc) is a key
biomarker for assessing long-term glycemic control and
is widely used for the diagnosis and management of dia-
betes [2]. Among the most serious complications of DM
is atherosclerosis, which involves the buildup of plaques
within the arterial walls and significantly increases the
risk of Coronary Artery Disease (CAD) [3].

The standard diagnostic tool for detecting athero-
sclerosis is angiography, which provides direct visualiza-
tion of arterial narrowing or obstruction [4]. In addition,

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

non-invasive imaging methods such as Coronary Artery
Calcium (CAC) scoring using computed tomography (CT)
have become valuable in evaluating CAD risk. CAC scor-
ing quantifies calcified plaque in the coronary arteries,
offering an estimate of subclinical atherosclerosis sever-
ity [5]. Several studies have demonstrated a strong link
between elevated HbA1c levels and increased CAD risk,
as poor glycemic control contributes to vascular damage
through inflammatory processes, oxidative stress, and
endothelial dysfunction [6,7].

Furthermore, risk factors such as age, gender, body
mass index (BMI), hypertension, smoking, dyslipidemia,
family history of heart disease, and kidney dysfunction
are also known to interact and amplify the risk of CAD
in individuals with diabetes [8]. While CAC scoring pro-
vides an effective method for assessing calcified plaque
burden, it does not directly visualize arterial narrowing.

YKpaiHCbKUI )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



Riffatiyani Arsyad / Risk Factor Associated Coronary Artery Calcium Score in Diabetes Patients 11

In contrast, CT angiography (CTA) offers detailed three-
dimensional imaging of coronary artery structure and
stenosis using contrast media [9], while coronary angi-
ography (CAG) remains the invasive gold standard for
directly detecting vascular blockages [10].

The use of CAC scoring as an early risk stratification
tool offers significant prognostic value, particularly for
diabetic patients, by identifying those at higher risk of
developing CAD before clinical symptoms emerge [11].
Understanding the factors related to CAC scores in this
population is crucial for refining risk assessment and
developing targeted interventions. Therefore, this study
aims to analyse the determinants of calcium score values
in patients with diabetes mellitus at risk of CAD, with the
goal of improving cardiovascular disease prevention and
management strategies in this vulnerable group.

Materials and Methods

Study design and participants. This study was an
observational analytic study with a cross-sectional de-
sign. The research was conducted 1 year from January
2024 to January 2025 at RSUP Wahidin Sudirohusodo.
A structured questionnaire was utilized to gather socio-
demographic information from the study participants.
The factors analyzed were gender, age, blood pressure,
HbA1c value, BMI (body mass index), history of dyslipi-
demia, and family history of CAD. Anthropometric meas-
urements - including height (in centimeters), weight (in
kilograms), and body mass index (BMI) were obtained
using standardized procedures and calibrated instru-
ments. BMI was calculated by dividing body weight in kil-
ograms by the square of height in meters (kg/m?). HbAlc
levels were measured using a standardized method by
the National Glycohaemoglobin Standarization Program
(NGSP) and the Diabetes Control and Complications Trial
assay (DCCT).

Calcium Scoring Protocol Coronary artery calcium
quantification was conducted using non-contrast ECG-
gated computed tomography (CT) scans. The Agatston
Score was used to classify the severity of calcified plaque
as follows: Score 0: No plaque detected, Score: 1-10,
Minimal plaque Score:11-100, Mild plaque Score: 101-
400, Moderate plaque, Score >400. Extensive plaque bur-
den. Patients with a calcium score exceeding 400 were
considered at high risk and referred for further coronary
angiography, where clinically indicated.

Sample and Eligibility Criteria. Samples were col-
lected using consecutive sampling. Eligible subjects who
met the inclusion criteria and visited the Cardiology Clin-
ic at the Integrated Heart Center during the study period
were consecutively recruited until the required sample
size was achieved. Subjects who met the exclusion crite-
ria were excluded from participation.

The inclusion criteria were all patients diagnosed
with diabetes mellitus aged over 18 years attending the
Cardiology Clinic at the Integrated Heart Center, Wahidin
Sudirohusodo General Hospital, Makassar. Patients with
a history of specific kidney diseases or chronic kidney
disease, heart diseases other than coronary artery dis-

ease (such as valvular heart disease and congenital heart
disease), and those with severe complications, including
severe infections and organ failure -were excluded.

Ethical consideration. Ethical approval was ob-
tained from the Health Research Ethics Committee of
Hasanuddin University, Makassar, Indonesia, with the
approval code/reference number [282/UN4.6.4.5.31/
PP36/2025]. Informed consent was obtained from all
participants (or their legal guardians if applicable) after
a thorough explanation of the study objectives, proce-
dures, risks, and benefits. Confidentiality and anonymity
of the participants were ensured throughout the study,
and data were used solely for research purposes.

Statistical analysis. Data were analyzed using SPSS
for Windows, version 26.0. Statistical analysis includ-
ed the Spearman correlation test, Chi-square test, and
Mann-Whitney test, p-value <0.05 was considered statis-
tically significant, indicating an association between the
studied factors and calcium score values in diabetic pa-
tients. The results were presented in narrative form and
supported by tables and figures.

Results. A total of 52 patients who met the inclusion
criteria were initially enrolled in this study to assess the
role of risk factors for increasing the Calcium Score in
Diabetes patients. Baseline characteristics of the study
population, including age, gender, BMI, blood pressure
status, dyslipidemia, and CAC score categories, are sum-
marized in table 1. The majority were men (65.4 %),
while women accounted for 34.6 %. Most subjects were
younger than 60 years (82.7 %), with only 17.3 % aged
60 years or older. In terms of body mass index (BMI),
28.8 % were classified as obese, while the remaining
71.2 % were non-obese. Hypertension was present in
54.5 % of the patients, and dyslipidemia was reported in
61.5 %, indicating a high burden of cardiovascular risk
factors. A family history of coronary artery disease (CAD)
was noted in 25 % of participants. Regarding coronary
artery calcium (CAC) scores, the majority of patients fell
into the high-risk category (61.5 %), followed by 36.5 %
with mild risk, 1.9 % with low risk, and no patients with
a score indicating no risk.

Table 2 summarizes the mean calcium scores in rela-
tion to gender, age, blood pressure status, history of dys-
lipidemia, and family history of coronary artery disease
(CAD). Participants younger than 60 years exhibited a
slightly higher mean score (443.30) compared to those
aged 60 years and above (426.22); however, but this was
not statistically significant (p = 0.748). Subjects with hy-
pertension demonstrated a significantly higher mean cal-
cium score (483.99) relative to those without hyperten-
sion (393.20) (p = 0.020). Although participants with a
history of dyslipidemia had a higher mean score (461.19)
than those without (406.99), this difference did not
reach statistical significance (p = 0.185). Regarding body
mass index (BMI), obese individuals had a lower mean
calcium score (407.60) compared to non-obese subjects
(453.62), though this difference was not significant. Pa-
tients with a family history of CAD showed a higher mean
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Table 1
Characteristics of study population

Table 2

Risk Factor Profiles Associated With Coronary Artery
Calcium score in Diabetes Mellitus

Variables Categorical n % *Independent T-Test
Gender Woman 18 34.6
ende Man 34 65.4 Variables Calciumscore n  Mean SD p
Age <60 years 43 82.7 Conder Man 34 44085 12753 oo,
260 years El 17.3 Woman 18 44007 151.96
IMT NOSbObese i’; ;éé rae <60years 43 44330 14370 ..
ese. : 9 >60years 9 42622 14539
Blood pressure Hypertension 30 54.5 Hypertension 27 48399 152.47
Non Hypertension 25 45.5 Blood N 0.020*
Yes 32 61.5 pressure H on 25 39320 116.74
Dyslipidemia No 20 25 ¢ ypertension
: o Yes 32 46119 14126 .
Yes 13 25 Dyslipidemia N 20 406.99 0.185
CAD family history No 39 75 0 99 14213
: T Obese 15 40760 6589 ...
N‘L’ risk ‘13 109 Non Obese 37 45362 162.88
. ow .
Calcium score Mild 19 36,5 CAD Family Yes 13 482.54 109.54 0.917*
High 32 615 History No 39 42613 15070

score (482.54) compared to those without such a history
(426.13), but not statistical significance (p = 0.217).

The results of the correlation between HbAlc level
and calcium score (Figure 1). Spearman’s correlation
analysis revealed a statistically significant positive rela-
tionship between Total Calcium score and HbAlc levels
(r =0.317; p = 0.022). This indicates that higher HbAlc
values are associated with higher coronary artery cal-
cium scores, although the strength of this correlation is
relatively weak.

Discussion. This study was conducted among diabet-
ic patients, of whom 65.4 % were male and 82.7 % were
under 60 years of age, indicating that cardiovascular risk
in diabetes is substantial even among younger adults.

This is consistent with data from the American Diabetes
Association, which reports higher macrovascular compli-
cations in men and early atherosclerosis onset in younger
diabetics due to prolonged hyperglycemia exposure [12].
Similar findings were reported by Santos-Gallego et al,,
demonstrating early coronary calcification in young dia-
betic population [13].

Despite a predominance of non-obese individuals
(71.2 %), high coronary artery calcium (CAC) scores
were frequent, supporting the concept of metabolically
obese normal weight (MONW) individuals, as described
in previous studies [14,15]. Hypertension was observed
in 54.5 % of subjects, reinforcing its role as a major con-
tributor to vascular calcification. Whelton et al. previ-

Calsium Score dan HbAlc

12.00 o

10.00 1=} 1]

HbAlc
°

8.00 p s

R2
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600.00 800.00

Calsium Score

Figure 1. Correlation between HbA1C level and Calcium score (r=0.317; p = 0.022)
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ously demonstrated a twofold increase in coronary risk
among diabetics with hypertension [16]. Dyslipidemia
was also prevalent (61.5 %), consistent with previous
studies that underscored its central role in plaque forma-
tion and calcification [13]. Notably, despite only 25 % of
participants reporting a family history of coronary artery
disease (CAD), elevated CAC scores were widespread,
emphasizing the predominant role of modifiable risk fac-
tors over genetics [16].

Our study showed a significant positive correlation
between HbAlc and CAC score (r = 0.317, p = 0.022),
supporting previous studies linking glycaemic control to
vascular calcification. This correlation, although weak,
indicates that higher HbAlc levels - as an indicator of
long-term glycaemic control - are associated with higher
coronary calcium scores, which reflect the degree of cal-
cification or subclinical atherosclerosis in the coronary
arteries. These findings confirm that poor glycaemic con-
trol in diabetic patients may be a key factor in accelerat-
ing the process of vascular calcification, which marks the
early stages of coronary heart disease.

Physiologically, high and prolonged blood glucose lev-
els cause oxidative stress, activation of inflammatory path-
ways, and endothelial dysfunction, all of which contribute
to the formation of atherosclerotic plaque and arterial cal-
cification. Hyperglycemia also increases the production of
advanced glycation end products (AGEs), which enhance
calcium deposition on the blood vessel wall. Guyton and
Hall (2021) explained that AGEs and chronic inflammato-
ry reactions accelerate vascular damage typical of diabetic
patients. Therefore, HbAlc as a chronic glycemic marker
has predictive value for the progression of atherosclerosis.
Zhang et al. [17] demonstrated accelerated CAC progres-
sion in patients with HbA1c 28 %, while the last study con-
firmed HbA1c as an independent predictor of CAC, even
after adjusting for other risk factors [18,19]. The modest
correlation observed in this study may reflect the multifac-
torial nature of calcification [20].

Multivariate analysis revealed hypertension and
HbAlc as the strongest predictors of CAC score, while
dyslipidaemia, BMI, age, and family history were not
significant. These findings align with those of Saeed
et al. and Al-Mallah et al., who reported that metabolic
and haemodynamic factors, rather than traditional risk
markers, primarily drive calcification in diabetic popula-
tions [19,16]. Although a statistically significant positive
correlation was observed between HbA1lc and total CAC
score (r = 0.317; p = 0.022), the strength of this associa-
tion was weak to moderate. This finding underscores that
while poor glycaemic control contributes meaningfully to
coronary calcification, diabetes alone is not the sole de-
terminant. Other metabolic and haemodynamic factors
likely interact to influence the development and progres-
sion of subclinical atherosclerosis in this population.

Strengths and Limitations. The strengths of this
study include the comprehensive assessment of multiple

cardiovascular risk factors and their relationship with
coronary artery calcium (CAC) scores in a real-world
diabetic population. The inclusion of both inpatient and
outpatient subjects provides a broader perspective on
disease burden. Additionally, the use of CAC scoring, an
established and validated predictor of cardiovascular
events, strengthens the clinical relevance of the findings.
The analysis also incorporated multivariate models to
adjust for potential confounders, enhancing the robust-
ness of the associations observed between hypertension,
HbA1c, and CAC scores.

However, several limitations should be acknowl-
edged. First, the cross-sectional design precludes causal
inferences and limits the ability to assess progression
over time. Second, the sample size was relatively mod-
est, which may have reduced the statistical power to de-
tect associations with variables such as dyslipidemia and
BMI. Third, data on medication use, including statins and
antihypertensive agents, were not fully controlled, which
could have influenced CAC scores. Additionally, factors
such as diabetes duration, physical activity, and dietary
patterns were not included, which may confound the re-
lationship between metabolic factors and vascular calci-
fication. Lastly, the study population was derived from a
single center, which may limit generalizability to other
populations.

Conclusions. This study found that HbAlc is an in-
dependent predictor of coronary artery calcium (CAC)
score in diabetic patients, with hypertension also exert-
ing a significant influence. Although the correlation be-
tween HbAlc and CAC was statistically significant, its
weak-to-moderate strength suggests that diabetes is a
key, but not exclusive, contributor to coronary calcifica-
tion. These findings underscore the multifactorial nature
of atherosclerosis and highlight the importance of com-
prehensive cardiovascular risk assessment beyond gly-
caemic control alone.

Acknowledgments

The authors would like to express their sincere grati-
tude to Wahidin Sudirohusodo Hospital for its valuable
support and contributions to this research. We are also
thankful to our colleagues for their insightful comments
and suggestions, which greatly improved the quality of
this manuscript.

Authors’ Contributions

RA: Validation, visualization, formal analysis, writ-
ing - original draft. KS: Conceptualization, writing-re-
view & editing. MA: Conceptualization, software, supervi-
sion, validation, visualization, writing-review & editing.
AZ.: Data curation, investigations.

Conflict of Interest
The authors declare no conflicts of interest related to
the research, authorship, or publication of this article.

YKpaiHCbKUIA )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



14

lwemiyHa xBOpO6a cepus

CnuCcOK BUKOPUCTAHOI JIiTepaTypu
References

=

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

Diagnosis and classification of diabetes mellitus. Diabetes Care. 2013;36(1):S67-74. https://doi.org/10.2337/dc13-S067
Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK. Significance of HbA1c Test in Diagnosis and Prognosis of
Diabetic Patients. Biomark Insights. 2016;11:95-104. https://doi.org/10.4137 /BMI1.S38440

Zakir M, Ahuja N, Surksha MA, Sachdev R, Kalariya Y, Nasir M, et al. Cardiovascular Complications of Diabetes: From
Microvascular to Macrovascular Pathways. Cureus. 2023;15(9):e45835. https://doi.org/10.7759/cureus.45835.

Csore ], Drake M, Roy TL. Peripheral arterial disease treatment planning using noninvasive and invasive imaging methods.
] Vasc Surg Cases Innov Tech. 2023;9(4):101263. https://doi.org/10.1016/].jvscit.2023.101263

Lima MR, Lopes PM, Ferreira AM. Use of coronary artery calcium score and coronary CT angiography to guide
cardiovascular prevention and treatment. Ther Adv Cardiovasc Dis. 2024 Jan-Dec;18:17539447241249650.
DOI: 10.1177/17539447241249650

Kayali Y, Ozder A. Glycosylated hemoglobin Alc predicts coronary artery disease in non-diabetic patients. ] Clin Lab Anal.
2021 Feb;35(2):e23612. https://doi.org/10.1002 /jcla.23612.

Chen S, Shen Y, Liu YH, Dai Y, Wu ZM, Wang XQ, Yang CD, Li LY, Liu JM, Zhang LP, Shen WF, Ji R, Lu L, Ding FH. Impact
of glycemic control on the association of endothelial dysfunction and coronary artery disease in patients with type 2
diabetes mellitus. Cardiovasc Diabetol. 2021 Mar 13;20(1):64. https://doi.org/10.1186/s12933-021-01257-y.

Budoff MJ, Nasir K, McClelland RL, Detrano R, Wong N, Blumenthal RS, Kondos G, Kronmal RA. Coronary calcium predicts
events better with absolute calcium scores than age-sex-race/ethnicity percentiles: MESA (Multi-Ethnic Study of
Atherosclerosis). ] Am Coll Cardiol. 2009 Jan 27;53(4):345-52. https://doi.org/10.1016/j.jacc.2008.07.072.

Ghekiere O, Salgado R, Buls N, Leiner T, Mancini I, Vanhoenacker P, Dendale P, Nchimi A. Image quality in coronary CT
angiography: challenges and technical solutions. Br ] Radiol. 2017 Apr;90(1072):20160567. https://doi.org/10.1259/
bjr.20160567.

Kato Y, Ambale-Venkatesh B, Kassai Y, Kasuboski L, Schuijf ], Kapoor K, Caruthers S, Lima JAC. Non-contrast coronary
magnetic resonance angiography: current frontiers and future horizons. MAGMA. 2020 Oct;33(5):591-612. https://doi.
org/10.1007/s10334-020-00834-8.

Shreya D, Zamora DI, Patel GS, et al. Coronary Artery Calcium Score - A Reliable Indicator of Coronary Artery Disease?.
Cureus. 2021;13(12):e20149. Published 2021 Dec 3. https://doi.org/110.7759/cureus.20149

Nuha A. ElSayed, Grazia Aleppo, Vanita R. Aroda. et al. Improving Care and Promoting Health in Populations: Standards of
Medical Care in Diabetes—2023. Diabetes Care. 2023;46(1): S1-S291. https://doi.org/10.2337/dc23-S001
Santos-Gallego, C. G., Picatoste, B., & Badimon, |. ]. Diabetic dyslipidemia: From mechanisms to treatment. Current
Atherosclerosis Reports. 2022;24(1):1-12. https://doi.org/10.1007 /s11883-022-00960-5

Ruderman N, Chisholm D, Pi-Sunyer X, & Schneider S. The metabolically obese, normal-weight individual revisited.
Diabetes. 1998;47(5):699-713. https://doi.org/10.2337 /diabetes.47.5.699

Nurhayati A, Suryadinata H, & Ramadhani F. Hubungan faktor risiko dengan kejadian penyakit jantung koroner pada
pasien diabetes melitus di rumah sakit rujukan provinsi. Jurnal Kesehatan Masyarakat Nasional. 2021;15(4):237-244.
https://doi.org/10.21109/kesmas.v15i4.5289

Whelton PK, Carey RM, Aronow WS, et al. 2021 ACC/AHA guideline for the prevention, detection, evaluation, and
management of high blood pressure in adults. Hypertension. 2021;77(4):e87-e120. https://doi.org/10.1161/
HYP.0000000000000190

Guyton AC, & Hall JE. Textbook of Medical Physiology. (14th ed.). Philadelphia: Elsevier; 2021.

Zhang L, Wang Y, & Chen Y. The association of HbAlc levels with progression of coronary artery calcium in patients
with type 2 diabetes: a 2-year follow-up study. Diabetes & Vascular Disease Research. 2023;20(1):1-9. https://doi.
org/10.1177/1479164123111110

Saeed A, Lgnborg |, & Kelbaek H. HbA1c is associated with coronary artery calcium score and subclinical atherosclerosis
in asymptomatic type 2 diabetes patients. Cardiovascular Diabetology. 2022;21:72. https://doi.org/10.1186/s12933-
022-01520-4

Iwasaki T, Nakajima T, Nishida Y, Sakamoto T, & Yamaguchi O. Association between Hypertension and Coronary
Artery Calcification in Patients with Type 2 Diabetes Mellitus: A Cross-Sectional Study. Journal of Atherosclerosis and
Thrombosis. 2022;29(5):632-640. https://doi.org/10.5551 /jat.61418

MakTopu puUsuKy, NOBA3aHI 3 NOKa3HMKOM KOPOHAPHOr0 KaJbLLil0 Yy XBOPUX Ha Aiaber
Piddariani Apcant, Xania Canex?, Makmyn AmMan?, AnbiaH 3aiHyaain?

! Kadenpa BHYTPilHBOI MeanUMHM, Meanunmii hakynsTeT, YHiBepeuTteT XacaHyaaina, Makkacap, IHaoHesia

2 Kacenpa rpoMachbkoro 340poBs Ta CiMEMHOT MeamumHmu, MeanyHuii dakynbTeT, YHiBepcuTeT XacaHnyaaina, Makkacap, lHaoHesis

Pesrome

Beryn. lykpoBuii gia6et (LI/]) nos’ss3aHuil i3 3HAYHUM MiJIBULIEHHSAM PU3UKY PO3BHUTKY KOPOHApPHOI XBOPO-
6u cepusa (KXC) yepes mexaHi3Mu cyauHHOI Kanbuudikalii Ta arepocksieposy. OLiHKa Kajblilo B KOpPOHAPHUX
aprepisax (CAC) € HafiiHUM, HeiHBa3UBHUM MeTO/IOM /Il PAHHBOTO BUSABJIEHHS CYOKJ/IIHIYHOTO aTepoCcK/Iepo3y y
NaLieHTIB 3 MiABUIIEHUM CepLeBO-CYAUHHUM PU3UKOM.
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Mera. [IpoaHanisyBaTu B3aEMO3B’sI30K MiXK paKkTOpaMU cepleBO-CyJUHHOI'0 PU3UKY Ta nokasHukamu CAC y
Mali€eHTIB i3 fiabeToM.

Marepiasim Ta MeToau. [lonepeyHe JOC/TiP)KeHHs BKJIOYaJ0 52 A0pPOC/IMX NALiEHTH 3 AiabeToM, Ki mpo-
xonuan obcrexxeHHs1 B Kapgiosoriuniit kuinini 3aranbHoi sikapHi Baxigin Cyaipoxycosmo, IHaoHesis. 36upa-
JIUCh JaHi mpo JeMmorpadidyHi XapaKTepUCTHKH, iHAekc Macu Tina (IMT), mokasHMKHM apTepiaJibHOrO THCKY,
HasiBHiCTb auciinigemii, cimelinuii anamHes KXC, a Takox pieenb HbAlc. OniHka Kasbliito IpoBOUIach METOIOM
6e3koHTpacTHOi, EKT-cuuxpoHizoBaHoi koMm'toTepHoi ToMorpadil 3 mogasbilow KjaacupiKali€w 3a IKaJok
ArarcTtoHa. I cTaTUCTUYHOIO aHaJli3y 3acTOCOBYBaJIM KOpesadaLiiHuU TecT CnipMeHa, HenmapaMeTPU4YHUU TecT
MaHHa-YiTHi Ta 6araToBUMipHUN perpeciiHui aHasis.

PesysbraTu. BinbwicTe nanieHTiB 6ysn yosoBikaMu (65,4 %) i Mosogmnmu 3a 60 pokis (82,7 %). Bucoki no-
ka3Huku CAC (>400) cnoctepiranuck y 61,5 % nauieHTiB. Bysio BUABJIIEHO 3HAUYIUHA TO3UTUBHUN KOpeIAiHHUM
3B’s130K Mix piBHeM HbA1c Ta 3aranbHum CAC (r = 0,317; p = 0,022). Y 6aratoBumipHoMy aHanisi HbAlc 3anummas-
csl He3aJIeXKHUM NpeJuKTopoM nifBuuieHux 3HadeHb CAC (p <0,05), npu LbOoMy rinepToHist TaKox 6yJ1a 3HAYYLO0I0
Yy 4aCTKOBUX MoJiesisax. [Hii pakTopy, 30kpeMa IMT, gucainigemis, Bik i cimelinuit anamues KXC, cTaTUCTUYHO 3HA-
yyuioro 38’s13Ky 3 CAC He MaJIu.

BucHoBkH. Kanblundikalis KopoHapHUX apTepill 4acTo 3ycTpidaeTbCsA cepe/i NALi€HTIB i3 fAiabeToM, BKJIIOYa-
10491 MOJIOZAMX i He oxxkupinux oci6. HbAlc i rinepToHist € K/II090BUMH NpeJUKTOpaMH KaablHudikaliiHOro HaBaH-
TakeHHs. Lli pe3ysbTaT NiAKPeCI0I0Th HEOOXIAHICTh ONTHMa/TILHOTO KOHTPOJIIO IJIiKeMii Ta apTepiajJbHOTO TH-
CKY, @ TaKOX BpaxyBaHHs cKpuHiHry CAC Jisia paHHboi cTpaThdikauii ceplieBo-cCyIMHHOIO PU3UKY Y AiabeTHYHUX
Mali€eHTIB.

Kamwuoei cnoea: yykposuti diabem, kopoHapHa xeopoba cepys, kaavyiesuti 6a., cinepmoHisi, HbAlc.
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Abstract

Aim. To assess the efficacy of adding losartan to standard therapy in patients with ischemic heart disease (IHD)
and polyvascular atherosclerosis following ischemic stroke as part of a multicomponent secondary prevention
strategy over a 4-month treatment period.

Materials and Methods. A prospective study enrolled 60 patients who were randomly assigned to two equal
groups: standard therapy (including antiplatelet agents, statins, antihypertensive medications, and risk factor
management) and standard therapy plus losartan. All patients underwent assessment of lipid profiles, as well
as serum levels of the matrix metalloproteinases MMP-2 and MMP-9, interleukin-1 (IL-1f3), plasminogen
activator inhibitor-1 (PAI-1), thrombin-activatable fibrinolysis inhibitor (TAFI), and tumor necrosis factor-
alpha (TNF-a), both at baseline and after 4 months of therapy.

Results. After 4 months of therapy, a significant reduction in the serum levels of lipids (TC, TG, LDL-C, HDL-C),
MMP-2, MMP-9, IL-1§3, PAI-1, TAFI, and TNF-a (p<0.05) was observed in both groups. However, compared with
the standard therapy group, the addition of losartan was associated with a significant reduction in MMP-2 (p =
0.008) and TAFI (p = 0.011) in the intergroup ANCOVA analysis.

Conclusions. The addition oflosartan to standard therapy in patients with IHD and polyvascular atherosclerosis
following ischemic stroke over a 4-month period was associated with improved clinical outcomes, attenuation
of inflammatory and proteolytic cascade activation, and enhanced hemodynamic parameters.

Keywords: Ischemic heart disease, generalized atherosclerosis, ischemic stroke, losartan, secondary prevention,

MMP-2, MMP-9, IL-1p, PAI-1, TAFI, TNF-a.

Introduction. Ischemic stroke is one of the leading
causes of death and disability worldwide. The INTER-
STROKE study demonstrated that over 90 % of the risk for
stroke is attributable to modifiable factors such as hyper-
tension, dyslipidemia, and cardiac conditions [1]. Renin-
angiotensin system inhibitors (ACE inhibitors) represent
a cornerstone of secondary prevention strategies after
stroke. Losartan possesses additional neuroprotective and
vascular remodeling properties, including the suppression
of matrix metalloproteinases (MMP-2 and MMP-9), which
play key roles in vascular wall degradation and disruption
of the blood-brain barrier [2]. Losartan, as a representa-
tive angiotensin II receptor blocker (ARB), has demon-
strated superiority in reducing stroke risk compared with
beta-blockers (atenolol) in the LIFE study [3].

Specifically, losartan was associated with a 25 % re-
duction in stroke risk (HR 0.75; p=0.001), as well as im-

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

proved outcomes in terms of all-cause and cardiovascu-
lar mortality, with reductions of 13 % and 37-39 %, re-
spectively, in the diabetic subgroup [4,5].

Losartan stands out among ARBs due to its ability
to modulate key pathophysiological pathways beyond
blood pressure reduction. Preclinical and clinical ob-
servations show that blocking the renin-angiotensin-
aldosterone system (RAAS) - which losartan does ef-
fectively - attenuates both inflammatory and throm-
botic processes in patients at high cardiovascular risk
[6]. Moreover, a recent in vitro study demonstrated
that losartan significantly suppresses TNF-a-induced
pro-inflammatory and catabolic signaling in human
cells, highlighting its anti-inflammatory and matrix-
protective effects [7]. These properties make losartan
especially suitable for geriatric patients with ischemic
heart disease, polyvascular atherosclerosis, and prior
ischemic stroke, as it addresses inflammation, extra-
cellular matrix remodeling, and hemostatic balance -
key contributors to recurrent cardio- and cerebrovas-
cular events.
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Biomarkers of inflammation and fibrinolysis - such
as IL-1f, TNF-a, PAI-1, and TAFI - also have prognostic
significance in patients with stroke and atherosclerosis.
However, data on the impact of angiotensin II receptor
blockers (ARBs) on these parameters in patients with
polyvascular disease following ischemic stroke are lim-
ited.

Aim. To evaluate the impact of adding losartan to
standard therapy in patients with a history of ischemic
stroke, ischemic heart disease (IHD), and polyvascular
atherosclerosis on lipid profile, biomarkers of vascular
remodeling (MMP-2, MMP-9) and inflammation (IL-1,
TNF-a, PAI-1, TAFI).

Materials and Methods. This prospective, open-
label, comparative, parallel clinical observation was
conducted at the Municipal Non-Profit Enterprise “Kyiv
City Clinical Hospital Ne12,” Ukraine, between November
2023 and November 2024. The study was carried out in
accordance with the principles of the Declaration of Hel-
sinki (World Medical Association, 2013) and complied
with the requirements of the Ethics Committee of Boho-
molets National Medical University. The study protocol
was reviewed and approved by the local ethics commit-
tee. Written informed consent was obtained from all par-
ticipants prior to inclusion in the study.

Study design. A total of 60 patients with a confirmed
diagnosis of ischemic stroke (acute cerebrovascular ac-
cident of ischemic type) were enrolled; all were in the
chronic phase of the disease (ranging from 1 to 7 years
post-event). The observation period lasted 4 months and
included two assessment time points: baseline evalua-
tion - within the first hours after hospital admission, and
the treatment period lasting 4 months.

Patients were assigned to two comparable groups:
the control group received standard therapy according to
current national protocols, while the experimental group
received the same standard therapy with the addition of
losartan 50 mg, titrated individually.

Inclusion criteria: patients aged 260 years with stable
coronary artery disease (including post-infarction cardi-
osclerosis); history of ischemic stroke or myocardial in-
farction 12 months to 7 years prior; confirmed ischemic
stroke on CT/MRI; generalized atherosclerosis (IMT 21.2
mm, plaques, or 230 % stenosis in 22 vascular territo-
ries); heart failure <NYHA Ilb; stable clinical condition;
ability to follow the study protocol; written informed
consent.

Exclusion criteria: congenital or acquired heart defects;
cardiomyopathies; non-ischemic myocardial lesions; per-
sistent AF/flutter; heart failure NYHA III-1V; haemato-
logic disorders; coagulopathies; anaemia; thrombophilia;
severe venous insufficiency; type 1 or 2 diabetes; recent
trauma, surgery, or bleeding; chronic liver disease with
impaired function; renal failure (eGFR <60); active infec-
tions; substance abuse; immunosuppressive therapy in
the past 3 months; or age <60 years.

The study followed a structured sequence of phases,
beginning with patient screening based on clearly de-
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fined inclusion and exclusion criteria. After the study
cohort was finalized, the participants were randomized
with consideration of clinical and demographic balance.
At the initiation of the therapeutic intervention, each
patient underwent a comprehensive assessment, which
included clinical evaluation, echocardiography, Doppler
ultrasound examination, Holter monitoring, and labora-
tory testing focused on inflammatory, hemostatic, and
remodeling biomarkers. Over the course of four months,
patients received standard therapy with or without the
addition of losartan. Upon completion of the treatment
period, follow-up assessments were performed using the
same protocol. The collected data were then subjected
to statistical analysis to compare within-group and be-
tween-group dynamics of the measured parameters.

Outcomes assessment and measurement. The
main endpoints included changes in biomarkers of vas-
cular remodeling (MMP-2, MMP-9) and inflammation
(IL-1B, TNF-a, PAI-1, TAFI), as well as hemodynamic
parameters. Echocardiographic examinations were per-
formed using the HITACHI LTD, ALOKA Arietta S-70 sys-
tem (Japan), utilizing B-mode, M-mode, color Doppler,
and tissue Doppler imaging. Doppler ultrasonography
of the extracranial arteries included B-mode, spectral,
and color Doppler techniques. The following parameters
were assessed: flow volume (FV), peak systolic velocity
(PSV), mean velocity (MnV), end-diastolic velocity (EDV),
pulsatility index (PI), resistance index (RI), intima-media
thickness (IMT), and degree of stenosis. The methodol-
ogy adhered to the Society for Vascular Ultrasound (SVU)
Professional Performance Guidelines [8]. Twenty-four-
hour Holter monitoring was performed using an ARNIKA
device with standardized methods of data analysis.

Venous blood samples were collected immediately
upon hospital admission and again after 4 months. The
serum was prepared by centrifugation at 900 x g for
40 minutes and subsequently stored at -20 °C. The plas-
ma concentrations of TAFI, PAI-1, MMP-2, MMP-9, IL-18,
and TNF-a were measured using enzyme-linked immu-
nosorbent assay (ELISA) kits (Santa Cruz Biotechnology,
CA, USA) following the methodology described by Aydin
et al. [9]. The lipid profile was assessed using a standard
enzymatic method.

Statistical Analysis. Statistical analysis was per-
formed using SPSS software, version 20.0 (SPSS, Inc.,
Chicago, IL, USA), and GraphPad Prism, version 6.0
(GraphPad Software, Inc., La Jolla, CA, USA). Quantitative
data were presented as the mean and standard deviation
(M £ SD). To test the hypothesis of normal distribution,
the one-sample Kolmogorov-Smirnov test was used.
Changes in participants’ outcomes between baseline and
the end of treatment were compared using paired-sam-
ple t-tests (intragroup). Analysis of covariance (ANCO-
VA) was applied to identify any differences between the
two groups after the intervention, adjusting for baseline
measurements and confounders (intergroup).

Results. In this study, involving 60 patients with a
balanced sex distribution, a comparative assessment was
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conducted to evaluate the effectiveness of standard ther-
apy versus its combination with losartan in the context
of dynamic changes in key laboratory and instrumental
parameters. The mean age of the study population was
75 years; 46.6 % were women, and 53.4 % were men.
There were no statistically significant differences be-
tween the groups in terms of age, sex distribution, post-
stroke duration, or baseline clinical or laboratory char-
acteristics (p>0.05), confirming the comparability of the
groups.

Inboth groups, areduction in total cholesterol levels in
intragroup analysis was observed; however, the decrease
was more pronounced among patients receiving losar-
tan (from 5.46 + 1.09 mmol/L to 3.80 + 0.54 mmol/L;
p<0.001) than in the control group, where choles-
terol levels decreased from 5.31+1.48 mmol/L to
4.30 £ 1.06 mmol/L (p<0.001) (Table 1, Figure 1A). This
corresponded to an average reduction of 1.65*0.94
mmol/L in the losartan group versus 1.01 + 0.80 mmol/L
in the control group, with a trend toward statistical sig-
nificance between groups (p = 0.059) (Table 1).

A similar pattern was noted for low-density lipo-
protein cholesterol (LDL-C). LDL-C, known for its direct
atherogenic effect, showed a significant reduction in all
subgroups, with a more pronounced trend observed in
patients receiving losartan, indicating a more favorable
achievement of target lipid values in patients receiving
the modified treatment regimen. In the control group,
the LDL-C level decreased from 2.98+1.25 mmol/L
to 2.36+0.92 mmol/L (p=0.002). In the losartan
group, levels decreased from 3.42+0.91 mmol/L to
2.21 £ 0.50 mmol/L (p<0.001), corresponding to an ab-
solute reduction of 1.21 mmol/L versus 0.62 mmol/L in

the control group, with the between-group difference ap-
proaching significance (p=0.050) (Table 1, Figure 1B).

The level of high-density lipoprotein cholesterol
(HDL-C), which is commonly considered the cardiopro-
tective 8 fraction due to its role in reverse cholesterol
transport, increased in both groups after treatment. In
the control group, HDL-C levels increased slightly from
1.05+0.40 mmol/L to 1.23+0.51 mmol/L (p=0.195)
(Table 1, Figure 1C). On the other hand, in the losartan
group, the elevation was more pronounced and differed
significantly after 4 months (0.76 + 0.42 vs 1.14 + 0.58
mmol/L; p=0.020). Despite the approximately twofold
higher elevation of HDL-C after losartan addition com-
pared with standard therapy alone, changes in HDL-C
in ANCOVA analysis were not significant (0.38 vs 0.18
mmol/L; p=0.355; Table 1).

Among the analyzed lipids, only triglyceride lev-
els showed a more pronounced change in intragroup
analysis in the standard care group. In the control
group, triglycerides decreased from 2.34 + 0.81 mmol/L
to 1.77 £ 0.49 mmol/L (p=0.001), whereas in the lo-
sartan group, triglyceride levels decreased from
1.97 £ 0.65 mmol/L to 1.53 +0.68 mmol/L (p=0.015;
Figure 1D). However, in ANCOVA analysis, the difference
between groups was not significant (p=0.538; Table 1).

Although this trend may appear counterintuitive, it
could reflect the multifaceted effects of losartan, includ-
ing its anti-inflammatory activity and improvement of
endothelial function. This finding is supported by in vivo
evidence showing its regulatory influence on TNF-a and
MMP-2 levels [10]. This effect is consistent with the con-
cept of the pleiotropic properties of losartan, whereby
AT;-receptor blockade, attenuation of inflammation, and

Table 1
Analysis of outcomes with focus on lipid parameters (M £ SD)
Standard Standard treatment +
treatment group Losartan group
Parameters (n=30) pl (n=30) p2 p3 p4
Total ;holesterol, mmol/L
Baseline value 5.31+1.48 5.46+1.09 0.781
Post-treatment value 4.30%1.06 <0.001 3.80+0.54 <0.001
Mean changes -1.01%0.80 -1.65*0.94 0.059
Trigly;erides, mmol/L
Baseline value 2.34%0.81 1.97+0.65 0.202
Post-treatment value 1.77%0.49 0.001 1.53%0.68 0.015
Mean changes -0.57%0.64 -0.44%0.48 0.538
HDL, mmol/L
Baseline value 1.05+0.40 0.76%0.42 0.068
Post-treatment value 1.23%0.51 0.195 1.14#0.58 0.020
Mean changes 0.18%0.59 0.38%0.45 0.355
LDL, mmol/L
Baseline value 2.98%1.25 3.42+0.91 0.323
Post-treatment value 2.36%0.92 0.002 2.21#0.50 <0.001
Mean changes -0.62%0.75 -1.21*0.76 0.050

Note: p1-2 - difference in standard care and losartan groups before and after intervention (intragroup analysis); p3 - differences between
standard care and losartan groups baseline characteristics; p4 - difference between groups throughout the study (ANCOVA intergroup

analysis). Significance was stated at p<0.05
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Figure 1. Intra-group outcomes analysis with an accent on lipid parameters changes (A - total cholesterol;
B - LDL-C; C - HDL-C; D - triglycerides). Data presented as M * SD

vascular wall remodeling contribute to a more profound
correction of the atherogenic burden [10].

Particular attention in this study was devoted to the
evaluation of vascular wall remodeling markers, as these
biochemical indicators reflect the intensity of extracellu-
lar matrix degradation and structural alterations in the
arterial wall - processes that play a key role in the pro-
gression of atherosclerosis and the development of its
complications. In patients receiving modified therapy, in-
cluding losartan, the level of MMP-2 decreased significant-
ly from 5.90 + 0.59 ng/mLto 4.27 + 0.72 ng/mL (p<0.001),
indicating substantial suppression of enzymatic activ-
ity. This dynamic was markedly greater than that in the
control group, where the MMP-2 level decreased from
555%£0.73 ng/mL to 491+1.00 ng/mL (p=0.005)
(Table 2, Figure 2A). The between-group difference in ab-
solute MMP-2 reduction was significant (p=0.008), con-
firming an additional effect of losartan on vascular wall
stabilization and reduction in remodeling activity - likely
attributable to its pleiotropic properties, including at-
tenuation of endothelial dysfunction and suppression of
chronic vascular inflammation.

A similar, albeit less pronounced, trend was observed
for MMP-9, which, along with MMP-2, contributes to col-

lagen and elastin degradation, thereby promoting struc-
tural destabilization of atherosclerotic plaques (Figure
2B). In the losartan group, the mean reduction in the
MMP-9 level was 1.23 + 0.83 ng/mL, whereas it was
0.68 + 0.67 ng/mL in the control group. Although the be-
tween-group difference did not reach conventional sta-
tistical significance (p=0.078), it clearly indicates a trend
toward better control of proteolytic activity under treat-
ment with an angiotensin Il receptor blocker (Table 2).

These findings are consistent with the well-estab-
lished pleiotropic effects of losartan, which, in addition
to its antihypertensive action, is capable of modulating
inflammatory and remodeling processes within the vas-
cular wall. The observed reductions in MMP-2 and MMP-
9 activity may be considered one of the mechanisms con-
tributing to atherosclerotic plaque stabilization and low-
ering the risk of rupture, thus supporting the prevention
of acute coronary and cerebrovascular events in patients
at high cardiovascular risk.

An important finding of this study was the ability of
modified therapy, including losartan, to reduce systemic
inflammation more effectively — a key pathogenic mecha-
nism in the progression of atherosclerosis and destabili-
zation of atherosclerotic plaques.
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Table 2
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Analysis of outcomes with focus on inflammatory and proteolytic cascade activation markers (M = SD)

Standard Standard treatment +

treatment group Losartan group
Parameters (n=30) pl (n=30) p2 p3 p4
MMP-2, ng/mL
Baseline value 5.55%0.73 5.90+0.59 0.190
Post-treatment value 491+1.00 0.005 4.27+0.72 <0.001
Mean changes -0.63+0.86 -1.63+0.99 0.008
MMP-9, ng/mL
Baseline value 477 £0.59 493 +£0.49 0.462
Post-treatment value 4.09 £0.54 >0.001 3.69£0.63 0.001
Mean changes -0.68+0.67 -1.23%0.83 0.078
TNF-a, pg/mL
Baseline value 6.88 £0.43 7.03+0.20 0.304
Post-treatment value 473 £0.51 >0.001 4.60%0.32 <0.001
Mean changes -2.14+0.60 -2.43%0.35 0.180
IL-1B, pg/mL
Baseline value 5.80%0.72 5.66 £0.51 0.577
Post-treatment value 421+047 >0.001 3.92+£0.65 <0.001
Mean changes -1.59%0.82 -1.73%0.80 0.652
TAFI, pg/mL
Baseline value 447 £0.78 488 +0.72 0.170
Post-treatment value 4.07 £0.38 0.013 3.74%£0.18 0.001
Mean changes -0.40%0.63 -1.13+0.81 0.011
PAI-1, ng/mL
Baseline value 5.23+0.55 5.44 +£0.59 0.353
Post-treatment value 347 £0.64 >0.001 4.04 £0.68 0.001
Mean changes -1.76*0.69 -1.40%1.06 0.256

Note: p1-2 - difference in standard care and losartan groups before and after intervention (intragroup analysis); p3 - differences between
standard care and losartan groups baseline characteristics; p4 - difference between groups throughout the study (ANCOVA intergroup
analysis). Significance was stated at p<0.05
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Figure 2. Intra-group outcomes analysis with accent on inflammatory and proteolytic cascade activation markers changes
(A - MMP-2; B - MMP-9; C - TNF-a.; D - IL-1B; E - TAFI; F - PAl). Data presented as M * SD
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Analysis of TNF-a concentrations revealed a marked
decrease in patients receiving modified therapy with lo-
sartan, from 7.03+0.20 pg/mL to 4.60£0.32 pg/mL after
treatment (p<0.001). The control group also presented a
significant reduction in the levels of this proinflammatory
cytokine - from 6.88 £ 0.43 pg/mL to 4.73 £ 0.51 pg/mL
(p<0.001) - although the rate of change was less pro-
nounced (Table 2, Figure 2C).

Both treatment regimens significantly reduced sys-
temic inflammatory activity. However, the more pro-
nounced dynamic observed in the losartan group sug-
gests a potential additional anti-inflammatory effect of
angiotensin Il receptor blockade. This effect is likely me-
diated through reduced activation of NF-kB-dependent
signaling pathways, suppression of pro-inflammatory cy-
tokine production, and improvement of endothelial dys-
function, as supported by current research data.

In both study groups, a significant decrease in IL-1f3,
a key pro-inflammatory mediator involved in maintain-
ing chronic low-grade vascular inflammation, was ob-
served. In patients receiving therapy with losartan, the
IL-18 level decreased from 5.66 * 0.51 pg/mL to 3.92 +
0.65 pg/mL (p<0.001). In the control group, the reduc-
tion was less pronounced, from 5.80 + 0.72 pg/mL to
4.21 + 0.47 pg/mL (p<0.001) (Table 2, Figure 2D). This
difference in response supports the hypothesis that lo-
sartan exerts an additional anti-inflammatory effect be-
yond its classical antihypertensive action. On the other
hand, changes in both cytokines (IL-1f: p=0.652; TNF-a:
p=0.180) in the between-group analysis did not differ
significantly (Table 2).

This is supported by contemporary experimental da-
ta: inhibition of the renin-angiotensin system by losartan
under preclinical conditions has been shown to reduce
IL-1f production in the adrenal cortex of mice. This was
demonstrated in a study by AlSaad et al. (2020), where
losartan significantly decreased the levels of IL-1f3 and
TNF-a compared with the sustained increase observed in
the control group [11].

Assessment of changes in the hemostatic system re-
vealed distinct differences between the study groups,
underscoring the added benefit of incorporating losartan
into the standard treatment regimen. The level of TAFI
in the modified therapy group significantly decreased
from 4.88 + 0.72 pg/mL to 3.74 + 0.18 pg/mL (p=0.001),
exceeding the degree of change observed in the control
group, where levels declined from 4.47 + 0.78 pg/mL to
4.07 £ 0.38 pg/mL (p = 0.013) (Table 2, Figure 2E). The
between-group difference in the mean change was also
significant (p=0.011), indicating a pronounced effect of
losartan on reducing antifibrinolytic activity and poten-
tially lowering the risk of thrombosis (Table 2).

A similar trend in intragroup analysis was observed
in the dynamics of PAI-1, a key regulator of fibrinolysis
whose elevated levels are associated with the progres-
sion of atherothrombosis. In patients receiving losar-
tan, the PAI-1 level decreased from 5.44 + 0.59 ng/mL
to 4.04 £ 0.68 ng/mL (p=0.001), reflecting a substantial
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reduction in antifibrinolytic potential. The control group
also showed favorable dynamics, with levels decreasing
from 5.23 + 0.55 ng/mL to 3.47 + 0.64 ng/mL (p=0.001);
however, the effect observed in the losartan group ap-
peared to be more balanced in terms of concurrent cor-
rection of both TAFI and PAI-1 levels (Table 2, Figures 2E
and 2F). The significant difference for PAI-1 in ANCOVA
analysis was absent (Table 2).

Taken together, these findings indicate that the ad-
dition of losartan to baseline therapy not only modifies
the lipid profile and inflammatory markers but also af-
fects key components of the hemostatic system. This may
reduce the risk of thrombotic complications in patients
with IHD and generalized atherosclerosis [12-14].

Discussion. The inclusion of losartan in combination
therapy for geriatric patients with IHD and polyvascular
atherosclerosis demonstrated a pronounced, multicompo-
nent positive effect that targeted key pathogenetic path-
ways involved in the progression of atherosclerosis and
its complications. These results indicate that modified
therapy significantly improves the lipid profile, reduces
systemic inflammation, inhibits pathological vascular wall
remodeling, and normalizes hemostatic parameters, sur-
passing the efficacy of standard treatment alone.

The pathophysiological rationale for the effects of lo-
sartan is grounded in its role as a selective AT, receptor
blocker, which enables the inhibition of the renin-angio-
tensin system, reduction of oxidative stress, normaliza-
tion of endothelial function, and downregulation of pro-
inflammatory mediator expression. In vitro studies have
confirmed the ability of losartan to suppress the synthe-
sis of IL-1f3 and TNF-q, providing a strong anti-inflamma-
tory effect through the inhibition of the NF-xB and MAPK
signaling pathways [15-17]. Within the context of our
study, this represents a key mechanism underlying the
reduction in inflammation and the stabilization of ath-
erosclerotic plaques.

The improvement in the lipid profile observed in the
losartan group was significant after 4-month treatment.
This effect is attributed not only to direct modulation of
lipid metabolism but also to the capacity of losartan to
reduce systemic inflammation and restore endothelial
function -mechanisms supported by established patho-
physiological evidence.

The results obtained highlight a close interrelation-
ship between the impact of losartan on vascular wall
remodeling markers, systemic inflammatory status, and
hemostatic balance. This interplay is critical to under-
standing its clinical efficacy within the framework of sec-
ondary prevention of cardio- and cerebrovascular events.
Particularly important are the findings related to remod-
eling markers: the statistically significant reduction in
MMP-2 levels and the trend for decrease in MMP-9 in the
losartan group as compared to standard care alone, un-
derscore the drug’s ability to suppress destructive pro-
cesses within the fibrous cap of atherosclerotic plaques
[18]. This is particularly important for the prevention of
unexpected ischemic complications.
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In our study, particular attention was given to the
analysis of changes in biochemical markers of vascular
wall remodeling, as they reflect the intensity of extracel-
lular matrix degradation and structural alterations of the
arterial wall - key processes in the progression of athero-
sclerosis and the development of its complications.

The more pronounced reduction in MMP-2 concentra-
tion and the greater decrease in MMP-9 levels in the lo-
sartan group compared with the standard therapy group
indicate the suppression of extracellular matrix degrada-
tion and the potential slowing of destructive processes
within the vascular wall. Excessive MMP activity is as-
sociated with destabilization of atherosclerotic plaques,
increased susceptibility to rupture, and thrombus forma-
tion. Therefore, the observed changes may be regarded
as a pathophysiological basis for a reduced risk of recur-
rent ischemic events.

These effects were accompanied by a more substantial
decrease in the levels of the pro-inflammatory cytokines
TNF-a and IL-1f, indicating attenuation of chronic in-
flammatory activity. The suppression of inflammatory
mediators directly influences MMP expression, forming
a reinforcing mechanism for atherosclerotic plaque sta-
bilization. Consequently, the reduction in inflammation
and inhibition of proteolytic activity are interrelated pro-
cesses that collectively create favorable conditions for
vascular remodeling in a more stable, less thrombogenic
direction.

Moreover, the more pronounced reduction in TAFI
and PAI-1 levels observed in the losartan group points to
a decrease in antifibrinolytic activity and an increase in
fibrinolysis - an effect of critical importance in athero-
sclerotic disease, where thrombus formation is a lead-
ing cause of acute events. Given the known influence of
pro-inflammatory cytokines on the activation of the he-
mostatic system, it can be assumed that the reduction in
TNF-a and IL-13 levels in patients treated with losartan
contributed to the normalization of fibrinolytic potential
via the downregulation of PAI-1 and TAFI.

The correction of hemostatic parameters - character-
ized by a marked reduction in TAFI and PAI-1 levels - in-
dicates an increase in fibrinolytic potential and a reduc-
tion in thrombotic risk, which is consistent with our find-
ings [7,19].

This comprehensive effect - rather than the isolated
correction of individual laboratory parameters - likely
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EdekTuBHicTb N03apTaHy y cknaai 6araToKOMMNOHEHTHOI CTpaTerii BTOPUHHOI NPodinakTuku
cepueBo-CyAUMHHUX NOAIN Y NaLi€HTIB NiCNA iWeMi4YHOro iHCyNnbTy

laniu B-C. M., Ko6unsak H. M., NMneteHeubka A. O.
HauioHanbHuii MeanyHuii yHiBepcuteT iMeHi 0.0. boromonsbus, M. Kuis, YkpaiHa

Pesome

MerTa. OuiHuTH epeKTUBHICTD 10JjaBaHHs JI03apTaHy J10 CTaHJApTHOI Teparii y nalieHTiB 3 illleMiYHO0 XBOpO-
6010 cepg (IXC) Ta mosiBacKyJIIpHUM aTepOCKIepo30M Mic/s ileMiYHOro iHCYJIbTY SIK CKJIaJloBOI 6araToKOMIIO-
HEHTHOI cTpaTerii BTOpUHHOI TPOQiJIaKTUKHU MPOTATrOM 4-MiCAYHOTO MepioAy JiKyBaHHS.

Marepiasiu Ta MeTOAM. Y NMpoCHeKTHUBHe AOCAiJKeHHd 6y/io BKJIO4eHo 60 mauieHTiB, AKMX paHJ0Mi30BaHO
NOAINWIN Ha ABi piBHI Ipynu: cTaHAapTHA Tepamif (Ka BKJI04YaJa aHTUTPOMOOLMTAapHI 3ac06U, CTAaTUHH, aHTH-
rinepTeH3MBHI IpenapaTH Ta KOHTPOJIb GaKTOPIiB PU3HKY) Ta CTaHAApTHA Tepalif 3 Jj0JaBaHHAM Jio3apTaHy. Yci
nalieHTH NPOXOAMIIN OLIHKY JinigHoro npodito (3X, TT, JIITHII, JITIBIL), a Takox BU3HaYeHHS PiBHIB y cHpoBaTLi
MaTPUKCHUX MeTasonpoTeinaz MMP-2 i MMP-9, inTepaeiikiny-1p (IL-1f), inri6iTopa akTHBaTOpa M1a3MiHoreny-1
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(PAI-1), inri6iTopa ¢i6puHOMIi3y, [0 akTUBYEThCA TpoMbiHOM (TAFI), Ta pakTopa Hekpo3y nyxiauH-a (TNF-o) Ha
MoYyaTKy Ta mic/s 4 MicaLiB Tepamii.

Pe3ynbraTu. Yepes 4 Micsui JikyBaHHS B 060X I'pymnax CrocTepirajaocs JOCTOBipHe 3HWKEeHHS PiBHIB JinmiziB,
MMP-2, MMP-9, IL-1(3, PAI-1, TAFI Ta TNF-a y cupoBaTui kpoBi (p < 0,05). [IpoTe y NopiBHSHHI 3 Ipyno0 CTaHJAPT-
Hoi Tepanii JojaBaHHA JI03apTaHy acoliloBagocs 3 GibI BUpaXKeHUM 3HIKeHHAM piBHIB MMP-2 (p = 0,008) Ta
TAFI (p = 0,011) 3a pe3ysibTaTaMmu MixrpynoBoro aHasaizy ANCOVA.

BucHoBKM. /[oaBaHHs J103apTaHy [0 CTaHAAPTHOI Tepamii y nanieHTiB 3 [XC Ta mosiBacKy/IsspHUM aTepocKJie-
PO30M Ticss ileMiYHOTrOo iHCYJIbTY NPOTAroM 4 MicsliB 6yJio MOB’A3aHe 3 MOKPALEHHAM KJIiHIYHUX pe3yJbTaTiB,
3HWKEHHAM aKTHBalii 3ala/IbHUX | IPOTEOJIITUYHUX KacKaiB Ta MiZBULIeHHAM I0Ka3HUKIB reMOJUHAMIKH.

Kamuoei caosa: iwemiuna xeopoba cepysi, 2eHepaizo8aHuli amepockaepos, iweMivHull iHCyabm, 103apmaH,
emopuHHa npodinakmuxa, MMP-2, MMP-9, IL-1f3, PAI-1, TAFI, TNF-a.

CraTTsa Hajika B pepakuito / Received: 07.08.2025

[licnsa poonpaitoBanHs / Revised: 29.08 2025
[IpuitHsaTo no apyky / Accepted: 04.09.2025

YKpaiHCbKUI )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



25

leHera M. b. / JlinonpoTeiH(a) Sk He3anexHWM GakTop pU3nKy Ta MPOrHOCTUYHMIA MapKep ...

https://doi.org/10.63181/ujcvs.2025.33(3).25-30
YOK 577.112.85:616.13-004.6]-053

leHera M. B., nikap-kapgionor, BiALineHHs iHTepBeHLiHOi kapaionorii, https://orcid.org/0000-0001-6991-8125;

Mapyuwko €. 10., kKaHa. Mef. HayK, NPOBIAHMI HAyK. CNiBP., NiKap-KApAioNnor, 3aB. Bia4iNeHHs KapaioMeTaboniuyHmnx
3aXBOpPHOBaHb KapaioMeTabonivyHnx 3axBoptoBaHb, https://orcid.org/0000-0002-0696-9926;

MaHbkoBcbkuii I B., kKaHa. Mef. HayK, likap-Kapaionor, MeanyHuin ampekrop, https://orcid.org/0000-0003-4980-
4571,

HepxasHa ycraHoBa «LleHTp Kapaionorii Ta kapaioxipyprii MiHictepcTBa 0XopoHUM 300p0oB’a YkpaiHu», M. Kuis, YkpaiHa

JlinonpoteiH(a) K He3aneXxHun GpakTop pUsUKy Ta NPOrHOCTUYHUIA MapKep
CTEHO3YI4Oro aTepoCcKIepo3y KOPOHAPHUX apTepiii y MONOAUX NaLLiEHTIB:
ornsap niteparypu

Pe3ome

Beryn. JlinonpoTein(a) [Lp(a)] - reHeTUYHO JeTEPMiHOBAHUH, He3a/IEXKHUU GAKTOpP PU3UKY MepeadacHOro
aTepoCKJepo3y KOPOHAPHHUX apTepil, 1[0 NOESHYE aTEPOreHHI — TPOMGOTeHHI — Tpo3anasbHi BJaCTUBOCTI.

MerTa. Y3arajibHUTH Cy4acHi AaHi mozgo natodisiosorii, enigemiosiorii Ta kiiniuHoro 3HayeHnHs Lp(a) y moJio-
JIUX MaLi€HTIB i3 CTEHO3yI0UUM aTepPOCKJIePO30M KOPOHAPHUX apTepil — a TaK0XK MpoaHasli3yBaTH Mepcrek-
THUBHI NiAX0AH 10 HOr0 3HUKEHHS.

Pe3ynbraTu. Bucokuii piBens Lp(a) (>125 umounb/n) BusaBaseTbesa y 20-30 % 3aranpHoi nonyasuii - ta f0
40 % MoJ10MX NaLEHTIB i3 NepeyacHolo ileMiYHO0 XBOPO6010 ceplis, 30KpeMa 6e3 TpaAuLiiHUX GaKTopiB
pusuky. [linBumennit Lp(a) kopestoe 3 TxkicTio ypakeHHs (mkanu SYNTAX, Gensini) - i migBuimye prusuk
peiHdapKTy Ta pecTeHO3y Mic/a MepKyTaHHUX BTpy4aHb. CydacHi MOXJIMBOCTI HOTO 3HMXKEHHS 0OMeXeHi;
HaKMOiIbLI NepCNeKTUBHHUMU € TAapreTHI reHeTU4Hi Tepanil (pelacarsen, olpasiran, SLN360), siki 3HHXXYIOTb
Lp(a) Ha 80-95 %.

BucHoBKH. BusnaueHHs Lp(a) c/ig Bk/I04aTH y pyTUHHUI CKPUHIHT BUCOKOPU3UKOBUX IPyIL IHTerpauis Ho-
BUX TepalneBTUYHUX CTPaATeTiN y KJIiHIYHY IPAKTUKY MOXe CyTTEBO NOKPALIUTH IPOrHO3 MOJIOAUX NaLiEHTIB
i3 mepelYaCHUM aTEepPOCKJIEPO30M.

Kamuoei cnosa: cepyeso-cyoduHHi 3ax80pro8aHHs, iwlemiuHa xeopoba cepysi, PCSK9-iHzi6imopu, aHmuceHc-oi-

20HyKaeomudu, SIRNA-mepanisi, 2zeHemuyvHuli Mapkep pusuky, nepcoHanizosana npodisakmuka.

MeTta. Ys3araJbHUTH Cyd4acHi emnifemiosioriyHi Ta
KJIiHIYHI faHi wono poui ninonporeiny(a) y po3BUTKY
nepeA4yacHOrO aTepoCKJepo3y KOpPOHApHUX apTepil,
npoaHasiyBaTH HOTO reHeTH4Hi Ta maTtodiziosoriyni
MeXaHi3MH, OL[iHUTH BIUIMB HifBUIeHOro piBHA Lp(a)
Ha MPOTHO3 i nepeo6ir ineMiuHOT XBOpo6U ceplis, a TAKOXK
pPO3IVIAHYTH HasABHI Ta NepCHeKTHUBHI cTparTeril Tepa-
NeBTUYHOI KOpeKLii I1boro MmokasHuKa 3 ypaxyBaHHAM
MiD>XKHapOJHUX peKoMeHJallil.

Pe3sysnbraT. lmemiuna xBopo6a cepus (IXC) 3a-
JIMIIAETBCS MPOBIAHOI NPUYMHOI CMEPTHOCTI y CBITI,
COPUYHMHSIOYU 6J1M3bK0o 17,9 MJIH BUNIAAKIB CMePTI 1110-
POKY, 1110 cTaHOBUTb NoHAJ 30 % ycix JieTaJIbHUX BUNIA/-
KiB [1,2]. Oco6/iMBe 3aHENTOKOEHHS BUKJIMKAE 3pOCTAaHHS
4acTOTH NlepeYacHOT0 aTepPOCKIePO3y KOPOHAPHHUX ap-
Tepil, AKUN AiarHOCTYIOTh Y 40JIOBiKiB BikoM f0 45-55
poKiB Ta y kiHOK BikoM Jj0 55-65 pokiB [3,4]. 3a cyyacHu-
MU JAHUMY, ToHaA 15 % BuUMaAKiB roOCTPUX KOPOHAPHUX

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

CUH/IpOMIB MpHUMajiae Ha MalieHTIB MoJioAKx 50 pokiB
[3,5]. B YkpaiHi, 3a ganuMu HauioHanbHOro peectpy
2024 poxky, 61u3bK0 12 % rocniTajisanii 3 npuBoJy ro-
CTPOro KOPOHApPHOI'0 CUH/JPOMY IpUINaZa€ Ha 0Cib BikoM
10 45 pokiB, i MOHA/| MOJIOBMHA 3 HUX HE MA€E KJIaCUUHUX
¢dakTopiB pu3UKy (JIoKa/IbHI aHi).

Cepen TpaAuLiMHHUX YUHHUKIB po3BUTKY IXC - apTe-
piajibHa TrinepTeH3isd, AuUCAiNigeMis, TIOTIOHONAJIHHA,
LYKPOBHUU AiabeT, 0kMpiHHA — 0CO6JIMBe Micle 3aiiMa-
I0Th T€HETUYHO JleTepMiHOBaHi GaKToOpH, fKi Hpak-
TUYHO He MiAmarTbcs MoAvdikauii cnoco6oM KUTTA
[6,11]. OaHuUM i3 TaKUX He3aJIeXKHUX MPEJUKTOPIB €
ainonporein(a) [Lp(a)] - cki1aHa MakKpoMOJIeKyJa,
110 MOEJHYE aTepPOreHHUM NOTeHIjias JIiMONpPOTeiHiB
HU3bKOI WIIJILHOCTI Ta NPOTPOMOOTHYHI BJIACTHUBOCTI
anosainonpoteiny(a) [7,12].

[lixBuuenuii pisens Lp(a) acoritoeTbes 3 2-3-kpart-
HUM 3pOCTAaHHAM PU3UKY PO3BUTKY CTEHO3YIOUUX ypa-
>KeHb KODOHApHUX apTepill y MoJIoAUX MallieHTiB, Ha-
BiTb 3a BificyTHOCTI iHIIKMX dpakTopiB pusuky [8]. Kon-
nenTpanisa Lp(a) nmonag 50 mr/au (a6o >125 HMoJb /1)
CYTTEBO MiABUILIYE UMOBIpHICTb MepeAYacHOro aTepo-

YKpaiHCbKUIA )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



26 lwemivyHa xBopoba cepus

CKJIEPO3Y Ta MOTipILIyE MPOTHO3 Iic/asl TOCTPUX KOPO-
HapHUX NoAiH [9].

BpaxoByto4u o6MexxeHi MOXKJIUBOCTI papMaKoJioriv-
HOT'0 3HIWKeHHs piBHs Lp(a) Ta BiacyTHicTh yHidpikoBa-
HUX CTpaTerii Horo CKpHHIHTY, BUBYEHHS I[bOT0 MTOKA3-
HUKa y KOHTEKCTI NepeyacHOro aTepoCKiepo3y € Hajl-
3BUYAKHO aKkTyasnbHUM [10,13].

IMaTodisiosioris Ta emizemiosiorist Lp(a)

PiBeHb slinonpoTeiny(a) y miasmi KpoBi BUSHAYAETh-
csl TepeBaXKHO TeHETUYHUMU GaKTOpaMHU i 3a/TMIIAETHCS
CTabUIBHUM MPOTATOM yChOTO XUTTHA [6,11]. OCHOBHUM
peryastopoM € reH LPA, po3TamoBaHUi Ha XpOMOCOMi
6q26-27, axkui kKoaye amouinomporein(a) [12]. Kinb-
kictp moBTopiB kringle IV type 2 (KIV-2) y cTpykTypi
I[bOr'0 TeHa 06EPHEHO KOPEJIIOE 3 KOHIeHTpalji€eto Lp(a):
YUM MeHIIIEe TOBTOPIB, TUM BUIIUM € HOT0 PiBEHb Y KPOBI
[13]. TeHeTnyHi BapianTu LPA nmosicHoroTh moHaza 90 %
MDKIHAMBIAya/bHUX BiAMIHHOCTEH y KOHIeHTpail
Lp(a) [7].

CtpyktypHo Lp(a) momiGHMH [0 YaCTUHKH Jimo-
npoTteiHy Hu3bKoI miisibHocTi (JIITHII), omHak momat-
KOBO MICTHUTb amoJiinonporeiH(a), AKUHA KOBaJIeHTHO
3B’s13aHUN 3 amnoJuiinonporeinoM B-100. 3aBasku ik
oco6siuBoCTI Lp(a) 3maTHUN MPOHUKATH y CyOeHaoTe-
JliaJIbHUM TPOCTip CYyAHH, Aie 3aTPUMYETHCS Ta HAKOIH-
YYETHCS, CIPUAIOYU GOPMYBAHHIO aTEPOCKJIEPOTUIHUX
onsamok [4]. BiH € HocieM okucHeHHX ¢ocdosinigis
(OxPL), 1m0 CTUMYJIOIOTH €KCIIpecito MOJIEKYJ afresii,
XeMOTaKCHC MOHOLMTIB i BUBIJIbHEHHS MpO3anajbHUX
UTOKiHiB [11].

AnoninonpoTein(a) Ma€ 3Ha4YHY CTPYKTYypHY rOMO-
Jiorilo 3 MIa3MiHOTeHOM, ajie 036aBaeHUH Gi6pUHOIII-
THUYHOI aKTUBHOCTI. lle fae oMy 3MOTYy KOHKYpyBaTH
3 MJIa3MiHOTeHOM 3a Micus 3B’si3yBaHHA 3 QiGpUHOM,
OJIOKYIOYH HOT0 aKTHBAI[il0 i TUM caMUM MPUTHIYYIOUH
¢dibpuHois. Kpim Toro, Lp(a) 3gaTHU# 3B’3yBaTH Ta
iHaKTUBYBaTH iHTiOITOp HIISAXy TKAaHWUHHOTO QaKTOpa,
mo crnpusie GopMyBaHHIO GiJNbII CTIHKUX PiGPUHOBUX
3rycTkiB [14]. OkucHeHi docdostinigu, mos’ss3aHi 3 Lp(a),
aKTUBYIOTb Makpodaru Ta CTUMYJIIOITh NPOAYKIiIO iH-
TepJselKiHy-8 U iHIIMX npos3anajbHUX MeaiaTopis. Lli
IpoLecH MiATPUMYIOTh XpOHiYHE Cy[JMHHE 3amajeHHs,
PUCKOPIOIOTh TPOrpecyBaHHS aTepPOCKIEPOTHYHUX
OJISIIIOK Ta MiZBUINYIOTH iXHI0 Bpa3iuBicTb [11]. Takum
YHUHOM, IOEJHAHHSI aTEPOTEeHHUX, TPOMOOreHHUX i po-
3amaJbHUX BJIACTUBOCTEH poOUTH Lp(a) yHiKajibHUM
dbaKTOpOM pU3UKY, IKMH BIJIMBAE Ha BCi cTajii aTepore-
He3y - Biz iHinianii 6s1mKy mo il ycKJ1agHeHHS Ta TPOM-
603y [6,11]. IlizBuinenu#t pieHb Lp(a) acorjitoeTbes 3i
IIBU/IIIMM NPOTPeCyBaHHSIM aTEpPOCKJepo3y Ta 6iJb-
IIOI0 YAaCTOTOI0 PEecTeHO3iB Mic/s MepKyTaHHUX KOPO-
HapHUX BTpPy4YaHb [25].

Posnogis Lp(a) y monyssmnii BUSHa4Ya€TbCSI TOJIOBHUM
YUHOM T€HeTHYHHMH YMHHUKAMU i JIMIIe He3HAYHOIO
MipOI0 3a/IEXKHUTD Bifl CIOCOOY KUTTs, TOMY HOTO piBEHb
3aJIMLIAETHCS BiZJHOCHO CTaGiIbHUM TNPOTATOM KHUTTS
[6,11]. lizBumeHa KoHLeHTpalis Lp(a) (>125 HMousb /21
a6o >50 mr/an) BusBaseTbes y 20-30 % HaceseHHs €B-

ponu Ta [liBHiYHOT AMepuku. [Ipubsu3zHo 7-10 % Jrogei
MaloTh HaJBUCOKi piBHi Lp(a) (>180 mr/mai), mo acoii-
I0I0ThCS 3 YTPUYi BUI0I0 HMOBIPHICTIO ceplieBO-CYAHH-
HUX mofin [15].

MixX eTHIYHMMM IrpynaMH iCHYKOTb 3Ha4HI BiMiH-
HocTiy piBHsX Lp(a). Y npeacTaBHUKIB ahpUKaHCBKOTO
MOXO/PKEHHS BOHU B cepe/JHbOMY Y/ Bidi NepeBUIIYIOTb
NMOKa3HUKH EBPOIEOiziB, X04a 3B’SI30K 3 ilIEeMiYHOIO
xBopo6otw cepiid (IXC) y 1l rpyni MeHII BUpaXKeHUH.
Hacenenus IliBgeHHoi A3ii Ta okpeMux perioniB Cxif-
HOol EBPONM TaKOX XapaKTepPU3yETbCA MiJABUILEHUMU
cepennimu piBasamu Lp(a) [16]. Jani mogo Ykpainu 06-
MeXKeHi, poTe gocaipkeHHs 2023 poky mokasaJo, 1110
yacTka oci6 3 Lp(a) >125 HM0J1b/J1 CTAaHOBUTD GJIM3bKO
25 %, o BiANOBiZlae cepeAHbOEBPONENCHKHUM MOKaA3-
HUKaM [17].

Oco6/IMBO BHUCOKOIO € MOIIMPEHICTb MiJBUIEHOTO
Lp(a) cepen mMoJsiogux mamieHTiB i3 nepeadacHoto IXC. Y
BiKOBiH rpymi g0 45 pokiB Horo BUSBJISAIOTE y 35-40 %
BUMaAKiB [8]. ¥ KoropTti Mosioaux mamieHTiB 3 iHQapK-
TOM MioKapza 6e3 HasiBHOCTi KJIaCHYHUX GaKTOpPiB pu-
3MKy 4acTOTa BUSIBJIEHHsS BHUCOKoro Lp(a) mepeBuiye
40 % [8,17]. Lle mizkpec/at0€ 3HAaYEeHHS LbOTO GioMapKe-
pa 9K KJII0Y0BOT0 IpeIUKTOpa CepLieBO-CYAUHHUX NOAIN
y MOJIOZIOMY BiIii.

lenmepHi ocob6smBocTi Lp(a) TakoX 3acayroByOTHb
Ha yBary. /lo MeHonay3u piBHi y 4YOJIOBIKIB Ta KiHOK 3a-
3BUYaH MO/i6HI, OJJHAK IiC/Is MeHOMNAay3H Y KiHOK CII0-
cTepiraeTbcs TeHZEHNisA [0 ix miaBuieHHs [19], mo
MOXe 4aCTKOBO MOACHIOBATH 3pocTaHHA pusukKy IXC y
CTapuIoMy Bili.

Lp(a) Ta mepegyacHuil aTepocCK/iepo3 KOpOHap-
HUX apTepii

[lepegyacHUil aTepock/epo3 KOPOHApHUX apTepii
3a3BMYall BHU3HAYAIOTh SIK HAsBHICTh OGCTPYKTHUBHHUX
ypakeHb y 4YOJIOBiKiB MoJiofiie 55 pokiB Ta y KiHOK
MoJio/iie 65 POKiB, X04a B F€HETUYHUX JIOCTiIPKEHHSX
4acTo 3aCTOCOBYIOTh Nopir 45 pokis [3,4]. [ligBumenui
Lp(a) € ofHUM i3 KJIIOYOBUX NIPEUKTOPIB PO3BUTKY CTe-
HO3YI0YHUX ypakeHb Y MOJIOJUX NaLli€HTIB, a HOr0 KOH-
LieHTpaLis KOpeJIIo€E 3 TSXKKICTIO aTepOoCKJiepo3y, BU3Ha-
yeHoo 3a mkanamMu SYNTAX ta Gensini [8].

Y XBopuX BiKOM J10 45 poKiB 3 iHpapKTOM MioKapza
6e3 IyKpoBOro JiabeTy, apTepiajbHOI rimepTeH3ii Ta
TIOTIOHOMA/IIHHA MiABUINeHUH Lp(a) BUABJSIOTH 4acTo;
nmoAiOHI pe3y/JbTaTH OTPUMaHI i B yKpaiHCbKUX KJIiHi4-
HUX CIIOCTEpEeXeHHsX [8,17].

Bucokuit Lp(a) BIJIMBA€E He JiKIlle Ha PU3UK MePINOi
nozil, aje ¥ Ha NPOrHO3 MicJg NepeHeceHoro roCTpPoro
KOPOHApHOTO CHUHAPOMY. 3a pe3ysJbTaTaMHU Cy4acHOTO
MeTaaHasli3y MiJBUIIeHUN piBeHb Lp(a) acomileTbcs
3i 3pocTaHHAM PU3UKY peiHPapKTy Ta pecTeHo3y micas
MepKyTaHHUX KOPOHapPHUX BTPy4aHb [25].

JlaHi 1mono reHJepHUX BiAMIHHOCTEH CBiJYaTh,
o y JXiHOK migBumeHu#d Lp(a) vacrime acomir€eTsb-
¢ 3 0araTOCyAMHHUMH Ypa)K€eHHSIMHU, TOJi K y 4Yo-
JIOBIKIB - 3 THKKMM CTE€HO30M OJHIEl MaricTpaJibHOI
aprepii [19].

YKpaiHCbKUI )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



leHera M. b. / JlinonpoTeiH(a) Sk He3anexHWM GakTop pU3nKy Ta MPOrHOCTUYHMIA MapKep ...

CyyacHi migxoau xo 3HMKeHH:A Lp(a)

Ha BigMiHy Bij sinonpoTeiHiB HMU3BKOI IIiJIBHOCTI
(JIITHILL), piBeHb Lp(a) mpakTUYHO He MiJJAETHCA KO-
pekuii MoaudiKali€w crnocody KUTTS YU CTAHAAPTHOIO
rinosimifemMiuHolo Tepamieto [6,11]. CTaTuHU He JIHIIE
He 3HW)XKYIOTb 0T0 KOHIIeHTpallilo, a B OKpeMUX BUNA/I-
Kax HaBiTb CHPHUSIOTH MiJBUIIeHHI0. E3eTUMiO He Ma€
KJIIHIYHO 3HAYyL[OTO BIJIUBY Ha el MokKasHUK [18], a
HIKOTMHOBA KUCJI0Ta, X04a ¥ 3/jJaTHa 3HWKYBaTH piBeHb
Lp(a) va 20-30 %, HE oTpuMaJIa MHUPOKOTO 3aCTOCYBAH-
HA yepes BiJICYyTHICTb NEPEKOHJIUBUX [0Ka3iB BIJIMBY Ha
ceplieBO-CyAMHHI mozil Ta yacTti no6iyHi peakuii [20].

Y peanbHil KAiHIYHIA NpaKTHULi YKpaiHU MOXKJIUBOC-
Ti BIVIMBY Ha piBeHb Lp(a) 3a/1umarThcs 06MeXXeHUMHU
(Tabsung 1). Haliyacrime 3aCTOCOBYHOTbCS CTATHHH Ta
e3eTuMib, ki epeKTHUBHO 3HWXKYIOThH piBeHb JIITHII,
ajle Maibke He BIUIMBaIOThb Ha Lp(a). EqUHUM Ki1acoM
npenaparis i3 JoBeeHO0 3/IaTHICTI0 3HWKYBaTH Lp(a)
Ha 20-30 % i gaKi peaJlbHO JOCTYIHI YKpaiHCbKUM Nalli-
enTtaM, € PCSK9-inri6iTopu (evolocumab, alirocumab).
OpHak iX MUpPOKe BUKOPUCTAHHSI OOMeXeHe BHCOKOIO
BapTICTIO Ta BiACYTHICTIO JiepKaBHUX MPOrpaM BiJIKO-
JIyBaHHS, 110 BiZipi3HsI€ HaIly cUTYyarilo Bij GiabmIocTi
Kkpain €C Ta CIIA.

Cepen cydyacHUX $GapMaKOJIOTIYHUX CTpaTerid Hai-
6isbm BUBYeHUMHU € iHTi6iTopu PCSK9. [Ipenapatu
evolocumab Ta alirocumab BeJHMKHUX KJIiHIYHHX JOCi-
mxeHHsAX FOURIER Ta ODYSSEY OUTCOMES 3Hu»xyBaiu
Lp(a) Ha 20-30 % [21,22], npudyoMy HaHGiIbLI BUpaXKe-
HUH edeKT crocTepiraBcs y Halli€HTIB i3 HaWBUIUMH
BUXiIHUMH piBHAMH [23].

B ocTaHHI pOKHU aKTUBHO PO3POOJISIOTHCSA TapreTHi
reHeTHYHi Teparlii, 31aTHi 3a0e3MeYUTHU GiJbII TTIH60KE
3HmkeHHs Lp(a). AHTUCeHCc-ostiroHyKIe0TH/] pelacarsen
(TQJ230) y mocoikeHHsX pa3u 2 3MeHIyBaB HOTr'o KOH-
IeHTpalito Ha noHaz 80 % [24], a TpuBatode JOCTiKeH-
Hs Lp(a)HORIZON (¢da3za 3) noksMKaHe OI[iHUTH BILJIUB
IbOTO 3HMKEHHSI Ha YacTOTy KJiHIYHUX mofik [17]. e
[epCHeKTUBHIIIUMHU BUIJIALAOTH Tepallii Ha OCHOBI Ma-

Tabnuus 1
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soi inTepdepyrouoi PHK (siRNA) - olpasiran (AMG 890)
Ta SLN360, siki y paHHiX ¢pa3ax KJAiHIYHUX BUITPOOYBAaHb
3abe3nevyBasu 3HWKeHHs Lp(a) Ha 90-95 % 3 TpuBasic-
TI0 ebeKTy MOHa/, IMiB POKy [26,27].

151 nanieHTiB i3 HaZ3BUYaWHO BUCOKUM PU3UKOM Ta
pedpakTepHow rinepJinonpoTreiHeMieo(a) 3acTOCOBY-
€ThCA JIiNi/Ha adepe3Ha Tepartis, 0 A03BOJISIE 3HU3UTH
Lp(a) Ha 60-75 % [25]. Cy4acHi Ta nmepcneKTUBHI MeTO-
¥ 3HWKeHHA Lp(a) y3arasibHeHo B Tabuauii 1.

CKpUHIHT Ta cTpaTudikanisa pusuky

EBpomnelickke ToBapucTBO KapgiosioriB (ESC, 2021)
Ta AMepuKaHCbKa KapAioJoriyHa acouialisi CHiJibHO
3 AMepHKaHCBKUM KoJiemkeM KapgioJiorii (AHA/ACC,
2023) peKOMEHAYIOTb OHOPa30Be BUMipIOBaHHS PiBHSA
JlinonpoTteiny(a) IPOTAroM XXUTTS Y KOXKHOTO 0POCJIO-
ro 3 METOI0 BUSABJIEHHS 0Ci0 i3 reHETUYHO 3YMOBJIEHUM
MiJBUIEHHAM 1boro Mapkepa [10,13]. Oco6suBy yBary
CJIiA NPUIIATY NalliEHTaM i3 nepeJ4yacHO0 ieMidHO0
XBOPOOOI0 ceplisi a60 OO TSHKEeHUM CiIMETHUM aHaMHEe30M
[13,28], ocob6am i3 mporpecyBaHHSIM aTePOCKJIePO3y I0-
NpY ONTHMAJTbHUH KOHTPOJIb iHIIUX GAKTOPIB PU3UKY
[13], a Tako MOJIOIMM NAL[iEHTAM i3 TOCTPUM KOpOHAp-
HUM CHHJIPOMOM 3a BiZICYTHOCTiI KJIaCMYHUX PaKTOpPiB
pusuKy [8].

[Toporom BHCOKOr0 pU3UKY BBaXKalOTh piBeHb Lp(a)
noHaza 50 mMr/au a6o 125 HMoOJIb/J1, TPOTe y MAI[iEHTIB
i3 BUCOKMM CyMapHUM PU3WUKOM HaBiThb HIKYi 3HAUEH-
HSI MOXKYTb MaTH KJIiHiYHe 3HaYeHHH [6,11]. BktoueHHs
[[bOT'0 TTOKAa3HUKA /10 CYYaCHUX IIKaJI OL[iHKH PU3UKY, Ta-
kux ik SCORE2 ta QRISK3, po3misifaeTbcs K nepcnek-
TUBHUU NUISAX MiJBUIIEHHsS TOYHOCTI MPOTHO3YBaHHS,
0CO6JIMBO Y MOJIOIMX MAIiEHTIB i 0Ci6 i3 MPOMi>XXKHUM piB-
HeM pu3uKy [10,13,29,30].

AnropuTM, ajlanToBaHul 3 pekoMmeHganinn ESC Ta
AHA/ACC, nepen6adae omHOopa30Be BUMiptoBaHH: Lp(a)
y JOpocJoMy Bil, a y pasi BUsIBJIeHHSI 3HaY€Hb MOHAJ,
125 umousb/a1 (50 Mr/ma) - oIiHKy CymMapHOro ceplie-
BO-CY/IUHHOTO PU3UKY 3 BUKOPHUCTAHHSAM iHCTPYMEHTIB
SCORE2 a6o QRISK3. [Ipu HasiBHOCTi mepeadacHoi 1XC

CyyacHi ma nepcnekmueHi MEMOOU 3HUXEHHS pIiHs inonpomeiry(a)

3HUKEHHSA Crapis pocnipxeHHs /
Mpenapar / meton, Knac tepanii MexaHism paji Lp(a), % BUKOPUCTaHHS
MigBuweHHs knipency JIMHLL,
Evolocumab PCSK9-iHri6iTop i Lp(a) wnsxoMm iHribyBaHHs 20-30 daza 3, cxBaneHui
PCSK9
Alirocumab PCSK9-iHri6iTop AHanoriyHo evolocumab 20-30 Maza 3, cxBaneHui
Pelacarsen i Bbnokye MPHK Mdasa 3 (mocnipkeHHs
(TQJ230) AHTUCEHC-ONirOHYKNeoTHA anoninonpoteiny(a) y neviHui >80 Lp(a)HORIZON)
Olpasiran (AMG . } . IHribye cuHTE3 ) daza 2 (mocnipkeHHs
890) siRNA-Tepanis anoninonpoTeiHy(a) y neviHui 90-95 OCEAN(a)-DOSE)
. . IHribye cuHTE3
SLN360 siRNA-Tepanis anoninonpoteiny(a) y nevinui 290 Maza 1-2
. KniHiyHa npakTtuka
NlinigHwii adepe3  EkcTpakopnopanbHUit MeTos, MexaHiune sunanennsa Lp(a) 60-75 (y BUBpaHux KaTeropin

3 M1a3MU KpoBi

navuieHTiB)
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abo 06TsKEHOro ciMeHHOro aHaMHe3y TaKi Mali€eHTH
pO3rA/al0ThCA K Ipyna BUCOKOT'O0 PU3UKY, 110 NOTpe-
Oye arpecMBHOro KoHTtposto piBHs JIITHIL, Mmogudika-
1l croco6y >KUTTS Ta, 32 MOKA3aHHAMH, 3aCTOCYBaHHS
inribiTopiBe PCSK9. /Jlnsa oci6 i3 gy»ke BHUCOKMMHU 3Ha-
yeHHsAMH (>180 Mr/mJ) pekoMeHIOBaHO PO3IJSJATH
y4acTh y KJIHIYHUX JOC/IIPKEHHAX TapreTHOl Tepamil
[17,24,26,27].

Juckycis. [Tonpu 3HaYHUU porpec y BUBYEHHI poJi
JinonpoTeiHy(a) B maToreHe3i aTepoCKJIEPOTUIHHUX Cep-
11eBO-Cy/JUHHUX 3aXBOPIOBaHb, HU3Ka BAXKJIMBUX IUTaHb
3aJIMIIAETHCA BigkpuTow. [loTpebyoTh mHpoBeJeHHS
MaciTa6Hi IPOCIEeKTUBHI OCTipKeHHS, COpsSIMOBaHi Ha
yTOYHEHHSs IOPOTOBUX 3HaUYeHb Lp(a) [ pi3Hux nomy-
JISILIM 3 ypaXyBaHHSM BiKYy, CTaTi, ETHIYHUX 0COGJIUBOC-
Tel Ta CyNnyTHIX MeTa6o/iYHUX cTaHiB [6,15,16]. Heo6-
XiTHOI € TAKOX OL[IHKA KJIIHIYHOI KOPUCTI 3HMXXEHHH
Lp(a), oco6iMBO y MOJIOIUX MAIiEHTIB i3 MepeaYacHUM
aTepoCKJIepo30M i BiACYTHICTIO TpaAMI[iHHUX (PaKTO-
piB pu3uky [8,17]. OuikyBaHi pe3y/JbTaTH BEJHUKUX I10-
TouyHuX BUNpoOyBaHb (Lp(a)HORIZON, OCEAN(a) DOSE,
SLN360) MOXXyTb CTaTH KJIOYOBUMH [IJisl 3MiHU iCHYIO-
YUX CTaHapTiB JIiKyBaHHA [17,24,26,27].

[lle ofHUM NepPCIEKTHBHUM HAIPSAMOM € IHTerpauis
Lp(a) y npeAUKTUBHI MoJiesli Ta aJrOPUTMH MPOTHO3Y-
BaHHS — 30KpeMa po3po6Ka CIieliasi3oBaHUX LIKaJI, 110
Bi[0OpaXXaTHMyTh peajibHUM BHECOK LbOT0 GioMapke-
pPa y pO3BUTOK CepleBO-CyIuHHUX nogii [10,13,29,30].
[Topsiz i3 UM He0oOXiJHO BUBYATH AOBrOCTPOKOBY 6e3-
NeKy HOBUX TepaleBTUYHHUX CTpaTerii, BKIYHO 3 ix-
HiM BIUINBOM Ha CUCTEMYy reMocTa3y, MeTaboJi3M Ta
iMyHHY BignoBiab [24,26,27]. BaXX/IMBUM 3a/TUIIAETHCS
JOCJTiDKeHHs ciMeHHMX i TeHeTUYHUX acleKTiB, 1o J10-
3BOJIUTH iIeHTU(]IKyBaTH 0Ci6 i3 BUCOKUM CIaJJKOBUM
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Lipoprotein(a) as an Independent Risk Factor and Prognostic Marker of Obstructive Coronary
Artery Atherosclerosis in Young Patients: A Literature
Mariia B. Heneha, Yevhen Yu. Marushko, Georgii B. Mankovskyi
State Institution “Center of Cardiology and Cardiac Surgery of the Ministry of Health of Ukraine”, Kyiv, Ukraine

Abstract
Introduction. Lipoprotein(a) (Lp(a)) is a genetically determined, independent risk factor for premature coronary
artery atherosclerosis, exhibiting atherogenic, prothrombotic, and pro-inflammatory properties.
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Aim. To summarize current evidence on the pathophysiology, epidemiology, and clinical significance of Lp(a) in
young patients with obstructive coronary artery atherosclerosis, and to review emerging therapeutic strategies for
its reduction.

Results. Elevated Lp(a) levels (>125 nmol/L) are found in 20-30 % of the general population and up to 40%
of young patients with premature coronary artery disease, including those without traditional risk factors. High
Lp(a) levels correlate with disease severity (SYNTAX and Gensini scores) and increase the risk of reinfarction
and restenosis after percutaneous interventions. Current therapeutic options are limited; the most promising are
targeted genetic therapies (pelacarsen, olpasiran, SLN360), which can achieve 80-95 % reductions in Lp(a) levels.

Conclusions. Lp(a) measurement should be included in routine screening for high-risk groups. Incorporation
of novel therapeutic strategies into clinical practice may significantly improve the prognosis of young patients with
premature atherosclerosis.

Keywords: cardiovascular diseases, coronary heart disease, PCSK9 inhibitors, antisense oligonucleotides, sSiRNA
therapy, genetic risk marker, personalized prevention.
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1Y «HauioHanbHUI iHCTUTYT cepLeBO-CyAMHHOI Xipyprii imeHi M. M. AMocoBa HAMH Ykpainu», M. Kuis, Ykpaina

OcobnuBocTi nepionepauiifHOro nepioay NawieHTIB
3 roctpuM iHdpapKTOM MioKapaa

Pe3wome

XipypriuHa peBackyssipusallis Miokap/ia Ha TJi roctporo iHpapKTy Miokapza (IM) 3a/iviIaeTbcs OJHUM i3
HaWCKJIaHIIIMX HANpsIMiB KOpoHapHOI Xipyprii. Hapasi peTpocrneKTHBHUI aHa/i3 AAaHUX € EAUHOI MOXKJIU-
BiCTIO 3’iCYyBaTH poJib BiHIIEBOTrO LIYHTYBaHHA NpHU IM, OCKIJIBKY 1104aTOK BeJHKHUX NPOCIEKTUBHUX JOCII-
JUKeHb He NMiATPUMYETbCS OiJIBIIICTIO KapAio/IoTiB Ta KapAioXipypris.

MeTa. BuBunTH 0CO6JIMBOCTI NepionepaniiiHoro nepioAy y nauieHTiB i3 roctpum IM.

Marepiasim Ta MeToAu. [IpoBeIeHO PETPOCNEKTUBHUM aHasli3 BUIA/IKIB 26 Kap/ioXipypriyHUX MalieHTiB i3
roctpuM IM, ski 6y npoonepoBaHi Ta Bunucati 3 /1Y «HauioHasbHUN IHCTUTYT ceplieBO-CyAMHHOI Xipypril
iMm. M. AMocoBa HAMH Ykpainu». BciM nanieHTam npoBejieHi cTaHAApTHI KJiHiK0-1a60paTopHi 06cTexeHHs,
EKT, ExoKI, kopoHaporpadis Ta kapzaioxipypriune BTpy4aHHs.

PesyabraTtu. CepesiHiii Bik nauieHTiB ctaHoBUB 60,6 *+ 9,3 poky [aianazon 39-80 pokis], ingekc Yapscona -
5,53 £ 1,57, EuroSCORE II - 13,9 % [niana3on 5,01-68,2 %]. KapaioxipypriuHe BTpy4aHHs IPOBOAMJIOCH HA
npauorodomy cepui y 19 (73,1 %) Bunajkax. JJBoM nanieHTaMm i3 KapZioreHHUM LIOKOM Ha 2-Ty A06y Q-IM
BiHIIeBe LIYHTYBaHHS BUKOHYBAJIM B YMOBAX IITYYHOT0 KPOBOOGIr'y Ta BHYTPIIIHbOAOPTAJbHOK 6aJIOHHOIO
koHTpnysbcalieto (BABK). [Ipu ycknagnenux popmax [XC onepallii BAKOHYBaJIMCh B yMOBaX LITYYHOI'O KPO-
BooGiry (LUK), ne BiHLeBe MyHTyBaHHS JOMNOBHIOBAJOCH Pe3eKli€l0 aHEBPU3MHU JIiBOTO LIyHOuYKa (n=4),
IJIACTHKOI PO3PHBY MIXKIIJIYHOYKOBOI Ieperopoiku (n=2), TpoM6eKTOMi€l0 3 aHeBPU3MHU JIiBOTO IIJIyHOYKA
(n=2) Ta npoTe3yBaHHAM MiTpaJbHOTO KjianaHy (n=1). TpuBasicTb nepeObyBaHHS MALiEHTIB Y BiAAiJIeHHI iH-
TeHCUBHOI Tepamnil B cepeiIHbOMY cTaHOBUJIA 4,4 * 3,6 Ai6 [gianasoH 2-15 fi6], BUNMCyBaHHSA NaLi€EHTIB mic/s
omnepariil B cepefHbOMY BijjoyBasock Ha 10,6 + 5,6 106y.

BHCHOBKHM. 3anopykoro ycnixy xipypriuyHoi peBackysipu3anii Miokapza npu roctpomMy IM € ontumisauis ya-
Cy BTpy4aHH# Ta iHAuBiyanbHu# niaxig. binbwicts nanienTis (61,5 %) i3 non-Q-IM oTpumasnu kapaioxipyp-
riuHe BTpy4yaHHs y 1-1my 106y Bijg BUHUKHeHHS [M, Toai sik npu Q-IM (69,2 %) - Ha 8-20-Ty f06y. [lanjienTam i3
TpaHCMypaJbHUM IM, yCcK/IaJHEHUM KapZiOTeHHUM LIOKOM, eKCTPeHe BiHLeBe IyHTYBaHHA Ma€ IPOBOAUTH-
ca B ymoBax LK i3 npeBeHTHBHOW0 BABK. [Ipn MexaHiuHUX ycKIaaHEeHHAX [M He0OXiAHUH 1I0A€HHUM MOHITO-
puHr ExoKT juis juHaMivyHOI OL[iHKK PO3MipiB pO3pUBY MiXKLILIYHOUKOBOI eperopoaku (PMIIIT), ToBunHU
cTiHOK npu aHeBpu3Max JIlI, a Takok BU3HAYeHHsI MOGIIbHOCTI TPOMOOTUYHUX BKJIIOYEHb.

Kaluoei cnoea: zocmpuil kopoHapHull cuHOpoM, pesackyaspusayis miokapda, npayrrwye cepye, MEXaHIYHI
YCKAadHeHHs iHgapkmy miokapda, wmyyHull kpogoobie, ExoKI, onmumizayist uacy onepayii.

Bcetyn. XipypriyHa peBacKy/sipya3alis MiokapZa Ha
i roctporo iHapkTy Miokapzaa (IM) sanuuaeTbcs
OJHUM i3 HaWCKJIAJHIIIUX HANpsMiB KOpPOHApHOI Xi-
pyprii. CBoeyacHe BiJHOBJIEHHS BiHLIEBOTO KPOBOTOKY
iHdapkT3anexHoi apTepii € BU3HAYa/IbHUM (paKTOpPOM
noJasblioro nporyosy. [[pore HasiBHICTbL 6araTocyUH-
HOT'0 YpakeHHs BiHIIeBOI'0 PycJIa, @ TAKOXX BUHUKHEHHS

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

MeXaHiYHUX | TPOMOOTUYHUX yCKIaJHeHb IM obMexye
MO>KJINBOCTI €H/I0BACKYJISPHOTO BTPY4YaHHs Ta CTBOPIOE
nepeiyMOBHU Jid BiAKpUTOI KapAioxipyprii, Aka 3a3BU-
yall BUKOHYeTbcsA ¥ 1,2-5% nauienTis i3 IM [1]. Hapasi
peTpocneKTUBHUH aHasli3 JaHUX 3a/IMLIAETHCS €JUHOI0
MO>KJIMBICTIO 3’ICYyBaTH pOJIb BiHLIEBOTO LIYHTYBaHHS
npu IM, ockizibKY TOYaTOK BEJIMKUX NPOCIIEKTUBHUX [10-
CipKeHb He MiITPUMYEThCS Oi/bIIICTIO Kap/ioJoriB Ta
KapAioxipypriB. ¥ cy4acHill kJiHiYHIN mpakTuni xipyp-
riyHy peBackyJisipu3alito Miokapza npy IM BUKOHYIOTb
HEBEJIMKIM KiJIbKOCTi Nal[i€HTIB, OCKiJIbKU OiJbIIiCTh
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CIeliaJIiCTiB He € IPUXUJbHUKAMHU XipypridyHOl TAKTUKHU
Yepe3 36i/bIIeHHS ilIeMiYHOTr0 Yacy Ta BUCOKHUU piBeHb
nepionepaniiHuX yCKJIaJHEHD.

MeTa. BUBYMTH 0COGIMBOCTI IepionepaliiHoro mne-
pioay y maIieHTiB i3 rocTpuM iHpapKTOM MioKap/a.

Marepiasiu Ta MeToAU. [I[poBeIeHO PEeTPOCIEKTUB-
HUU aHaJs1i3 BUNIA/JIKiB 26 Kap/ioxipypriyHUX nauieHTiB
i3 roctpum IM, gKi 6ysn mpoomnepoBaHi Ta BUIKCaHI 3
1Y «HanjioHa/ibHUM IHCTUTYT CepleBO-CYAUHHOI Xipyp-
rii im. M. AMocoBa HAMH Ykpainu». YciMm nanieHTam
NpoBeeHO CTaHJAPTHI KJiHiKO-1a6opaTopHi o6cTe-
keHHs, EKI, ExoKI, kopoHaporpadito Ta Kapaioxipyp-
riyHe BTpy4YaHHS.

PesynbraTu. CepegHili Bik malieHTIB CckJazaB
60,6 + 9,3 poky (amiamaszon 39-80 poki). KniniuHa kap-
THHA NALi€HTIB XapaKTepu3yBasacsi 6araTorpaHHiCTIO
CKapr Ta HecTabiJbHOI0 reMoAuHaMikow (Ta6uauns 1).
[HbapKT Miokapaa HmaBHICTIO 70 3 TOAWH 3apeEeCTpo-
BaHUU v 4 (15,4 %) manienTis, 6 roguu -y 3 (11,5 %),
12-24 rogunu - y 4 (15,4 %), 2-5 1i6 -y 5 (19,2 %),
6-8 1i6 -y 4 (15,4 %), 10-20 #i6 -y 6 (23,1 %).

Ta6bnuusa 1

KniHidyHa kapmuHa nauieHmia 3 20CMpumM iHapkmom
Miokapoa, n=26
Kinbkictb
nauieHTiB, n=26
20 (76,9 %)
4 (15,38 %)
2(7,7 %)
12 (46,1 %)

10 (38,46 %)

KniHiyHa kapTHHa
CreHokapais crniokoto |V @K
CreHokapgis Il ®K
KapgpioreHHu# Wwok
3aAMLKa y CTaHi CNoKok

3aaMLuKa Npu MiHiManbHOMY di3n4yHOMY
HaBaHTAXEHHI

Qibpunsauis nepeacepab 5 (19,2 %)
LLinyHo4koBa Taxikapis 2 (7,7 %)
LLInyHoYKOBa ekcTpacmcTonia 6 (23,07 %)

CepueBa HepgoCTaTHICTb
IIAcT

I1'6cr.

I ct.

19 (73,07 %)
6 (23,07 %)
1(3,84 %)

AHnasi3 cynyTHiX 3aXBOpIOBaHb MAli€EHTIB MOKa3aB
BUCOKHMH piBeHb MoJiiMOpOigHOCTI: iHgeKc YapJsicoHa B
cepelHbOMY CTaHOBUB 5,53 + 1,57. Y Tabsuni 2 HaBefe-
HO KOMOPOiIHICTb NaLliEHTIB AOCIiIHOI IPYIIH.

3a mpanumu EKI, Q-iHdapkT Miokapzaa BusiBjieHO y 13
(50 %) manienTiB, non-Q IM giarsoctoBano y 13 (50 %)
BUMNaAKax. 3a gaHuMu ExoKI, ¢pakuis sBukugy (PB)
JgiBoro muiyHoyka (JIIII) B cepelHbOMYy CTaHOBHJIA
48,3+ 7,74 % (miamason 30-63 %), KiHmeBo-iacTostiyu-
Hu# o6'em JILI - 150 + 33,3 mu1 (miamason 110-230 mu).
3aHbO-6a3abHy aHeBpu3My JIIII 3 po3puBOM MiXKIILTY-
HOYKOBOI neperopoku (PMIIII) BusiBneno y 1 (3,84 %)
BUINA/IKy, aHeBpU3My nepeaHbol cTinku JIII 3 PMUIII -y
1 (3,84 %), aneBpusmy nepenHboi crinku JIlI i3 ¢psoTy-
104UM TpoM6oM -y 2 (7,7 %), rocTpy MiTpaJibHy HeJo-

Ta6bnuusa 2

Komopb6idHicms nayieHmis 3 20cmpuM iHpapkmom

Miokapoa, n=26

KinbkicTb naujienTis, n-26
26 (100 %)

Komop6iaHicTb

linepToHiyHa xBopoba

AHaMHe3 rocTporo nopyLIeHHs

MO3KOBOI0 KpOBOObiry 5 (19,2 %)

MopyLeHHs TonepaHTHOCTI

[10 [0KO3M 11 (42,3 %)

LlykpoBuit giabet 2-ro tuny 5 (19,2 %)

10 (38,5 %)

OxupinHHg |-l cT.

XpOHiyHe 06CTPYKTUBHE 3aXBO-

PIOBaHHS NereHb 15 (57,7 %)

bpoHxiT Kypus 17 (65,4 %)

CTeHo3yl0uMit aTepockiepos

apTepin HUXKHIX KiHLIiBOK 15 (57,7 %)

9 (60 %)
*[lynnekcHe CKaHyBaHHS
npoeefeHo 15 nauieHtam

CreHo3yuuit aTepocknepos
6paxiouedanbHux apTepin

Bapunko3Ha xBopoba BEH HUXKHIX

KiHL,iBOK 7 (26,9 %)

XpoHiyHa xBopoba HMpOK

I cr. 9 (34,6 %)

CTaTHICTb BHACIIZIOK 06PUBY XOp[ 3aJAHbOI CTYJIKH Mi-
TpaJsibHOrO0 KyanaHa - y 1 (3,84 %) (pucyHoxk 1).

Jl1d mauieHTiB i3 MeXaHIiYHUMM yCKJIaJHeHHAMU [M
BaXKJIMBUM € 10JeHHUU MOoHiTOpUHT ExOKT 51 nuHa-
Mi4HOI onjiHku po3mipiB PMIIII, ToBmMHMU CTIHOK npU
a"eBpu3Max JIII Ta MOGIILHOCTI TPOMOGOTUYHHUX BKJIIO-
YyeHb [2].

[Ipu npoBemeHHi KopoHaporpadii KiJbKicTh ypa-
)KeHb y cepeHbOMYy cTaHoBuWJa 3,3 + 1,3 aprepii. Bu-
ABJIeHI reMOJMHAMIYHO 3HAyylli CTEHO3U: OCHOBHOTO
croBoypa (OC) niBoi kKopoHapHoi aptepii (JIKA) - y
6 (23,1 %) nanieHTiB, NepeAHbOI MIXKIIJIYHOUYKOBO] T'iJ-
ku JIKA -y 25 (96,1 %), aiaronanbHoi rinku JIKA -y
7 (26,9 %), orunatoyoi rinku (OT) JIKA -y 19 (73,1 %),
risku tynoro kpato Ol JIKA -y 7 (26,9 %), apTepii iH-
Tepmegia -y 3 (11,5% ), OC npaBoi kopoHapHoi apTe-
pii (IIKA) -y 5 (19,2 %), [1KA -y 22 (84,6 %), 3ajHbO1
MikiTyHoukoBoi risiku [IKA - y 5 (19,2 %), apTepil
roctporo kpatw [1KA -y 1 (3,84 %), naTepasnbHoi KK
[IKA -y 1 (3,84 %). HasiBHicTb GaraTocysuHHOIO ypa-
»KEHHS BiHI[€BUX apTepill moTpebyBasia NpoBeseHHs Xi-
pPypriyHol peBacKyJigpu3allil MioKap/a, a He eH/J0BacKy-
JIIPHOTO JIiIKyBaHHS.

[Ipu mepenmonepaniiHii crpatudikarii pusuky Jo-
rictruuauit EuroSCORE 1 craHoBuB 36,7 £ 24,5 % (zia-
nasoH 8,2-89,6 %), EuroSCORE II - 13,9 % (xiamazon
5,01-68,2 %), STS - 7,48 % (miamason 0,5-42,2 %).

Binbuicts nanienTis (80,8 %) noTpedyBasu i30/1b0-
BaHOI0 BiHI[€BOTO IYHTYBaHHA, Vv 5 (19,2 %) naijieHTiB
BepudikoBaHi yckagHeHi popmu IXC, 1m0 TakoK BUMa-
rajd NpoBeJleHHd HEBIJKJaJHOr0 KapZioxipypriyHoro
BTpy4yaHHs. KoxeH naiieHT o6roBoproBaBcs CEPIEBOI0
KOMaHZ0K [Ji1 BUOOPY ONTHMAaJbHOI cTpaTerii JIiKy-
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PucyHok 1. A - aHespu3sma /il 3 po3pugom MixwnyHoYK080i nepe2opodku; b — aHespusma JiLll 3 pnomyrwdum
mpombom; B — 2ocmpa mimpansHa HedocmamHicme 8Haciook 06pusy xopd 3a0HbOI CMyKU MimpPanbHO20 KAanaHy

BaHHA. KapzioxipypriuHe BTpy4aHHs NPOBOJAMJIOCH Ha
npauowdomy cepui y 19 (73,07 %) Bunagkax. Cepen
13 mayieHTiB 3 non-Q IM kapgioxipypriuHe BTpy4aH-
Hs npoBesieHo y 1-y no6y IM y 8 (61,5 %) Bunajkax,
Ha 5-y 06y -y 4 (30,7 %), Ha 7-y poby -y 1 (7,7 %).
JBoM (15,4 %) nmaunientam 3 non-Q IM omnepanis BUKoO-
HyBaJlacb B yMOBax UITy4Horo kpoBoobiry (ILIK). Cepeg,
13 nauienTiB 3 Q-IM omnepauil N1poBOAUJIUCE y HepIly
o6y iHdapkTy Miokapga vy 3 (23,07 %) Bumajakax, Ha
4-y nody -y 1 (7,7 %), na 8-y noby - 3 (23,07 %), Ha
15-20-y o6y - 6 (46,1 %). /lBOM nalieHTaM 3 KapAioreH-
HUM LIOKOM Ha 2-y A,00y TpaHcMypasibHoro IM BiHLleBe
LIYHTYBaHHA NPOBOAU/I0CH B yMoBax 1K Ta npeBeHTHB-
HOI0 BHYTPiIIHb0AOPTa/IbHO0 6aJI0HHOI KOHTPINYJIbCa-
Li€LO.

HesBakaroun Ha HecTabiJIbHICTH reMoJHMHaMiKM Ta
NepeBaXKHe BUKOPUCTAaHHS METOAUKH MpaLlOI0yoro
cepls, BCIM MNallieHTaM NpoBeJieHA NOBHA peBacKyJisl-
pu3ania Miokapza: cepeHsa KiJIbKICTb IIYHTIB CKJIaJalia
3,3 £ 1,2. BHyTpiwHi rpygHi apTtepii BUKOPpUCTOBYBa-
auch y 19 (73,07 %) nauieHTiB, ceKBeHILilHI IIYHTH - Y
8 (30,7 %). KanbiuHo3 aopTtu BusABJIeHo ¥ 3 (11,5 %)
nauieHTiB. [Ipu ycknagHenux ¢opmax IXC oneparnii Bu-
KoHyBasuChb B yMoBax llIK, fie BiHI|eBe 1IyHTyBaHHA [Jj0-
MTOBHIOBAJIOCh pe3eKI|i€l0 aHeBPU3MHU JIiBOTO LIJIYHOYKA
(n=4), niactukoto PMIUIII (n=2), TpoMm6ekTOMi€t0 3 AJIIII
(n=2) Ta npoTe3yBaHHSIM MiTpasibHOTro KjanaHy (n=1).
B cepegHbomy yac nepoysii cknagaB 144 + 79,8 xB, yac
IepeTUCKaHHA aopTH — 72,6 £ 29,9 xB, KapZioneris BU-
KOPHMCTOBYBaJach y 3 nauieHTiB. Bcim nanieHTam nposo-
aunachk guoyMeTpis, 10 [03BoJIsJIa iHTpaomnepauiliHo
OLIHUTH SIKICTb HaKJaJaHHS aHAaCTOMO3IB

Cnif 3a3HAYUTH, 110 Y MalieHTIB 3 rocTpuM IM 6yB
BaXXKHWH reMocCTas 3 OIJIsly Ha MaCUBHY aHTHArperaHT-
Hy Ta aHTUKOAry/JsIHTHY Tepalilo 6e3rnocepe/JHbO Harlle-
penoAHi KapaioxipypriuHoro BTpy4aHHd. KpoBoBTpaTa
B cepeiHbOMY cKJasa 375,5 + 66,7 mu. TpuBanicTh omne-
pauii craHoBusa 284,7 + 81,6 XB, IUTY4YHOI BEHTHUJIALII
JereHb - 8,5 * 4,5 rouH [fiana3oH 5-25 roguH].

[ocTpa ceplieBo-CyAMHHA HeJOCTATHICTb y PaHHbO-
My micasionepariiiHoMy nepioai BUHUKIA ¥ 9 (34,6 %)
nauieHTiB. ['eMoTpaHcdysito y micasonepayiitHoMy me-
piozi npoBefieHo 12 (46,1 %) nmauieHTaM. PeTopakoTo-

Mif 3 IPUBOJY KPOBOTeUl IPOBeJeHa OJHOMY MalieHTy
80-u pokiB, y fIKOro micjasonepauiiHuil nepios yckiaaj-
HUBCSA iHQeKILi€l0 paHU TPYJHUHH, TOCTPOI HUPKOBOIO
HeJIOCTATHICTI0O Ta MNOCTTIMOKCUYHOW eHIedasonari-
€to. IlyHKLiA IJeBpaJbHUX IOPOXKHUH IIPOBeJeHa y
19 (73,07 %) Bunazkax. [lapokcusmu ¢pibpunsauii nepen-
cepib BUHUKIN y 5 (19,2 %) nmauieHTiB, TpaH3UTOPHA
imemiyHa ataka - 1 (3,8 %). TpuasicTh nepebyBaHHs
MaLi€EHTIB Yy BiAJiJeHH]I IHTEHCUBHOI Tepamnii B cepej-
HbOMY cTaHOBUJA 4,4 * 3,6 #i6 [fiana3oH 2-15 xi6], BU-
[IMCyBaHHA NMALiEHTIB Mic/da oneparii — B cepeJHbOMY Ha
10,6 + 5,6 1o6y [aianason 5-30 fi6].

06roBopeHH4. /loLibHICTb BiHI]€BOTO LIYHTYBAHHS
Ha TJ1i roctporo IM Typ6ye cneniaicTiB y>xe He ofjHe Jie-
cATUpivys. JleTas1i30BaHO BUBYMBIIM JaHi Cy4acHOI Ji-
TepaTypH 040 XipypriyHol peBacKyadpu3salil Miokap-
Jla (ornisaj npeacTaBieHUM y Hawil po6oTi «Hu € micne
xipypriuHili peBackysisipusanii npu roctpoMmy iHdapKTi
Miokapza?» y N2 2 1poro KypHasy), MU AiHIIIM BUCHO-
BKY, 1110 OJHOT'0JIOCHOI CTpaTerii BeleHH Nalli€EHTIB 3 ro-
ctpuM IM He icHye. Tak, 3a JaHUMU aMepUKaHCbKUX aB-
TOpiB, paHH4 (npoTsroM 7 Ai6) xipypriuHa peBacKysipu-
3allis MioKap/ia € KOPHUCHOM, 0COGJIMBO JIsI MALiEHTIB 3
IM 6e3 niatiomy cermenTa ST [3]. CTpaTerii 6iab11 BUA-
KOT'0 KOPOHApHOTO WYHTYBaHHA (A0 24 roauH abo mic-
Jis 3-1 no6u IM) npUTpUMYIOThCA U NiBAEHHOKOPENChKI
BYE€HI, HaroJIOIYI4YM Ha BaXXJIMBOCTI oNTUMIi3auil yacy
BTPY4YaHHS 3 MeTOI 3MeHIIeHHs piBHA cMepTHOCTI [4].
3rifiHo 3 peKoMeH/alis MU EBponelcbKOro TOBApHUCTBA
KkapgziosioriB 2023 poky Ta AMEpPUKaHCBKOI'O KOJIEKY
kapgiosioriB 2025 poky, ekctpeHne Kl caig posrasgatu
y NMaLieHTIB 3 HENPUAATHO JJI Yepe3IUKipHOTo BTPY-
YaHHS aHATOMI€I0 BIHLIEBOTO PYyCJa, BEJUKOIO ILIOLILEI0
ypakeHHsI MiokapJia a6o KapZioreHHuUM IokoM [5,6].
[lanieHTaM 3 MexaHIYHUMHU ycKjaAHeHHAMU IM Heo6-
XilHa XipypriyHa peBacKyJdpu3sallid Miokapza pas3oM
i3 KopekIi€l0 MexaHiUHUX yckaagHeHb [7,8]. [Ipu IM 3
esieBaljiero cermenTa ST Ta HeBfaiuM YKB BMKOHaHHS
ekctpeHoro KIII mpoBoAauThCA piJKO, OCKIJIBKH Ilepe-
Baru XxipypriyHoi peBackyJsdapu3salii MiokapZa B LibOMY
BUIIaJKy MeHLI neBHi [5,6,9]. Ockizibku npu BiHLIeBOMY
LIYHTYBaHHI cHoCTepiraeTbcss 3aTpuMka penepdysii,
WMOBIpHICTb aJleKBaTHOI'O BiZjHOBJIEHHSI MioKap/a BBa-
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»)KAETHCS HU3bKOO, KpiM TOro, xipypriudi pusuku KII
nigBuIeHi [5].

BaxxJiuBMM acnekToM JIIKyBaHHA IaLi€HTIB 3 ro-
ctpuM IM € olLliHKa KOMOPOiIAHUX CTaHiB, mepeaonepa-
IiiHa cTpaTtudikallisa pUsHKy Ta iHAUBIIyaJIbHUN mij-
xim [10,11,12,13,14]. 3rigHo 3 JaHMMH aBTOPiB 3 ANOHii,
nanieHTy 3 IM, AKMM BUKOHYBaJIY BiHI|eBe LIYHTYBAaHH4,
YacTille MaJiu XapaKTepUCTUKU BUCOKOTO PU3UKY, IPO-
Te BHYTpPIlIHbOJIIKApHSIHA CMEPTHICTh B HUX Oy/1a HUXK-
ya [14]. CMepTHicTb IpH XipypriuHil peBacKyaspusarii
MioKap/ia Ha T1i roctporo IM 6y/1a BUIIOKO Y JKiHOK, HiXK
y 4oJi0BiKiB 5,7 % npotu 4,3 % (p<0,001). XKinku Takox
MaJIM BUILIi TOKAa3HUKU CEPHO3HUX YCKJIAJHEHD, Oi/bII
TpuBaJsie epeOGyBaHHS y CTalioHapi Ta BUILi BUTPATH
[15,16]. CTaTyc namieHTa MOXe BIIMBATH SIK HA TEXHIKY
KIII (B ymoBax IlIK a6o Ha mpaifforouoMy cepiii), Tak i Ha
BUOIp KOHAYITiB. BimoMo, 1110 BUKOPHUCTAHHS apTepiaib-
HUX rpadTiB MOB’S13aHO 3 KPaL[OI0 JOBTOCTPOKOBOIO BU-
»kuBaHicTO [17,18], mpoTe HEOOXiIHICTDb MBUAKOI Xipyp-
rivHOI peBacKy/IsIpu3allii B eKCTPeHUX BUITaAKaX 00Mex-

y€ BUKOPUCTaHHA OBHOI apTepia/ibHOI peBacKyJIsgpr3a-
1ii yepe3 GisbII TPUBAIUK Yac, HEOOXIAHUH AJid 3a60py
TpaHcIJIaHTaTa. BoJiHO4Yac 3acTocyBaHHA TOTaJbHOTO
BeHo3Horo KIII a6o oxHi€l JiBoi BHYTpIlIHBOI IpyaHOI
apTepii 3 0JaTKOBUMH BEHO3HUMMU TpaHCIJIaHTaTaMHu
MOXKe 6yTH JoliJibHUM 1pH IM [5,19,20,21].

BHCHOBKM. 3amnopykor YCIixy xipypriuHoi peBac-
KyJIsipy3arnil Miokap/ia Ipu rocTpoMy iHGapKTi MioKkap-
Jla € ONTHUMI3allifd yacy BTpy4YaHHs Ta iHAWBiAyaJbHUUN
nigxig. Binbmocti manienTie (61,5 %) 3 non-Q-IM kap-
JioxXipypriuHe BTpy4YaHHsI NpoBeJieHO y 1-y mo6y Bifg
BUHUKHeHHs M, Tozi sik npu Q-IM (69,2 %) - Ha 8-20-y
no6y. [anienTam 3 TpaHcMypaabHUM IM, ycKJIagHEHUM
Kap/ioreHHUM LIOKOM, eKCTpeHe BiHIleBe IyHTYBaHHS
Mae npoBoAuTHCh B yMoBax IIK Ta 3 mpeBeHTHUBHOIO
BABK. [Ipu MexaHiYHUX yCKJagHeHHAX IM Heo6XigHUN
moaeHHUM MoHiTOopuHr ExoKI gz auHaMivyHOl OLjiH-
k4 po3MipiB PMIIII, TOBIMHYM CTIHOK PHU aHEBpPU3Max
JIIII, a Tako>k BU3HAaYeHHSI MOOIJIBHOCTI TPOMOOTHUYHUX
BKJ/IIOYEHD.

10.

11.

12.

13.

CnuCOK BUKOPHCTAHMX JKepesa
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Perioperative Features in Patients with Acute Myocardial Infarction
Olena K. Gogayeva, Mykola L. Rudenko, Oleksandr O. Nudchenko

GF “Amosov National Institute of Cardiovascular Surgery NAMS of Ukraine”

Abstract

Surgical myocardial revascularization in the setting of acute myocardial infarction (MI) remains one of the
most challenging areas of coronary surgery. Timely restoration of coronary blood flow in the infarct-related artery
is a key determinant of patient prognosis. However, the presence of multivessel coronary artery disease, as well
as mechanical and thrombotic complications of M], limits the feasibility of endovascular interventions and often
necessitates open cardiac surgery, which is performed in only 1.2-5 % of MI patients. At present, retrospective data
analysis remains the primary method to assess the role of coronary artery bypass grafting (CABG) in M|, as initiating
large prospective studies is unlikely to gain support from the majority of cardiologists and cardiac surgeons.

Aim. To study the features of the perioperative period for patients with acute myocardial infarction (MI).

Materials and Methods. A retrospective analysis was performed on 26 randomly selected cardiac surgery pa-
tients with acute MI who underwent surgery and were subsequently discharged from the GF “Amosov National Insti-
tute of Cardiovascular Surgery NAMS of Ukraine”. All patients received standard clinical and laboratory evaluations,
including ECG, echocardiography, coronary angiography, and cardiac surgical intervention.

Results. The average age of the patients was 60.6 + 9.3 years [range 39-80 years], Charlson index - 5.53 + 1.57,
EuroSCORE II - 13.9 % [range 5.01-68.2 %]. MI of up to 3 hours’ duration was registered in 4 (15.4 %) patients,
MI of 6 hours’ duration - in 3 (11.5 %), MI of 12-24 hours’ duration - in 4 (15.4 %), MI of 2-5 days’ duration - in 5
(19.2 %), MI of 6-8 days’ duration - in 4 (15.4 %), MI of 10-20 days’ duration - in 6 (23.07 %). Q-MI was detected in
13 (50 %) patients, and non-Q MI was diagnosed in 13 (50 %) cases. Surgery was performed on the beating heart in
19 (73.07 %) cases. Two patients with cardiogenic shock on the 2nd day of Q-MI underwent coronary bypass graft-
ing on-pump with intraaortic balloon counterpulsation. In complicated forms of CAD, operations were performed
on-pump and coronary bypass grafting was supplemented with resection of left ventricular aneurysm (n=4), ven-
tricular septal rupture repair (n=2), thrombectomy of left ventricular aneurysm (n=2), and mitral valve replacement
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(n=1). The average duration of stay in the intensive care unit was 4.4 * 3.6 days [range 2-15 days], and patients were
discharged on average 10.6 + 5.6 days after surgery.

Conclusions. The key to successful surgical myocardial revascularization is the optimization of operative timing
and an individualized approach. Most patients (61.5 %) with non-Q MI underwent cardiac surgery on the 1st day
after MI onset, whereas in patients with Q-MI, 69.2 % underwent surgery between the 8th and 20th day. Patients
with transmural MI complicated by cardiogenic shock should undergo emergency on-pump CABG with preventive
IABP. In cases of mechanical complications of MI, daily echocardiographic monitoring is necessary for dynamic
assessment of the size of the VSR, the thickness of the left ventricular wall in postinfarction aneurysms, and the
mobility of thrombotic masses.

Keywords: acute coronary syndrome, myocardial revascularization, beating heart, mechanical complications of
myocardial infarction, on-pump, Echocardiography, optimization of surgery time.
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HetepmiHaHTn peBackynapusauinHoro ycnixy STEMI nauieHTis

Pe3ome

AxTyanbHicTb. be3nocepeHi aHriorpadiuni pe3ysbraTi YyepesiiKipHOoro kopoHapHoro BTpy4aHHs (UYKB)
npu STEMI € BaXX/IMBUM KpUTEPIEM OLIHKH YCIILIHOCTI BTPY4YaHHS Ta NPOrHo3y mnanieHTiB. KapaiorenHui
LIOK fIK YCKJIaJiHEHHs iHdapKTy Miokapga goci noTpebye mojasblIMX JOCTi/KeHb JJisi pO3POOKHU 6iJbll
KOMILJIEKCHOTO MEHEPKMEHTY, aJlXke CMEPTHICTb 32 JAaHUMU JIiTEPATypH BXKe 6araTo poKiB 3a/IMLIAETHCS Ha
piBHi 40-50 %. Po3yMiHHS BIJIMBY 3aCTOCYBaHHS IEBHUX iIHTepBEHLiHHUX METOAUK (peAuiaTaLis, TpoM60-
acmipanis, noctauiaTanis) Ha ycnimHicTs YKB Bifjirpae K/ro4oBy poJib y NparHeHHi 0CATHYTH BULIOI rpaja-
1ii KpoBOTOKY 3a mkKasnow Thrombolysis in Myocardial Infarction (TIMI).

Meta. HaBecTH CTaTUCTUYHO 3HaUyLli KopeJsslil KJIHIYHUX Ta iHTpaonepauiliHUX NepBUHHUX AaHUX, AKi
BIIMBAIOTh Ha pe3yJbTaT peBacKyasapusanil npu YKB. ChopmyBaTH ysaBJIeHH JiKapiB Mpo Te, IK KOMOPO6iJ-
Ha [aToJIOrisl, METOAUKY IHTepBeHLiHHOr0 BTpy4YaHHs a60 CTaH reMOJAMHAMIKU MOXKYTh BIUIMHYTH Ha rpaja-
1ito kpoBoToky TIMI micsis creHTyBaHHSA iHpapKTHOI apTepil.

Marepiasiu Ta MeTogu. HaBesieHo faHni 3a nepiog 2022-2024 pokiB, s1Ki BK/I04aoTh 164 nanieHTH 3 indapk-
TOM Miokap/a 3 esieBalji€to cerMmeHTa ST, AKMM IpoBesieHO MeXaHiuHy penepdysilo Miokap/a LISXOM CTEHTY-
BaHHs. B ycix Buna/ikax 6yJia iMnjiaHTOBaHa O/lHA CTEHT-CUCTeMa 3 JIIKyBaJIbHUM NMOKPUTTAM TPaHCpaAiaib-
HUM apTepia/bHUM JocTynoM. [IpoBesieHO criocTepexHe aHaliTUYHE PeTPOCIeKTUBHE JocaifxeHHs. OqHo-
IrpyHOBUH aHaJi3 IepBUHHUX BXiIHUX JJaHUX, aHTiorpadidyHuX 0cob61MBOCTeH Ta 6e3nocepejHiX pe3ybTaTiB
peBacKy/sspu3alii 3/[iiCHEHO BiANMOBIIHUMHU CTATUCTUYHUMH METOAAMU 3 BUSBJIEHHSAM HAWOGI/IbII KJIIHIYHO
3HAYYLIMX KOpeJsLii.

Pe3ysnbraTu. HaBeseHi faHi BifoOpaXkaloTh CTYHiHb B3aEMO3B’SI3Ky K/IIHIUHUX MapaMeTpiB i3 pe3y/bTaToM
peBacky/sipu3auii. Cepesi BUSIBJIEHUX KOpeJIALif HAaUGI/IbIl 3HAUYYIIMMU OYJIM HACTYIHI: MAliEHTH CTapLIol
BiKOBOI rpynu MaJiv BUIY KMOBIpHICTb 6araToCyJUHHOI0 ypaxKeHHs1 KopoHapHux apTepii (BYKA); npu my-
kpoBoMy aiabeti (LI/]) yacTtime cnioctepiraetTbcs TpuBaJilui nepiof roctrpoi imeMii Ta yacTilne BUHUKAE
kapgiorennui mwok (KII). Yum goBuie TpuBae yac roctpoi imemii, TuM Buia iMoBipHicTh po3BuTkKy KIII.

BucHoBKU. UuM Jj0B1IMI nepiog rocTpoi imemii Miokapza, TUM HUk4Mi nokasHUK TIMI nicis crenTyBanH:A [3A.
[lanieHTH 3 imemiero noHas 12 roAuH YacTilie Maiu CyGOKJI03i10 IK MOPQOJIOTito yparkeHHs apTepii. [TanienTu 3
I'KC Ha ¢oHi ykpoBoro giabeTy misHillle 3BepTaroThCA 32 MEAUYHOO IONIOMOI0I0 Ta YaCTillle Mal0Th KapZioreH-
HUM oK. Tpomb6oacniparisi Ta mpeAuiaTalisi MalOTh HEraTUBHUN BIUIMB Ha KpoBOTik TIMI nmpu YKB Ha [3A.

Katouoei caoea: kapdiozeHHUll wok, Yac pesackyaspusayii, mpusasicms iwemii, infpapkm miokapoa, no-reflow.

Bcryn. IHTepBeHLiliHe BTpy4YaHHSl NpPU TOCTPOMY
TpoM603i KOpoHapHOI apTepii € 0CHOBHUM penepdy3iii-
HUM 3axozoM y JjikyBaHHI STEMI. YepesukipHe BTpy-
YaHHs Jla€ 3MOTy 3a6e3Me4ynTH BiZJHOBJIEHHS IPUPOJHO-

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

ro TOKy KpOBi, BAKOPUCTOBYIOYHU IIPU L1bOMY MiHiiHBa-
3UBHUH apTepiabHUN JOCTyI. Baxx/uBo, 11106 npoueay-
pa peBacKy/aspusauil BifoBizana NeBHUM KpUTepiaM
ycnimHoro YKB, TakuM sk focAirHeHHs1 KpoBOTOKY TIMI
2/3 B 13A, 3anumkoBuil creHo3s He 6isnbiie 20 %, BigcyT-
HICTh JUCTaJIbHUX eMO6OJIiH, reMOAUHAMIYHO 3HAYUMHUX
JUCeKIiid abo iHTpaomepaunifiHoro Tpom603y. OpHAK
OTPUMaHHS ONTUMAaJIbHOTO aHriorpadiyHoro pesysb-
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TaTy 3aJIeXKUTh He JIMIIe BiJi MaliCTepHOCTI onepaTopa,
a ¥ Big meBHUX JeMorpadivyHuX, KJIiHIYHUX Ta reMOJu-
HaMiYHUX YUHHUKIB. CaMe TaKi BaKJIMBi B3aEMO3B A3KH,
AKi 3/aTHI BIUIMBAaTU Ha eQEKTUBHICTb CTEHTYBaHHS,
HaBeJleHi B pe3yJbTaTax J0CJai>KeHH4.

Meta. HaBecTy Hali6isibII BaroMi ¢pakToOpH, 110 BILIH-
BalOTh Ha Ge3nocepeAHil aHriorpadiyHWN pe3yabTaT
YKB Ha ¢oni I'KC 3 eneBanieto cermenTa ST. [IpogeMoH-
CTpyBaTH METOJUKH 06a30BOi KopeJslii Ta 6araTodak-
TOPHOTO perpeciiHOro aHati3y AeMorpadiyHux, KJIiHid-
HUX Ta aHTiorpadivHUX JaHUX Y JOCTiIKyBaHil KOTOPTi
naiieHTiB. OnucaTy HaM6iIbII BaroMi B3aEMO3B’I3KHU B
rpyni nauieHTis 31 STEMI.

Marepiaiu Ta MmeTogu. Hamu 6ysio nmpoaHasizoBa-
HO 164 nawi€eHTH 3 TOCTPUM KOPOHAPHUM CHH/POMOM 3
esieBallieto cermeHTa ST, siki 6y/u rocmitasnisoBaHi y me-
piog 2022-2024 pokiB. YciM naujieHTaM npoBeJieHO Me-
xaHiuHy pernepdysito Miokap/a UIISXOM CTEHTYBaHHS —
OJlHa CTEHT-CUCTeMa 3 JIiKyBaJIbHUM NMOKPUTTAM 4yepes
TpaHcpaAiaJdbHUHU goctym. JlocrimkeHHsT Oy/0 crocTe-
PEXHUM, aHaJIiTUYHUM Ta PeTPOCIIeKTUBHUM. [IpoBeje-
HO SIK OJJHOTPYNOBUM aHaJi3, TaK i po3Mo/iiJ Nali€eHTIB
Ha YOTHUPU IPYNH 3aJ€XKHO Bij JOCATHEHHS KPOBOTOKY
TIMI micns crentyBanHs [3A (Tabauns 1). Buokpemiie-
HO 3aJ/IeXKHI Ta He3aJsiexKHi 3MiHHI y MEPBUHHUX JJaHUX
nanieHTiB. /[lo 3a/IeXKHUX BiJHECEHO rpajalil KpoBo-
Toky TIMI, no He3aneXxxHUX — HeMorpacdiuHi (Bik, cTaTh,
iHmekc Macu Tiia), KIiHIYHI (HassBHICTb KapZioreHHOTO
IIOKY, Yac BiJ MOSIBU CUMIITOMIB J1o penepdysii, apTepi-
aJIbHa rinepTeH3is, IIyKpOBUH AiabeT, KypiHHS) Ta iHTep-
BeHILIMHI MeTOAWKHU (IpeausaTallis, TpoM6oacmiparis,
noctauaaTanis). Jus aHani3y JiHiHHUX B3a€EMO3B’sI3KiB
BUKOpPHUCTaHO KoedilieHT kopessanii [lipcona, s omiH-
KW CTAaTUCTHUYHOI 3HAYyLOCTI — p-3Ha4eHHd. Takox 3a-
cTocoBaHO MeToj pairwise deletion [1] gy 06po6KM
IPOMyIeHUX 3HAaYeHb, 1[0 3yMOBJIEHO CKJIAJHICTIO 360-
Py aHaMHe3y y NaLliEHTIB y CTaHi COMOPY YU KOMU NPHU
KapZioTeHHOMY IIOI|i, 3 MeTO MaKCMMaJbHOTO BHUKO-
PUCTaHHSA JOCTYIHOI iHpopMaril mpu o6po6Ili mepBUH-
HUX JlaHUX.

Pe3ysbTaTH Ta iX 06roBOpeHHs. /o HaN6iibII 3Ha-
YyuMHUX 6e3nocepeHix pesysnbraTiB YKB npu indapkTi
HaJIeXXUTh CTYMiHb BiZJHOBJIEHHSI KPOBOTOKY B [3A. ¥V
I[bOMY IOCJIi’)KeHHI KpuTepisaiMu «ycmimHoro» YKB 6y-
Jio Bu3HaHO gocsirHeHHs TIMI 2/3 ta MBG 2/3 micis
cTeHTyBaHHA. Huxdi 6asbHi 3HAYEHHS PO3IVISALAINCS
K peHOMEH HEBiTHOBJIEHOT'0 KPOBOTOKY a60 no-reflow.
CepenHiii yac TpuBajoCTi rocrtpoi imemii cTaHOBUB
13,24 roguHy, CTaHAAPTHE BiXuaeHHs — 9 roAWH, MiX-
KBapTWIbHUH Aiama3oH (IQR) - 14 roguH.

OTpuMaHi JaHi MOXKYTb CPOPMYBATH YSBJIEHHS JiKa-
psi Ipo O4iKyBaHi pe3ysbTaTH penepdy3iiHUX 3aX0/liB
Ta MPOJIEeMOHCTPYBAaTH B3aEMO3B’I30K KJIHIYHUX mMapa-
MeTpiB i3 6Ge3mocepeAHIMU pe3ysbTaTaMH PEBACKYJIs-
pusarnii 3a mkasow TIMI. Takum 4uHOM, 10 paKTOPiB,
110 BIJIMBAIOTh Ha Bi/JHOBJIEHHS KPOBOTOKY B I3A, Ha-
JIeXKaTh: Mepiof; TPUBAJIOCTI roCTpoi imeMii, Tpom6Goac-
nipanis, npeauaaTtalisg. 3MiHHi, iKi BIVIMBAalOTh Ha pO3-

Ta6bnuusa 1

Po3nodineHHs epyn nauyieHmie 8 3anexHocmi 8id
docsizHeHHs1 epadayii TIMI nicas cmeHmyearHs 13A ma
yacy eocmpoi iwemii

MegpiaHa
MiHiManbHuit TpUBaNocTi Kinbkictb

KpoBorTik yac TpuBanocTi nepioay nauieHTis (n)
TIMI iwemii (roa.) iwemii (roa.) (%")
TIMI 0 1 18 37
TIMI 1 4 13.5 7

TIMI 2 1 9 24
TIMI 3 1 9 96

IIpumimku: *BiZiICOTOK Biz 3arajibHOI KiJIbKOCTI NalieHTiB

BUTOK KapZAiOreHHOro 10Ky, — Lie TPUBAJICTD ileMil Ta
LYKPOBHUH JiiabeT. Y cBOIO Uyepry cy60oKJI03is, Ik Mopdo-
JIOTisl ypaXkeHHs, CpHUse npoJioHrauii imemil. LlykpoBuii
JAiabeT TaKoK MOB’A3aHUHM i3 Mi3HIIIKMM HaXOMKEeHHAM
MawLieHTiB mic/s movyaTKy iHdapKTy.

Jlani HaBeJieHi OCHOBHI 3HaYMMi B3aEMO3B’SI3KH.

1. llayienmu 3 doswuM nepiodoM iwemii Maromo HUdHc-
ui nokasHuku TIMI (<3), sk 6e3nocepedHili pezyasbmam
YKB (ma6auys 1).

Koediuient kopesnsanii: -0.412, mo € CTaTUCTUYHO
3HAUYUMOI0 HeraTUBHOIO KopeJsiieto. lle o3Hayae, 110
YyUM Mi3Hille Bif0yBaeTbCcsi peBacKyJsspu3alis (cTeH-
TyBaHHs) STEMI nauieHTa, TUM Hmx4e BiporigHicTb
JOCSTHYTU ONTUMaJIbHOIO KOPOHApPHOTO KPOBOTOKY,
Bu3HadeHoro gk TIMI 3, MBG 3. [luTaHHs JO1iJIbHOCTI
peBackyJspu3anii B nifroctpiit cragii ingapkry cummn-
TOMHUM MNalliEHTaM [JIOCi 3a/IMIIAETbCSA aKTyaJbHUM Ta
HeBU3HA4YeHUM [2]. Y 1e gociimxkeHHs yBIALLIY MalieH-
TH, K 3 KOPOTKUM NepiofoM roctpoi imemii, Tak i 6i1b-
11e HiXk 24 roauHu (Tabauns 2).

Tabnuug 2
Po3nodin mpusanocmi iwemii e 3a2anbHil 2pyni nayieHmie
(n=164)

BiacoTok Big, 3aranbHoi
KiNbKOCTi NawieHTiB

Mepioa TpuBanocti roctpoi
iweMii Miokapaa (rognHu)

< 2rop 1,27 %
2-6rop 31,65 %
6-12 rog 21,52 %
12-24 ron 30,38 %
> 24 rop, 15,9 %

[lepeBakHa GiNbIIICTb Mal[iEHTIB MasKd mepion ro-
ctpoi imeMii 0 24 roguH. TpuBasicTh imemii oHaZ,
Lell MOKa3HUK crocTepiranacs auue y 15,9 % nauieH-
TiB, ki mepebyBasu B CTaHi KapZioreHHOro MoKy a6o
MaJIu MepPCUCTYIYUN 60JIbOBUM CUHAPOM. AHaJi3 KO-
pesanil Mixk gocaruenuam TIMI micia cTeHTyBaHHA Ta
TPUBAJICTIO illeMii BUSSBUB Malke JIiHIHHY 3a/1€3KHICTh
(pucynox 1).
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PucyHok 1. 3anexHicms kpogomoky TIMI 8i0 mpusanocmi iwemii

HaBeneHa fgiarpama (pucyHok 1) intocTpye mopis-
HSAJIBHY CTaTUCTUKY TPUBAJOCTI ileMii A/ 4OTHUPbOX
rpyn nauieHTiB, po3AiseHux 3a wkanow TIMI (0, 1, 2,
3) micasa creHTyBaHHs [3A. MiXKKBapTU/IBHUHN Aiana3oH
(IQR) mokasye, wo rpynu TIMI 2 ta TIMI 3 matoTh oa-
HakoBUM i HeBestukuil IQR (6 roguH), 10 CBIAYUTH PO
6isp11 cTabiNIbHUM | pIBHOMIpHUN 4ac Bif moyaTKy ro-
cTpol iweMii o BTpydyaHHs. HaBnaky, rpynu TIMI 0 Ta
TIMI 1 xapakTepusywooTbcsi 3Ha4HO OinbmuM IQR (21
ro/ilHa), 110 BKa3ye Ha BeJIMKY BapiabesbHICTb TpUBa-
JiocTi imweMii fo BTpydaHHA. CTaTUCTUYHA 3HA4YylliCTh
BIJIUBY TpHUBaJOCTI iwemii Ha pesyabrar TIMI mig-
TBepaxeHa TectoM Kpackena-Yostica [3] (H = 20,84,
p = 0,00011), axuii Bka3ye Ha 3HA4yLi BiAMIHHOCTI Mix
rpynamu. [lonapHuil aHasi3 MesiaH (TecT MaHHa-YiTHI)
BUABHUB 3Hauyylli BigMiHHOCTI Mixk rpynamu TIMI 0 i TIMI
2 (p=0,0027), a Takox TIMI 0 i TIMI 3 (p = 0,000011),
1110 CBIAYUTH PO 3HAYHO KOPOTIIUH Yac imemii B rpynax
i3 KpallMMHU pe3y/sbTaTaMHd KPOBOTOKY. BogHodac Mix
rpynamu TIMI 0 i TIMI 1 3Hauymux BifMiHHOCTel He BU-
aBjeHo (p = 0,506).

2. Qum doswe mpusae nepiod 2cocmpoi iwemii, mum 8u-
we pusuk kapdio2eHH020 WOKY.

Koediuient kopensnii craHoButh 0,223, mio cBia-
YUTBb PO CJ1abKy NO3UTHUBHY KopeJdlilo. p-value JopiB-
Hroe 0,005.

Y HaBepeHil koropTi STEMI nauieHTiB yactora pos-
BUTKY KapgaiorenHoro moky (KII) crazii C 3a kiacuodi-
kaujieto SCAI craHoBuaa 23,75%. 3 ogHoro 60Ky, Kapi-
OTeHHUH LIOK YCKJ/IaJHIOE BiTHOBJIEHHSI KPOBOTOKY [3A,
OCKIJIBKM y LMX NAL€HTIB CIOCTEPIraloThCs HUXKYI rpa-
nganii TIMI (xoedinieHT kopensnii: -0,382, ciabka Hera-
TUBHA KopeJislis, p-value < 0,0005), nepuu 3a Bce yepes
reMoJMHaMiuHi nopyieHHs. 3 iHIIOr0 60KY, TPUBAJICTh
iHpapKTy NpHU3BOJUTBH [0 HAOPAKY MioKapAa, 110 CIpHU-
YUHIOE Kap/iOTeHHUH 10K Ta YCKJIaJHIOE JOCATHEHHS

TIMI 3 4yepe3 ekcpaBa3a/ibHy KOMIIpeCil0 JUCTaJbHUX
BiAAiniB CyAMH — BUHUKAE TOPOYHE KOJIO a60, HaBMaKH,
vice versa.

Mepniana 4yacy penepdy3idiHOro MOLIKOXKEHHS
(no-reflow) 3 po3BUTKOM Kap/lioreHHOT0 IIOKY B JOCJIi-
JKyBaHil KoropTi ctaHoBU/1a 18 roauH. MakcuMaibHUR
nopir TpuBaJiocTi imemii y nanienTis i3 Kll, akum npo-
Boauan YKB 3a »KUTTEBMMMU ITOKAa3aMH, CKJIaB 48 roguH.
Bigomo, uo nepeunHe YKB npu STEMI mae ab6contoTHi
nepeBaru y nepiui 24 roauHy Bi noyatky iHdapkTty [4].
Axuo yac imewmii 6inpunil, YKB pyTHHHO He 3aCTOCOBY-
€TbCA. L5 Te3a 6a3yeThcsl Ha IBOX €BPOIENCbKUX A0C/i-
JoxkeHHsxX 2006 [5] Ta 2009 [6] pokiB, ki BUKJIIOYaIHU 3i
CBOT0 [M3alHy NalLi€HTIB i3 KapAioreHHUM II0KOM, ep-
CUCTYIOYMM 60JIbOBUM CUH/IPOMOM, 6araTOCyZAUHHUM Ta
CTOBOYPOBUM ypa)KeHHSM KOPOHAapHUX apTepil.

BianoBiZiHO, BUHUKAE NPUNYIEHHS, 110 CaMe B TAKUX
BUKJIIOYEeHUX BUllaAkax Kopuctb YKB Moxe nmepeBaxy-
BaTU pu3uKu. Pekomenanii 2025 poky [4] Bxke niaTBep-
JVKYIOTDB Ile, BKa3ylouH, 1110 He3aJIeXHO BiJj TPUBaJIOCTi
imemii npu KIII YKB mMae npoBoguTHCA.

3. [layienmu 3 yykposum diabemonm (1J/]) vacmiwe ma-
Ju dosuly mpusgaaicms iwemii.

Koediuient kopensauii: 0,245; cimabka NO3UTUBHA
kopessnis; p-value: 0,004. BinbuiicTh AgocaimxyBaHUX
Masu nykpoBui giabet (LI[J) - 74,82 %, npuyoMy xKiH-
KU - yacTinle (koedilieHT Kopensuii: 0,279; ciabka mo-
3UTHBHA KopeJsLis; p-value: 0,001). Y uboMy KOHTEKCTi
Hallle CTOCTepeXeHHs CylepeuyuTb HellloZaBHbOMY [I0-
caipxeHH1o [7], sike BkJtoyasno 1008 310poBUX Cy6'eKTIB
Ta BUSABUJIO Gisbily noiuupeHicts L/l cepes dyosoBikiB
(23,5 % npotu 13,5 % y xkiHOK). Lle 3 ypaxyBaHHAM TOrO,
1110 >KiHOK y Hallliil KoropTi 6yJ10 3Ha4YHO MeHIIle, HiXK 40-
JI0BIKiB (29,38 % npotu 70,62 %).

3HWXKEeHHA IHCy/NiHy NpPU3BOLUTb [0 3MEHIUEHHS
cuHTe3y iHcysniHomozi6Horo dakrtopa pocty I Ta mo-
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40 lwemivyHa xBopoba cepus

JaJbIIOTO 3HIDKEHHS NPOAYKIil 6iJKiB, HeoOXiJHUX
Is1 HerpoTpodizmy [8]. Uepes e maiieHTH MOXYTb
TPUBAJIMK 4Yac BiAYyBaTH BiJHOCHO ClIaGKUU 6iib a6o
B3araJjli 1oro He MaTH Ta 3BepPTAaTUCA BXe 3 KJIHIYHOIO
KapTHHOIO HAOPSKY JiereHb. Ls rpyna namieHTiB Takox
Masa ripmi nokasHuku TIMI micis YKB (koedinieHT Ko-
pessnii: -0,292; cnabka HeraTUBHA KopeJssAlis; p-value:
0,001) Ta BUIIY YaCTOTY PO3BUTKY KapAiOTeHHOI0 IIIOKY
(koedinieHT Kopessanii: 0,167; c1abka MO3UTHUBHA Kope-
Jsuis; p-value: 0,049).

CkJlaflHO BU3HAYUTU MPOBiAHY NPUYUHY - TpPUBa-
JICTh imeMil uu HaaBHicTb L/] - y naToreHnesi nporpecy-
BaHHA cepleBol HeocTaTHOCTI. [IpoTe noefHaHHA LUX
CTaHiB € TPyIoI0 BUCOKOTO pu3uKy no-reflow. [lanienTu
3 iabeToM YacTillle MaloTh MiKpOCYAUHHY AUCOYHKIIiO,
10 J0JJaTKOBO MepelIKOo/PKAae NOBHOMY BiJJHOBJIEHHIO
KPOBOTOKY.

4. Binvw gikogi nayieHmu maroms 6iavwly UmMo8ip-
Hicmb 6a2amocyduHHO20 YPaAHCeHHSL.

Bisbim crapuii nmanieHTH Majd BUIY HMOBIpHICTb
06araToCyJMHHOTO ypakeHHS (KoeQiliEHT KopeJssil:
0,190; cnabka mo3uTHBHA KopessAnis; p-value: 0,018). Lie
[[IJIKOM O4YiKyBaHa 3aKOHOMIpPHICTb, OCKIJIbKA CTapiHHA
€ BiJIoMUM (aKTOPOM PU3UKY PO3BUTKY CEPIIEBO-CY/IUH-
HUX 3aXBOpIOBaHb [9].

5. Tpom6oacnipayis acoyitosasacs 3 2ipwiumMu nokas-
Hukamu TIML

KoedinienT kopessnii: -0.176. Cnabka HeraTuBHA
KopeJssnis. p-value: 0.027.

BimoMmo, 1110 pyTUHHE 3aCTOCYBaHHS TpoMboacmipartii
He pekoMeH0BaHe [10]. Y manili po6ori ii BUkopucro-
ByBasiu jinie y 17,95 % Bunazkis, nepeBakHO 3a HasiB-
HOCTi MaCMBHOTO TPOM603y, 3 METOI0 YHUKHEHHS TpPeJ-
WiaTalii Ha nmepuioMy eTani pekaHasizanil. YacTkoBo
CIIOCTepeXeHH4 100 ripimoro nokasHuka TIMI moxHa
NOSICHUTH THKYMM MOYATKOBUM CTaHOM LIMX MalliEHTIB.
KpiMm Toro, TpomMbGoacnipaliro JacTilie 3acCTOCOBYBaJU y
XBOPUX i3 HAJJIMIIKOBOI Macolo Tijia (koedilieHT Kope-
asuii: 0,235; p-value: 0,029).

6. [layienmu 3 mpugasum nepiodom iwemii yacmiwe
Maau cy60KK03i10.

KoedinienT kopessmnii: 0.231. Crabka mo3uTUuBHA KO-
pessanis. p-value: 0.004.

BinbiricTh malieHTIB K CyO6CTpaT ypakeHHs B iH-
dapkT-3a/exHii  apTepili Masiu caMe Cy6OKJIIO3iK0
(66,04 %). Lle cynpoBo/pKyBasiocs AOBIIMM IEPiooM
imeMil, MOKJIMBO, CaMe TOMY MeJiiaHa 4acy rocrmitaJsisa-
1ii y gocaipkyBaHiil KOropTi CTaHOBUJIA He MEHIIE HixK
9 roguH. TakuM YHHOM, 36epeKeHHsT HaBiTh MiHiMaJsIb-
HOT'0 KPpOBOTOKY M0 I3A Moxe 3yMOBJIIOBaTU MeHUI BU-
pakeHUH 60/IbOBUM CHH/IPOM 260 iHTEPMITYI04Yy CTEHO-
Kap/ilo, 1[0 1 OSICHIOE, YOMY NALliEHTH 3aTATYIOTb 3Bep-
HeHHd 3a gonoMoror. OJHaK HaBiTh 3a Takol aHAaTOMil
ypakeHHs (CyO0KJII03is1) 36epiraeTbcs pu3uk no-reflow.

7. AHeioepadiuHull pieeHb ypadceHHs apmepii Kope-
JII0€ 31 cmyneHeM il CMeHO03Y8aHHS.

TakuM 4YMHOM, MM BUSIBWJIY, 110 YUM JUCTajbHille
ypa)keHHs, TUM 4acTillle BOHO CYIIPOBO/KYETbCS OKJII03i-
€to (koedinieHT Kopessanii: 0,197; ciabka Mo3UTUBHA KO-
pesisnis; p-value: 0,014), i HaBaKK — YUM MPOKCUMaJIbHI-
e YpaXkKeHHs1, TUM 4YacTillle 1e cy60KkIt03isa (koedilieHT
Kopestsanii: -0,202; crabka HeraTUBHA KopeJisitist; p-value:
0,010). AnaToMiYHO AUCTabHI BiAiIM 32 3aKOHAMU JU-
XOTOMil MalOTh MEHIIUU JliaMeTp, a AUCTATIbHUNA KPOBO-
TiK CyIpOBO/XKYETHCSA MEHIIUM reMOAMHAMIYHUM Halpy-
»KeHHSM 3CyBY [11], 110 3MeHIITye HMOBipHiCTb pO3YHMHEH-
Hs cGOPMOBaHOTr0 TPOMOY B IMX [JiIsAHKAX. [[poTuiexHa
Kopesdlis /I NPOKCUMaJbHOTO piBHSA MOSICHIOETHCH
3BOPOTHUMH MeXaHi3MaMU - GiNbIIMM HampyKeHHSIM
3CyBY Ta GiJIbIIMM IIOTOKOM KPOBI, IKHH 3 BUCOKOIO KMO-
BipHICTIO MOXKe PO3UMHUTH CBKUH TPOMO.

8. [Ipu npeduaamayii zipwi nokasnuxu TIMI,

KoedinienT kopessnii: -0,215. Cia6ka HeraTuBHA
KopeJislis. p-value: 0,007.

MeTofuKa NpeKOHJUIIIOHYBaHHA CYNpPOBOJXKYyBa-
Jach ripmuM BifHOBJeHHAM TIMI micaa cteHTyBaHHS.
[TomkopKeHUH AeTPUT HeCTA6iIbHOT GJISIIIIKH, TPUCTiH-
KOBi TPOMOOTHYHI HallapyBaHHS Ta TpaBMa €H/I0TeJIil0
€ WMOBIpHMMH NPUYMHAMH AUCTaJIbHOI eMOostisalii 3
HEMOXKJIMBICTIO aIeKBAaTHOI MiKPOLUPKYJIALII ic/as iMIT-
JIaHTallii CTEHT-CUCTEeMH Ta pO3BUTKOM no-reflow [12].

BucHOBKM. OnTuMmizanis yacy penepdysidHuxX 3a-
XoZiB (paHHSA rocmitasisallisi), HaJeXHa Teparis yKpo-
BOro /liabeTy Ta NpsiMe CTEHTYBAaHHS MOXYTb CYyTTEBO
MOKpau[MTH aHriorpagivyHi pesysbratn YKB. TakuMm yu-
HOM, cepe/] epesidveHUX KopeJsinii HalGiibil Baromi 3
NIPaKTUYHOI TOYKH 30py HACTYIIHI:

1. Yum noBlle TpUBAE NepioA roctpoi imemii miokap/a,
TuM Bule pusuk TIMI 0/1 micasa creHtyBanHsA (no-
reflow peHomeH).

2. Y nauieHTiB i3 TpUBaJIOl0 FOCTPOIO ileMi€l0 BULIUT
PU3UK Kap/jioreHHOTO IOKY.

3. [MamieHTH 3 yKPOBUM [1iaGeTOM Ii3Hillle 3BepTal0Th-
cs1 32 MEIMYHOIO JIOTIOMOTOI0 ITPU FOCTPOMY iHPaPKTi.

4. YuMm cTapuii nNamieHTH, TUM BUIUH PU3UK 6araTocy-
JAUHHOTO ypaKeHHS.

5. TpoM6oacrmipariiss acolifoETbCA 3 TipUIUMHU Pe3yJib-
TaTaMu KpoBOTOKY TIMI, He3Bakatouu Ha nojasblie
CTEHTYBaHHS.

6. [Ipu cy6okur03ii I3A marieHTH ni3Hiinle 3BepTaOThCSA
3a MeIMYHOI0 J0TIOMOT0I0.

7. AnaToMiuyHUU piBeHb ypaxkeHHs [3A kopeJitoe 3i cTy-
NeHeM Il CTeHO3YBaHH4.

8. 3acTocyBaHHA MeTOAMKHU NPEKOHAULIOHYBaHHA IO-
ripmye kpoBoTik TIMI micaa cTeHTyBaHHA rocTpoil
OKJII03il KOpOHapHOI apTepil.

KoHoiKTy iHTEpeciB HeMae.
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Abstract

Background. Immediate angiographic outcomes after stenting of the infarct-related artery in STEMI patients
are important predictors of long-term outcomes such as survival, risk of severe heart failure, or left ventricular
aneurysm formation. These outcomes can be assessed using the Thrombolysis in Myocardial Infarction (TIMI) flow
grade. The lower the score, the higher the associated mortality rate. Understanding the factors that may influence
the outcome of revascularization is crucial.

Aim. To demonstrate the determinants influencing the success of PCI.

Materials and Methods. Between 2022 and 2024, the study included 160 STEMI patients who underwent PCI.
Specific correlation tests were applied for statistical analysis.

Results. Time to hospital admission emerged as one of the most critical determinants of successful PCI. Among
all identified correlations, the most significant were the following: elderly patients had a higher likelihood of
multivessel coronary artery disease; patients with diabetes mellitus were more likely to experience prolonged acute
ischemia and had a higher incidence of cardiogenic shock.

Conclusions. Patients with prolonged acute ischemia more often present with subocclusion rather than total
occlusion. Diabetic patients tend to seek medical care later, often presenting with myocardial infarction complications,
and are more likely to develop cardiogenic shock. Thromboaspiration and predilatation are associated with impaired
TIMI flow in PCI of the infarct-related artery.

Keywords: cardiogenic shock, revascularization time, ischemia duration, myocardial infarction, no-reflow
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MopiBHANBLHUIA aHaNi3 3BOPOTHLOrO peMoAEeNOBaHHS NiBOro LWIYHOUKA
nicna 3aMiHX aopTanbHOro KaanaHa:
cepeAuHHa CTEepPHOTOMIS, MiHiiHBa3uBHMI aocTyn Ta TAVI

Pe3zrome

Merta. [TopiBHATH epeKTUBHICTb 3BOPOTHOI'0 pPeMO/Ie/II0BaHHA JiBoro nuutyHouka (3P/III) nicia Tpeox TUNiB
3aMiHM aopTa/JbHOIO KJIallaHa: MpoTe3yBaHHA 3i cepenHHOI cTepHOTOMIi (SAVR), mpoTe3yBaHH# 3 MiHiiHBa-
3uBHoOro gocrymny (MIAVR) Ta TpaHckaTeTepHo]I iMIIaHTalil aopTaabHoro kiaanaHa (TAVI).

Marepiaju Ta MmeToau. Y JOCJIiP)KeHH] B351/1M y4acThb 214 nanieHTiB 3 a0pTaJlbHUM CTEHO30M, IKUM BUKOHAHO
3aMiHy KJlallaHa TpbOMa METO/[aMH. 3/[iHCHEHO TOPiBHAJIbHY OLIHKY eXoKapaiorpadpiuyHux Ta KJIiHIYHUX MO-
Ka3HUKIB npoTarom 12 micanis.

Pesyabratu. Yci metoau cnpusau 3PJ/ILI, npoTe Halb6iablIe MOKpalleHHs iHJeKCy MacH JIiBOr0 LIJIYHOUKA,
00’eMiB i cucTosivyHOI QYHKIiI JiBOr0 LIJIYHOUYKA criocTepiranock y rpynax TAVI Ta MIAVR. SAVR pgeMoHcTpy-
BaB BifTepMiHOBaHe, ajie cTilike nokpauieHHs1. NT-proBNP 3Hu3uBcA y Bcix rpynax. HaiiBuia panHs edek-
TUBHICTb — y TAVI, noBrotpuasa - y MIAVR.

BucHoBKH. YCi MeTOAM 3aMiHM aOpTa/JIbHOTO KJlallaHa y NALLiEHTIB 3 BUPaXXeHUM CTEHO30M BILJIMBAIOTh Ha
aJlanTaliiHi npouecu JiiBOro LJIyHo4YKa. Bubip MeTosy Mae 6a3yBaTHUCh Ha iHAUBiAyaJbHUX XapaKTEPUCTH-
Kax MaljieHTa.

Knwuosi cnosa: 360pomHe pemodenio8aHHs, Aigull W/AYHOHOK, AOpMA/AbHULl cmeHo3, MiHIIHea3usHa Xipypeais,

mpaHckamemepHa imnaaumayis, kaanaHHa namoaoeis, TAVI, exokapdiozpadis

Bceryn. AopTaZibHUM CTEHO3 € OAHUM i3 HaWIMOUIU-
PEeHIlIMX KJallaHHUX 3aXBOPIOBaHb Cepls B 0Ci6 MOXH-
Jloro BiKy. 3a JJaHMMM eMNiieMioJIOTIYHUX JOCJi/PKEHD,
BUpPaX€HUN aopTa/JibHUK CTEHO3 3YCTpiYaeTbCA y IO-
Haz 3 % Jsrofel BikoM noHaf 75 pokiB. bes xipypriuHo-
ro BTPY4YaHHS cepeJHs TPUBAJIICTb KUTTH NALLIEHTIB i3
CUMITOMaTHYHUM IlepebiroM He nepeBUILye 2-3 POKiB.
€aMHUM ePEKTUBHUM MiZIX0/[OM JIIKyBaHHS 3a/TUIIAETb-
cA XipypriyHa TakTHKa: 3aMiHa a0pTa/IbHOTO KJ/lalaHa 3i
cepenuHHOi cTepHoToMii (SAVR), MiHiiHBa3uBHOrO J0-
cryny (MIAVR) a6o npoueaypa TpaHCKaTeTepHOI 3aMi-
HU aopTaJibHOTO KJjanaHa (TAVI).

Y cydacHili npaKTHLi BUKOPUCTOBYIOThCS yCi Bulle-
3a3HayeHi MeTOoAU: Bif TpajguLiliHOI BifKpUTOI Xipypril
J10 MaJIOIHBAa3UBHUX MIJAXO/IB I TpaHCKAaTeTePHUX BTPY-

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

yaHb [1-3]. OgHAK BiAKPUTHUM Ta MaJIOZOCTiIXKeHUM 3a-
JINIIAETHCSI MUTAHHS, IKHA caMe METOJ, CIpUsi€ Gibll
cTpiMKOMY, e)EKTUBHOMY 3BOPOTHOMY PEMO/IETI0OBAH-
HIO JIIBOTO LJIyHOYKa. lleld MOKa3sHUK € BaKJUBUM B
MPOTHOCTUYHOMY CeHCi ajpKe yoCO6JII0E COO0I0 MOTEH-
LiMHUN MOKa3HUK JOBTOTPUBAJUX MO3WTHBHUX 3MiH
cepueBoro M's3a [2,4,5]. Oco6auBoi yBaru mnortpe6ye
MOPiBHSIHHA ePEKTUBHOCTI Pi3HUX METOIB JIiKyBaHHS
Ha pi3HUX YaCOBUX eTanax (paHHiH Vs. JOBroCTPOKOBUHN
edekT), 3 ypaxyBaHHSIM CTYIeHsI iHBAa3UBHOCTI, pU3UKIB
Ta aHaTOMO-}i3i0/I0TTYHUX 0COGJIMBOCTEH MAIliEHTIB.
3aMiHa aopTa/JbHOrO KJalaHa CYTTEBO 3MEHLIYE
MmicJsiHaBaHTa)XeHHA Ha JIIBUM LIJIYHOYOK, 1[0 3yMOB-
JIFOE TIPOIleC 3BOPOTHBOr0 peMoieitoBaHHs [3-6]. [Ticis
YCyHeHHS aopTaJIbHOI BaZild MU O4YiKyEMO Ha 3MeHLIEH-
HA TinepTpodii, 3HWKEeHHS 06'EMHOr0 HaBaHTaXKeHHS
Ta nokpaileHHs HacocHoi ¢yHkuii JII. Ilel mpouec €
KPUTHUYHO BaXKJIMBUM MapKepoM BiIHOBJIEHHS cepLeBol
dyHKIIiI, a CTyniHb 3BOPOTHOTO peMO/Ie/II0BaHHS JIiBOTO
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nuTyHouka (3PJILI) mpsiMo Kopestoe 3 JOBrOCTPOKOBUM
MPOrHO30M: BU?KMBAHICTIO, YaCTOTOIO rocniTanisanin ta
SIKICTIO KUTTHA [6,7].

Y nomnepeHix myoJTiKaIisgsX MU po3MoYaay aHasli3 pe-
3yJIbTATIB JOCJIP)KeHHS NpOoLiecy 3BOPOTHOIO peMoJe-
JIDBaHHA. Y faHii po60Ti MU PO3MHUPIOEMO BUOIPKY Ta
KpUTepii olliHKU. A/[?)Ke TOPIBHSAAHHS 3BOPOTHOTO pPeMO-
JleJII0BaHH#A JliBoro myHouka micas SAVR, MIAVR i TAVI
€ He JIMIIIe HAyKOBO 3HAUYYIMUM, aJie 1 Ma€ 6e3nocepe/iHe
MpaKTUYHe 3HA4YeHHs JAJs1 BUOOPY ONTHUMAaJbHOI JIiKy-
BaJIbHOI TAKTUKH Y MALi€EHTIB 3 a0PTaJIbHUM CTEHO30M.

Merta. [lopiBHATH Ha OCHOBI JaHUX exokapziorpadii
edpeKTUBHICTb Ta NMepebir 3BOPOTHHOTO PEMO/IETIOBAH-
Hs JjgiBoro nwiyHouka (3PJILI) micas TphoX OCHOBHUX
MeTOZiB 3aMiHM aopTaJbHOTO KJalaHa: CepeJUHHaA
ctepHoToMist (SAVR), miniinBazuBuuii foctyn (MIAVR)
Ta TpaHCKaTeTepHa IMIJIaHTallifl a0pTaJIbHOTO KJIanaHa
(TAVD).

MaTepiaiu Ta MeTOAU. Y OCTipKeHHS 6YJI0 BKJIIO-
yeHOo 214 mocCJiJIOBHUX MAIi€EHTIB 3 BUpPAXKEHUM aop-
TaJbHUM CTEHO30M, IKUM 0y/I0 BUKOHAHO POTE3yBaH-
HA aopTa/JIbHOTO KJjalaHa Pi3HUMH MeTOAaMU: TpaH-
CKaTeTepHY iMIJIaHTallil0 aopTaJbHOro KaamnaHa (TAVI,
n = 109), miHiiHBa3uBHy XipypriuHy 3aminy (MIAVR,
n = 50) Ta TpauLiiHy 3aMiHy 3 cepeZJMHHOI0 CTEPHOTO-
Miero (SAVR, n = 55).

Kpumepiamu exaroueHHs 6yau: MiTBep KeHUH BU-
paxkeHud AC, mokasaHHs [0 KJANAaHHOTO BTPY4YaHHS
3rigHo 3 pekoMeHaaunismMu ESC 2021, BigcyTHicTh Bupa-
*KeHo1 AUCcHYHKIIT iHITKUX KJ1amaHiB.

Kpumepii 6uksawueHHs: HAsBHICTb 3HAUyL[Ol Mi-
TpaJsIbHOI perypritaiii, aAKTUBHUN eHJ0Kap/IUT.

XapaKTepHUCTUKH TPyl HaBeeHo B Tabuuti 1. ['pynu
BiZipi3Hs/IMCh 3a BiKOM Ta XipypriyHuM pusukom (STS),

110 BpaxoBaHo mpu aHajizdi. CynyTHa [XC TpanJsaach

yacrime B rpyni TAVI, npoTte ofHo4YacHa a6o nonepeHs

KOpEKIisi CTeHO3iB (IIyHTYBaHHs, CTEHTYBaHHsI) MPOBO-

AWJiach A0 iMIJIaHTAaIil KJanaHa.
3a3HayuMo, 10 yci MalieHTH, BKJOYEHi y JO0CJi-

JDKeHHsI OYJIW OIiHeHi 3a mKaJo crpaTudikarii Xipyp-

riYHOr0 PU3UKY BiZIOBIHO IO BHYTPIIIHbOI0 NPOTOKO-

Jy. JlaHi BUHeCeHO y TabJIuIo 2.

OuiHka mapaMeTpiB JIiBOro 1IJIYHOYKA MPOBOAUIACH
3a Z0TIOMOrow exokapaiorpadii o BTpydyaHHS, yepes
1 micsp, 6 MicaniB Ta 12 MicauiB nicias oneparii. OcHo-
BHUMH MTOKa3HMKAMU OY/IM: Maca Miokap/a JIiBOro 1uy-
Hoyka (MMUJIII), kiHneBo-aiacTosiyHuil 06'em (LVEDV),
KiHIleBO-cucTOiYHUH 06'eM (LVESV) Ta dpaknis Buku-
oy (LVEF).

Jly1s1 61TBII TOBHOI OIIiHKHY MPOIECY PeMO/IeTI0BaHHS
TaKO>X BpaXOBYBaJIMCh JOAATKOBI exokap/iorpadiuni Ta
KJIIHIYHI NapaMeTpH, BKJIKYHO 3 TeEMOJAMHAMIYHUMH iH-
JHUKaTOpaMHu:

e TOBIIMHA MDKIIJIYHOYKOBOI eperopoku (IVS);

e TOBIIWHA 3aAHbOI cTiHkM JILI (PWT);

o iHAeKc coepuuHocTi JII;

o IIOGAJTBbHUN MO3A0BXKHIM cTpelH (GLS) 3a MeTomOM
CHEeKJI-TPEKUHTY;

o piBeHb NT-proBNP;

o 3MiHu NYHA k/acy cepueBoi HeZJoCTaTHOCTI;

e BaJIByJIO-apTepialbHUM iMnenaHc (Zva) K iHAWKa-
TOP NNOCTHABaHTAXXE€HHS Ta iIHTerpaJbHOI0 OMODY.
CraTucTUYHUN aHasi3 npoBoguBcs y SPSS v.26.0.

g onucy KiZIbKiCHUX 3MiH BUKOPUCTOBYBAJIU Cepefi-
HE * CTaHJapTHe BiAxuyeHHd. /[ MOPIBHAHHA TPbOX
rpyn BukopuctoByBaiu ANOVA 3 mocT-Xok TecTaMi, a
JIJIs AUHAMIKYA B Me)ax OJIHi€l rpynu — mapHUM t-TecCT.
CTaTHUCTUYHO 3HAYYIIMM BBaXKaJIOCh 3HaYeHH: p < 0,05.

Ta6bnuusa 1

OcHosHi xapakmepucmuku 00CTiOHy8aHux apyn

XapakrepucTuka TAVI (n=109) MIAVR (n=50) SAVR (n=55) p-value
Bik, poku 78,4 %65 65,170 73,9+8,2 0.01*
Yonogiku, n (%) 62 (56,9%) 30 (60,0%) 35 (63,6%) 0,72
Inaekc Macu Tina (BMI), kr/m? 27,5%472 269+38 272%39 0,64
CnCTONiIYHWUI apTepianbHUM TUCK, MM PT.CT. 135,0 18,0 132,0 £ 20,0 130,0% 22,0 0,29
[iacToniuHuii apTepianbHUI TUCK, MM PT.CT. 750+11,0 73,0120 74,0+ 10,0 0,67
CynyTHil uykpoBwii giabert, n (%) 33 (30,3%) 11 (22,0%) 13 (23,6%) 0,42
XpoHiyHa xBopoba HUPOK, N (%) 25 (22,09%) 8 (16,0%) 10 (18,2%) 0,48
Mepenonepauiiinit NYHA knac 29+0,4 3,1%£0,5 3,2%0,6 0,06
Ilpumimku: p < 0,05 - cTaTUCTUYHO 3HAYYLIA Pi3HUIIA.

Tabnuug 2
XipypeiyHuli pusuk 3a wkanow STS

Xapakrepucruka TAVI (n=109) MIAVR (n=50) SAVR (n=55) p-value
STS pu3uk (no onepatdii), % 6,8+1,5 41+11 3510 0,001*

Ipumimku: p < 0,05 BKa3ye Ha CTATUCTUYHO 3HAYYILY Pi3HULIO.
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Pe3ynbraTH. AHa/i3 OKa3aB CTaTUCTUYHO 3HAYylle
3MeHIIeHHsI Macu MioKapza JiBoro miyHoyka (MMUJILL)
y BCIX TPbOX rpymnax y»e Ha 6 Micsli crocTepeXeHHs
(p < 0,01), o0 CBiAYUTH MPO MOYATOK MPOIECYy 3BOPOT-
Horo pemojiesntoBaHHsA MIAVR (muB. Tabaunwpo 3). Haii-
Oisbllle 3HMKEHHS crocTepirasioch y rpymax TAVI Ta
MIAVR, Tozai sik y rpymi SAVR penykiiis 6ysa MeHII BU-
paXkeHo10, X04Ya TeX CTaTUCTUYHO 3HAYYLIO10.

LVEF nigBumuynace y BCix rpynax, 3 MakCUMaJbHUM
npupoctoM y TAVI (+14 %) ta MIAVR (+12 %) (pucy-
HokK 1). LVEDV Ta LVESV mocTymnoBo 3MeHIyBaIKCh, 3
Hal6inbmuM edpektoM y SAVR (p<0,05*).

Tabnuusa 3

KinneBo-giacToiyHui 06'€M i KiHIIEBO-CHUCTOJIIYHUN
06’€M MIOCTYNIOBO 3MEHIIYBAJIKCh, 1[0 Bi/[06paXKa€e 3HIKEH-
HsI 00 EMHOT0 HaBaHTaXKeHHs. Hali6isib1n BupakeHe CKopo-
yeHHs1 LVEDV BusiBsieHo y rpymi SAVR (3 135 o 101 mun).

[TokpaieHHs 1J106aJbHOrO MO3/0BXHBOTO CTPEHHY
CBIIUMTH MPO BiAHOBJIEHHSI MO3J0BXHbOI JedopMaril
Miokapza (pucyHOK 2) - HalKpauli pe3yJbTaTH 3HOBY
npoaeMoHcTpyBasi MIAVR Ta TAVI rpynu (zo -18 %).

PiBenp NT-proBNP 3HauHO 3HM3UBCA y BCiX nali€H-
TiB 710 12 MicAIiB ciocTepe)xeHHs (PUCYHOK 3), 0CO6JIH-
Bo y rpynax SAVR ta MIAVR, 1o kopeJito€e 3 KJiHIYHUM
MOKPAIeHHSIM.

[Topi6HSIHHSI OCHOBHUX €X0Kapio2pagidHUX ma KAiHiYHUX Napamempig Mix 2pynamu Ha 12 micauyb cnocmepexmeHHs

*(cepedHi 3HaqeHHs £ SD)

MokasHukK TAVI (n=109) MIAVR (n=50) SAVR (n=55) p-value
MMJILL, r/mM? (go onepauii) 134 =22 138 £ 24 142 £ 26 0,11
MM/ (12 mic.) 106 £ 17 108 £ 16 11418 0,04*
LVEF, % (no onepaluii) 49 £10 508 52%9 0,32
LVEF (12 mic.) 63%6 62 %6 587 0,03*
LVEDV, Mn (oo onep.) 128 20 132+18 13519 0,20
LVEDV (12 mic.) 11216 104 £ 15 101+ 14 0,05*
GLS, % (no onepauii) -14,5+ 2.8 -148 2.7 -14,2+30 0,58
GLS (12 mic.) -18,3+2,2 -18,1£23 -17,2£2,5 0,08
NT-proBNP, nr/mMn (oo onep.) 2300 = 800 2150+ 760 2450 = 830 0,45
NT-proBNP (12 mic.) 970 £ 410 680 + 350 650 320 0,02*
NYHA (oo onepauii) 29%0,4 3,1%£0,5 3,2%0,6 0,06
NYHA (12 wmic.) 1,8%0,3 14£0,3 1,504 0,01*
Zva, MM pT.CT./MNn/M? (0o onep.) 5211 48+0,9 5010 0,22
Zva (12 mic.) 2,7+0,5 29%0,6 34+0,8 0,04*
PWT, MM (zo onepauii) 124+18 12,7+1,9 12917 0,38
PWT (12 mic.) 11,1£1,4 10,713 10,8 £1,5 0,21

Ilpumimku: p < 0,05 - cTaTUCTUYHO 3HAYyLIA Pi3HULS.

TAVI
62 —e— MIAVR

—e— SAVR
60

58

3Ha4eHHA
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52
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6 8
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10 12

PucyHok 1. [pagik 3pocmarHs ¢pakuii eukudy (LVEF) nicns empyyanHs (1, 6, 12 mic)
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PucyHok 3. [pagix ouHamika 3HuxmeHHs: NT-proBNP

®yHKUioHaAbHUY cTaH, 3rigHo 3 NYHA, mokpauius-
cs B yCiX rpynax, 3HW)XKEHHS KJacy y cepeJJHbOMY Ha
1.1-1.8 nyHKTH.

GLS mokpamuBcs B yciX rpynax, HalBUpasHille y
MIAVR Ta TAVI (pucysoxk 2). NT-proBNP 3uu3uBcs y Bcix,
oco6sinBo B SAVR Ta MIAVR (Pucysoxk 3, p<0,02). ®yHk-
nioHanbHUM ki1ac NYHA nokpamuBcs Ha 1,2+0,3 6asa B
cepeaHboMy y Bcix rpynax (p<0,01*). Ingekc Zva 3MeH-
muBcs, 3 Halikpali pe3ysbTaTu crocTepiraaucs micis
TAVI (p<0,04).

BanByno-apTepianbHuil iMmneganc (Zva) npoJieMoH-
CTpyBaB 3MeHILEHHS, 10 CBIAYUTDh NPO 3HWKEHHH IIic-
JiTHaBaHTaXeHHs. Halbisbil BUpaXkeHYy AWHaMIKy Zva
3adikcoBaHo micasa TAVI. BanBysno-apTepianbHuil immne-
JIaHC € iHTerpaJlbHUM reMOAWHaMiYHUM NOKa3HUKOM,
SIKUW BPaxXOBYE SIK OMIp Yy CUCTEMHOMY KPOBOTOL, TaK

I rpaZlieHT TUCKY Ha aOpTaJIbHOMY KJlallaHi. 3HWXKeHHS
Zva micsisl BTpyYaHHs BifjoO6pakae 3MeHILeHHs 3arajb-
HOTO MiC/AfiHaBaHTa)KeHHs1 Ha JIBUH NIJIYHOYOK, 10
CIpUSIE MOKpallleHHI0 Horo GyHKIiOHYBaHHSA Ta Npolie-
Cy 3BOPOTHOT'0 peMO/ie/II0BaHHS.

I'padix Ha pucyHky 4 migrBepmxye, mo TAVI 3a6e3ne-
4yye MIBUAKWN paHHIN epekT, onnak MIAVR i SAVR MatoTh
BUILMHI TEMII 3BOPOTHOTO peMO/ie/IF0BaHHSA Ha Mi3HIMNX
eTanax.

Y TAVI HaiiBUuIllla UWIBUJKICTb peMOJe/IOBaHHS CIIO-
crepiraerbcsd Mixk 0-1 Ta 1-6 MicAUAMM, 3 TeHJEHL-
€0 10 YNOBiJbHEHHs micas 6 MicdauiB (pucyHok 5).
MIAVR geMOHCTpYe cTabiibHY peMoZie/IIoBalIbHY JUHA-
MiKy Ha Ko>KHOMY eTami. SAVR Mae nmoBinbHimMUM cTapT,
aJle 36i/1blIye WBUAKICTD peMO/ie/IIOBaHHS B Mi3HbOMY
nepiogi (6-12 mic).
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3BOpPOTHE pemMoaentoBaHHA NiBoro wnyHo4ka (MMJILL)
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PucyHok 5. [pagik yacosux mpeHdie 380pomHo20 pemodenosarHs JiLL/

SAVR Ta MIAVR € gemio 6isibin epeKTUBHUMU y MPO-
neci 3P/ y noBrocTpokoBii nepcrnekTusi, Tofi sk TAVI
3abe3neyye LIBU/IKE reMO/IMHaMiyHe MOKpallleHHs y na-
L[iEHTIB 3 BUCOKUM pU3UKOM. OTpuMaHi pe3yJIbTaTH CBiJ-
4aTh, 1110 BCI TPU METOAU 3aMiHU a0PTa/IbHOTO KJlallaHa —
SAVR, MIAVR Tta TAVI - cnpusitoTb nponecy 3BOPOTHOIO
peMo/e/I'0BaHHA JIIBOr'0 LIJIYHOYKA, aJjie 3 Pi3HUM CTyIle-
HeM BUPAXXEHOCTi Ta IIBHUJKICTIO 3MiH. Halibinbim 3Ha-
yyiyi 3MiHu Macu Miokapza JII, 06’eMHUX TOKAa3HUKIB Ta
¢dpakuii BUkuy cioctepiranucs y rpynax TAVI Ta MIAVR.

MiniiHBa3UBHUI AOCTYIN MPOJEMOHCTPYBaB edeKTUB-
HiCTb, CHiBCTaBHY 3 TPaJULiMHOI0 CTEPHOTOMIi€w, MpU

3HAYHO MEHLIiM iHBa3UBHOCTI, 1110 0COO/IMBO BAXKJIMBO [JIsI
Mali€HTIB i3 CyNyTHIMU 3aXBOPOBAaHHAMU Ta BUCOKUM Xi-
PYpPriyHMM pU3UKOM. lle CBifYMTbH HAa KOPUCTH IIUPIIOrO
BrpoBapkeHHs1 MIAVR y kiliHiYHY NpaKTUKY 32 HAssBHOCTI
HaslexkHOI xipypriyHol ekcneptu3d. Boanodac MIAVR,
3aBJASKM MeHLIN TpaBMaTu3alii TKaHWH, 3HWXEHHIO
piBHS micasonepaniiiHoro 3anajieHHs Ta MPUILIBU/IIEHIH
Mob6ini3anii, feMoHCcTpye Kpauy QyHKI[iOHa/NbHI pe3ysib-
TaTd y nepiti 1-3 Micani nopiBHSHO 3 TpagULiHHOIO
CTepHOTOMi€r0. TakuM YHMHOM, 32 YMOBH BiJIIOBIJHOIO
XipypriyHoro 0ocBify Lieit MeTO/ MOKe MIOEAHYBATU Niepe-
Baru SAVR i MiHiMa/IbHOI iIHBa3UBHOCTI.
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oo TAVI, ii iHHICTb MOJISITAa€ B MOXJUBOCTI MpoO-
BeJleHHs BTPY4YaHHA y NMali€HTIB, AKUM IIPOTUIIOKa3aHe
onepaTUBHe BTpy4yaHHs. lIBUAKUN paHHIK reMoJHUHa-
MiYHUH edeKT poOUTH Iled MeToJ, ONTHUMaJbHUM BH-
60pOM IPU JIeKOMITeHcallii Ta KpUTUYHOCTI CTaHy marfi-
€HTAa, OJHAK JJid Py MOJIOJOT0, CepeHbOro BiKy i3
TPUBAJIOI0 OYiKyBaHOIO MPOTSHXKHICTIO XKUTTA Ta 36epe-
*keHow QyHKuieto JIII Moxke 6yTH JOIi/IbHIlIle PO3TJIs-
HyTtu MIAVR.

[TopiBHAHHSA TaKOX 0Ka3aJio, 1110 paHHE MTOKpaleH-
HA LVEF He 3aBx/j1 BiANIOBi/la€ TPUBAJIOMYy 3MEHILIEHHIO
06’emiB JIIII, o miiKpec/ar0€e Heo6XiAHICTh KOMITJIEKCHO-
ro niAxoAy Z10 OLIHKHW peMojesoBaHHA. [lyidg Kpaioro
po3yMiHHS maTodisiosoriyHNX MexaHi3MiB BapTO BKJIO-
YaTW JAaHi TKaHWHHOI Jorieporpadii, strain-aHasnisy,
6iomapkepiB (NT-proBNP) Tomro.

3rigno 3 gocaimkenusaMu PARTNER Ta CoreValve [9-
12], TAVI 3a6e3mneuye nopiBHsAHHI 3 SAVR pesysabraTu
BUKUBAHOCTI y NALiEHTIB i3 BUCOKUM XipypPridyHUM pU-
3ukoM. JlocnimkenHs Pibarot et al. [3] gemMmoHcTpyE, 110
cTymiHb perpecy Macu JIII TicHo nmoB’si3aHu# i3 piBHeM
mic/sionepaniiHOTO THCKOBOTO TpafiieHTa Ta edek-
TUBHICTIO NJIOUIi BIAKPUTTA KJIallaHa, 110 TAKOX MiJ-
TBEP/KYEThCA y PAAi iHmux mocaimkensb [13,14]- ui
MOKa3HUKHU J0BeJleHO Kpalli mpu iMIaHTauii 6ioJio-
riYHOro MpoTe3y TpaHCKaTeTEPHUM MeToZoM. Takox,
4K BiJI3HA4YE€HO y pAAl AOCAiJKEHb, CTYNiHb NapakJa-
MMaHHOI HeJJOCTAaTHOCTI Ta BUXIAHUM CTaH MaljiEHTa Ma-
I0Tb BaroMy NPOTHOCTUYHY LiHHICTb /18 3BOPOTHOTO
peMofiesIlOBaHHS — HAMM NiJATBepXeHO [aHi KopeJd-
uii [15,16].

ObmesceHHs: PizHUIA y Bili Ta XipypriyHOMY pH3HU-
Ky MiX rpynaMu, a Tako>X HepiBHOMipHU# po3nozia [XC

CnucoK BUKOPHMCTAHOI JIiTepaTypu
References

MOXKYTb BIJIMBAaTH Ha pe3ysabTaTH. BifgcyTHicTb BUNaj-

KOBOI paHzoMi3alii 06MeXye y3araJbHEHiCTb BHCHO-

BKiB. Takox strain-aHaJii3 NIpOBOJUBCA JIMLIE Y YaCTUHU

Mali€eHTIB.

KainiyHi pekomeHnoayii:

o [lanieHTamMm M0JI00r0 Ta CepeAHBbOro BiKy 3 MOMIp-
HUM XIpypriYyHMM PU3UKOM JOLIJIBHO pEKOMEHJY-
BaTH SAVR a6o MIAVR, BpaxoBYyHOYH MOTEHIiaI AJIs
MIOBHOT'O 3BOPOTHOTO PEMO/ieII0OBaHHA.

o TAVI € onTUMa/ZIbHUM METO/IOM Y XBOPHUX BUCOKOTO
PU3UKY, y AKUX BaXXJIMBUM € IIBHJKe MOJIErUIeHHS
CUMIITOMIB Ta MiHiMaJibHa iHBa3WBHICTb, Xo4a U 3
MeHUIMM peMO/eJII0BaJIbHUM MOTEHL[iaI0M.

e Y KOXXHOMY BHUIQJKy HeoOxigHe iHAMBiAyasbHe
MyJbTUAMCIUIUTIHApHe pimeHHs (Heart Team), mio
BpaxOBYE aHATOMIi4Hi, K/IiHIYHI Ta QYHKIiOHa/IbHI
XapaKTePUCTUKHU.

o /JluHaMmika Zva Moe pO3TJIIaTUCS K BOXKJIUBUH J0-
MOBHIOIOYMH Mapkep epeKTUBHOCTI JIiIKyBaHHS Ta
CTyIeHsl pO3BaHTaXKeHH JIIBOT0 LIJIyHOYKa.
BHCHOBKH

1. ¥Yci Tpu metoau — TAVI, MIAVR Ta SAVR - cnipusitoTb
3BOPOTHOMY peMogesitoBaHHo0 JII, ogHak cTymiHb i
BUJKICTb 3MiH Pi3HATHCA.

2. TAVI i MIAVR 3a6e3nedyoTh BUpaXKeHillle Ta TpUBa-
Jime 3MeHmeHHs Macu JII Ta 06’eMiB, a TakoXK Kpa-
my auHamiky LVEF, GLS Ta 3umkeHHs1 NT-proBNP.

3. TAVI geMOHCTpyE LIBU/IKE PAaHHE MOKpPaleHHs reMo-
JWHaMIKH, aJie IOBUIbHIIIE CTPYKTYPHE PeEMOJEJI0-
BaHHSA.

4. Bubip MeToay MOBUHEH 6a3yBaTHUCS Ha iHAUBIyaTb-
Hill ouiHIi pU3UKIB, aHaTOMIi Ta O4iKyBaHill TpuBa-
JIOCTI >KUTTS MaljieHTA.

1. Sousa Nunes F, Amaral Marques C, Pinho Al, Sousa Pinto B, Beco A, Ricardo Silva ], et al. Reverse left ventricular

remodeling after aortic valve replacement for aortic stenosis: a systematic review and meta-analysis. Front Cardiovasc
Med. 2024;11:1407566. https://doi.org/10.3389/fcvm.2024.1407566
Antofiana Ugalde S, Garcia Martin A, Salido Tahoces L, Sdnchez Recalde A, Zamorano Gémez JL, Fernandez Golfin Loban

2.
C. Reverse ventricular remodeling after transcatheter aortic valve implantation in pure aortic regurgitation. Rev Esp
Cardiol (Engl Ed). 2025. https://doi.org/10.1016/j.rec.2024.12.016

3. Pibarot P, et al. Hemodynamic and Clinical Impact of Prosthesis-Patient Mismatch in TAVR and SAVR. ] Am Coll Cardiol.
2020. https://doi.org/10.1016/s0735-1097(00)00859-7

4. European Heart Journal. 2022 Jun 1;43(21):2022. https://doi.org/10.1093 /eurheartj/ehac051

5. Lancellotti P, Sugimoto T, Back M. Revisiting secondary mitral regurgitation threshold severity: insights and lessons from
the RESHAPE-HF?2 trial. Eur Heart ] Open. 2024 Oct 1;4(5):0eae084. https://doi.org/10.1093/ehjopen/oeac084

6. KeuningZA, Kerstens TP, Zwaan RR, Bowen D], Vos HJ, van Dijk APJ, et al. Left ventricular strain-volume loops in bicuspid
aortic valve disease: new insights in cardiomechanics. Eur Heart ] Imaging Methods Pract. 2024 Mar 15;2(2):qyae020.
https://doi.org/10.1093/ehjimp/qyae020

7. Falk 'V, Baumgartner H, Bax ], De Bonis M, Hamm C, Holm PJ, et al. 2017 ESC/EACTS Guidelines for the management of
valvular heart disease. Eur ] Cardiothorac Surg. 2017 Oct 1;52(4):616-664. https://doi.org/10.1093/ejcts/ezx324

8. Baumgartner H, Falk V, Bax J], et al. 2021 ESC/EACTS Guidelines for the management of valvular heart disease. Eur Heart
]. 2022;43(7):561-632. https://doi.org/10.1093/eurheartj/ehab395

9. Leon MB, Smith CR, Mack M], et al. Transcatheter or surgical aortic-valve replacement in intermediate-risk patients.
N Engl ] Med. 2016;374(17):1609-1620. https://doi.org/10.1056/NE]JMoal514616

10.

Siontis GC, Overtchouk P, Cahill TJ, et al. Transcatheter aortic valve implantation vs. surgical aortic valve replacement
for treatment of severe aortic stenosis: a meta-analysis of randomized trials. Eur Heart ]J. 2019;40(38):3143-3153.
https://doi.org/10.1093 /eurheartj/ehz275

YKpaiHCbKUIA )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



48 Ha6yTi Bagu cepus

11.

12.

13.

14.

15.

16.

Deeb GM, Reardon M], Chetcuti S, et al. 1-Year results in patients undergoing transcatheter aortic valve replacement with
self-expanding valves. ] Am Coll Cardiol. 2017;70(7):800-808. https://doi.org/10.1016/j.jacc.2017.06.047

Suri RM, Clavel MA, Schaff HV, et al. Effect of aortic valve replacement on left ventricular remodeling in severe aortic
stenosis. ] Am Coll Cardiol. 2016;67(4):452-461. https://doi.org/10.1016/j.jacc.2015.10.089

Dahl JS, Videbaek L, Poulsen MK, et al. Effect of transcatheter aortic valve replacement on left ventricular mass and
function in patients with severe aortic stenosis. Am ] Cardiol. 2015;115(3):472-478. https://doi.org/10.1016/
j.amjcard.2014.11.011

Gaede L, Blumenstein ], Kim WK, et al. Reverse remodeling after transcatheter aortic valve replacement: evaluation by
serial cardiac MRI. JACC Cardiovasc Imaging. 2019;12(7 Pt 1):1425-1436. https://doi.org/10.1016/j.jcmg.2018.03.029
Rodriguez-Gabella T, Voisine P, Puri R, et al. Aortic valve replacement and left ventricular remodelling: a systematic
review. Eur Heart ]. 2017;38(31):2415-2425. https://doi.org/10.1093 /eurheartj/ehx042

Genereux P, Head SJ], Hahn R, et al. Paravalvular regurgitation after transcatheter aortic valve replacement: the new
Achilles’ heel? ] Am Coll Cardiol. 2013;61(11):1125-1136. https://doi.org/10.1016/j.jacc.2012.08.1039

Comparative Analysis of Left Ventricular Reverse Remodeling After Aortic Valve Replacement:
Median Sternotomy, Minimally Invasive Approach, and TAVI

Oleksandra V. Telehuzova®?, Glib I. Yemets?, Nadiya M. Rudenko®?
'Shupyk National Healthcare University of Ukraine, Kyiv, Ukraine
2Ukrainian Children’s Cardiac Center, Kyiv, Ukraine

Abstract

Aim. To evaluate and compare the effectiveness of left ventricular reverse remodeling (LVRR) after three distinct
types of aortic valve replacement (AVR): surgical aortic valve replacement via median sternotomy (SAVR), minimally
invasive aortic valve replacement (MIAVR), and transcatheter aortic valve implantation (TAVI).

Materials and Methods. This prospective observational study included 214 patients diagnosed with severe
aortic stenosis who underwent valve replacement using one of the three approaches. Patients were allocated into
groups based on the intervention method (TAVI: n=78, MIAVR: n=63, SAVR: n=73). A comprehensive evaluation of
left ventricular morphology and function was performed using echocardiography at baseline, 1, 6, and 12 months
post-intervention. Parameters assessed included left ventricular mass index (LVMI), volumes (LVEDV, LVESV), ejec-
tion fraction (LVEF), global longitudinal strain (GLS), and NT-proBNP levels. Functional capacity was evaluated using
the NYHA classification.

Results. All three methods contributed to LVRR, as evidenced by progressive reductions in LVMI and LV vol-
umes, along with improvements in LVEF and GLS. The TAVI and MIAVR groups demonstrated earlier and more pro-
nounced reverse remodeling, particularly during the first 6 months, while SAVR showed a more gradual yet steady
improvement. NT-proBNP levels significantly decreased across all groups, reflecting improved hemodynamics. TAVI
was associated with the most rapid early recovery, whereas MIAVR demonstrated the most balanced and sustained
benefits over the 12-month follow-up.

Conclusions. AVR, regardless of approach, promotes reverse remodeling of the left ventricle in patients with se-
vere aortic stenosis. However, the rate and extent of remodeling vary by method. These findings highlight the need
for an individualized approach in selecting the most appropriate valve replacement strategy, considering patient risk
profiles, anatomical factors, and expected recovery trajectory.

Keywords: reverse remodeling, left ventricle, aortic stenosis, TAVI, MIAVR, SAVR, NT-proBNP, echocardiography,
minimally invasive surgery, cardiac function, echocardiography
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Long-Term Outcomes of Tetralogy of Fallot Repair with Pulmonary Valve
Preservation and with Transannular Patch

Abstract

Introduction. Tetralogy of Fallot (ToF) is a prevalent cyanotic congenital heart defect, with surgical repair
strategies focused on relieving right ventricular outflow tract obstruction (RVOTO). The choice between a
transannular patch (TAP) and a valve-sparing non-transannular patch (NTAP) remains controversial due to
the trade-off between pulmonary regurgitation and the risk of residual RVOTO.

Aim. To evaluate the predictive value of intraoperative echocardiographic parameters - particularly the RVOT
z-score - for identifying severe residual RVOTO in children with ToF and to analyse their long-term outcomes
after ToF repair.

Materials and Methods. This retrospective single-center study included 132 patients who underwent com-
plete ToF repair. Intraoperative transesophageal echocardiography (ITEE) was used to assess RVOT anatomy
and hemodynamics. The study assessed baseline characteristics and perioperative measurements of pulmo-
nary valve (PV) and RVOT dimensions, pressure gradients, and long-term echocardiographic parameters. The
primary endpoint was reoperation due to significant RVOTO. Statistical analysis included ROC curves, AUC
calculation, threshold determination, sensitivity, and specificity. Group comparisons were performed using
Student’s t-test or the Mann-Whitney U test, as appropriate.

Results. NTAP was performed in 82.6 % and TAP in 17.4 % of patients. Patients in the TAP group had a signifi-
cantly higher rate of RVOT-related reoperations (36.3 % vs 11.1 %; p = 0.0029), mainly due to severe pulmonary
valve insufficiency and the need for RV-PA conduit implantation. The most accurate predictor of significant
RVOTO requiring reintervention was an intraoperative RVOT z-score <-3.2, assessed by ITEE (AUC = 0.925;
sensitivity 85.0 %, specificity 90.1 %). Other parameters, such as the Prv/Plv ratio, RV-PA gradients, and PV
z-score, showed lower predictive accuracy.

Conclusions. Reoperations on the RVOT were more common after TAP than NTAP (36.3 % vs 11.1 %,
p =0.0029), mainly due to residual RVOTO and PV insufficiency. An intraoperative RVOT z-score < -3.2
was the strongest predictor of significant RVOTO. Assessing RVOT and PV z-scores during surgery may
help reduce reinterventions, support valve-sparing approaches, and lower the risk of late surgeries for
PV insufficiency.

Keywords: congenital heart defects, surgical correction, prenatal diagnosis, increasing the pulmonary blood flow,
endovascular interventions, transannular plasty, valve-sparing surgery.

Introduction. Tetralogy of Fallot (ToF) is one of the
most common cyanotic congenital heart defects, ac-
counting for approximately 10 % of all cases [1]. First
described by Etienne-Louis Arthur Fallot in 1888 [2], the
defect is characterized by four main anatomical features:
a ventricular septal defect (VSD), right ventricular out-
flow tract obstruction (RVOTO), overriding of the aorta,

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

and right ventricular (RV) hypertrophy. Without timely
surgical intervention, this pathology leads to severe hy-
poxia and heart failure in early childhood.

The first attempt at palliative surgical treatment of
ToF - the creation of a systemic-to-pulmonary shunt -
was performed by Alfred Blalock in 1944 to increase pul-
monary blood flow, and this approach is still in use today
[3]. In recent decades, an alternative technique - patent
ductus arteriosus (PDA) stenting - has been actively im-
plemented, first performed by J. L. Gibbs [4].

A key aspect of total ToF repair is the relief of RVOT
obstruction, which is typically achieved using one of two
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main techniques: the transannular patch (TAP) [5] or
the valve-sparing technique - non-transannular patch
(NTAP) [6]. In the late postoperative period, the main
challenges remain the need for reintervention, driven by
factors such as pulmonary valve (PV) insufficiency or re-
sidual RVOTO. With the advancement of cardiac surgery,
alternative approaches (transatrial and transpulmonary)
have been developed to avoid ventriculotomy and pre-
serve RV structure and function. However, even with con-
temporary techniques, the issues of residual RVOTO and
the need for TAP remain controversial. TAP effectively
relieves RVOTO but creates a risk of severe PV regurgi-
tation, which over time can lead to RV volume overload,
dilation, systolic dysfunction, and arrhythmias [7]. On the
other hand, the NTAP technique reduces the risk of sig-
nificant pulmonary regurgitation but increases the likeli-
hood of residual RVOTO, which may result in progressive
RV hypertrophy due to elevated intracavitary pressure
and diastolic dysfunction [8]. Accurate assessment of the
anatomical and functional characteristics of the RVOT in
the perioperative period is a key factor in the successful
total repair of ToF.

Intraoperative transesophageal echocardiography
(ITEE) has become an important tool for evaluating RVOT
patency, especially in the NTAP method. ITEE allows real-
time assessment of RVOT dimensions, RV pressures, and
the quality of surgical reconstruction. Several authorita-
tive sources recommend routine ITEE during every ToF
repair to ensure the adequacy of RVOT reconstruction
and prevent future RVOT reinterventions [9].

A normalized RVOT diameter index relative to body
size (RVOT z-score) < -3.2 [10] has demonstrated high
sensitivity and specificity in predicting significant RVOT
obstruction in patients undergoing ToF repair. The rel-
evance of this study lies in the comparison of long-term
outcomes of ToF repair with pulmonary valve preserva-
tion versus transannular patching.

Aim. To investigate and analyze preoperative, intra-
operative, and postoperative parameters to identify pre-
dictors of significant residual RVOTO in children after
total ToF repair, and to compare the long-term outcomes
between TAP and NTAP methods.

Materials and Methods. This retrospective study in-
cluded 132 consecutive patients diagnosed with ToF who
underwent total repair at a single institution. Prenatal
diagnosis was established in 61 patients (50.0 %). Clas-
sic ToF was diagnosed in 127 patients (96.2 %), while
double outlet right ventricle with tetralogy-type anatomy
was identified in 5 patients (3.8 %).

Additionally diagnosed: right aortic arch in 27 pa-
tients (20.5 %), PA branch stenosis in 13 (9.8 %), per-
sistent left superior vena cava in 7 (5.3 %), additional
muscular VSDs in 3 (2.3 %), vascular ring in 3 (2.3 %),
and a circumflex aortic arch in 1 patient (0.75 %). Ge-
netic abnormalities were present in 12 patients (9.1 %),
including trisomy 21 (n=5), Di-George syndrome (n=5),
and unspecified chromosomal abnormalities (n=2). Co-
morbid conditions were identified in 5 patients (3.8 %)

and included: anorectal fistula (n=1), CHARGE syndrome
(n=1), obstructive hydrocephalic syndrome (n=1), rhab-
domyoma (n=1), and hypospadias (n=1). Previous in-
terventions (all balloon pulmonary valvuloplasty) were
performed in 16 patients (12.1 %), with a median of
4.22 months [3.37; 6.28] (range: 0.93 to 10.2 months)
prior to total repair. The mean age at the time of surgery
was 9.03 * 4.33 months, and the mean body weight -
7.6 * 1.4 kg. (Table 1) The mean Nakata index prior to
surgery was 171.4 + 33.6 mm?/m>.

Table 1
Preoperative characteristics of patients with ToF

Total cohort
Parameter (n=132)
Prenatal diagnosis, n (%) 61 (50.0)
Genetic abnormalities, n (%) 12 (9.1)
Concomitant anomalies, n (%) 5(3.8)
Sex (male), n (%) 81 (61.4)
Previous intervention (BPVP), n (%) 16 (12.1)
The mean age at the time of surgery,months  9.03 * 4.33
The mean body weight, kg 76*14
Additional congenital anomalies
Right aortic arch, n (%) 27 (20.5)
PA branches stenosis, n (%) 13 (9.8)
Persistent left superior vena cava, n (%) 7 (5.3)
Additional muscular VSDs, n (%) 3(2.3)
Vascular ring, n (%) 3(2.3)
Circumflex aortic arch, n (%) 1(0.75)

The study analyzed baseline patient characteristics;
preoperative, intraoperative, and postoperative meas-
urements of PV, RVOT dimensions and RVOT pressure
gradients, and key echocardiographic parameters during
the long-term follow-up period. The primary endpoint
for determining predictors of RVOTO was the occurrence
of significant RVOTO requiring reoperation.

Statistical analysis included the use of ROC curves,
calculation of the area under the curve (AUC), threshold
values, sensitivity, and specificity. Comparison of quan-
titative data between groups was performed using Stu-
dent’s t-test for normally distributed variables and the
Mann-Whitney U test for non-parametric data.

Results. A valve-sparing repair (NTAP) was performed
in 109 patients (82.6 %), while 23 patients (17.4 %)
underwent total repair with PV annulus incision and
transannular patching (TAP).

In the TAP group, the median Hegar z-score before an-
nulus incision was -4.4 (range: -8.4 to -0.9), and after the
procedure, it was -0.8 (range: -1.8 to 2.0). The mean RV-
OT pressure gradient measured via ITEE after PV plasty
was 13.2 + 7.2 mmHg, while the median RVOT diameter
z-score was 0 (range: -6.6 to 1.8). The average Prv/Plv ra-
tio was 76.8 = 12.3% (Table 2). During surgery, 3 patients
required additional resection of residual RVOT tissue,
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Table 2
Intraoperative and postoperative characteristics in both
patient groups

TAP NTAP
Parameter (n=23) (n=109) P<0,05
Hegar z-score AAlR A 21 (.94
before PV plasty 4.4 (-8.4;-09) -3.1(-84;0.8) 0.76
After PV plasty
Hegar z-score 0.8 (-1.8;2.0) -1(-3.5;-0.9 0.03*
RVOT pressure
gradient (ITEE), 132£7.2 27.1+9,0 <0.0001*
mmHg
RVOT z-score 0(-6.6;1.8) -1,4(-84;0.9) 0.073
RV/LV ratio, % 768123 % 69.8+12.6 0.022*
RVOT pressure
gradient (direct 204 %94 215+85 0.32
measurement), ) ) ’ ’ )
mmHg
Duration of
artificial lung 23 (3;227) 16 (1;138)  0.0073*
ventilation, hours
ICU stay, days 4(2;18) 3(2;19) 0.0014*

Note: * - the difference is statistically significant

causing significant obstruction. The median duration
of artificial lung ventilation after surgery was 23 hours
(range: 3 to 227 hours), and the median length of stay
in the intensive care unit (ICU) was 4 days (range: 2 to
18 days) (Table 2). Pulmonary artery branch plasty due
to significant stenosis was required in 2 patients (8.7 %)
during the same hospitalization.

In the NTAP group, the median Hegar z-score before
PV plasty was -3.1 (range: -8.4 to 0.8), and after - -1.0
(range: -3.5 to 0.9). The mean RVOT pressure gradient
via ITEE postoperatively was 27.1 + 9.0 mmHg, and the
median RVOT diameter z-score was -1.4 (range: -8.4 to
0.9). The mean Prv/Plv ratio was 69.8 + 12.6 % (Table 2).

Intraoperatively, 6 patients (5.5 %) required additional
resection of RVOT tissue due to significant residual ob-
struction. The median duration of artificial lung ventila-
tion was 16 hours (range: 1 to 138 hours), and ICU stay
was 3 days (range: 2 to 19 days) (Table 2). One patient
(0.92 %) required reoperation during the same hospi-
talization due to residual ventricular septal defect (VSD)
shunting.

Long-Term Outcomes

The median follow-up period was 5.2 years (range:
0.4 to 8.57 years). Two patients were lost to follow-up -
one from the TAP group and one from the NTAP group.

In the TAP group (n=22), the mean residual RV-
OT pressure gradient at the last follow-up visit was
14.9 £ 8.7 mmHg, and the median PV z-score was 0.5
(range: -1.7 to 3.6) (Figure 1, Figure 2, Table 3). During fol-
low-up, 8 patients (36.3 %) required reinterventions at a
mean of 1.35 years postoperatively (range: 0.1 to 8.3 years)
(Table 3). One patient (4.5 %) required RVOT plasty due to
severe RVOTO; PA trunk and branches plasty, resection of
residual infundibular stenosis, and closure of re-VSD were
required in another patient (4.5 %). Two patients (9.1 %)
underwent PA branches plasty, and four patients (18.2 %)
underwent RV-PA conduit implantation due to severe PV
insufficiency and progression of RV systolic dysfunction.
Valve implantation in the RVOT position was performed on
average 6.1 years (range: 1.3 to 8.3 years) after total repair.
At the time of the last evaluation, severe PV regurgitation
was present in 15 patients (68.2 %), moderate regurgita-
tion in 3 (13.6 %), and mild regurgitation in 4 (18.2 %) pa-
tients - all of whom had already undergone RV-PA conduit
implantation owing to severe PV insufficiency.

In the NTAP group (n=108), the mean residual
RVOT pressure gradient during follow-up was 22.45 +
9.7 mmHg, and the median PV z-score was -0.1 (range:
-2.7 to 2.2) (Figure 1, Figure 2, Table 3). Twelve patients
(11.1 %) required reintervention at a mean of 1.24 years
postoperatively (range: 0.67 to 5.5 years) (Table 3).

Maximal gradient pressure across the RVOT
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Figure 1. Dynamics of changes in the maximum pressure gradient across the right ventricular
outflow tract (RVOT) in both patient groups over an 8-year follow-up period
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Figure 2. Dynamics of the PV z-score after ToF repair in both patient groups over
an 8-year follow-up period

Table 3

Postoperative characteristics of two groups in the long-
term period

TAP NTAP
Parameter (n=22) (n=108) P<0,05
RVOT pressure 14987 224%97 0004
gradient, mmHg
PV z-score 0,5(-1.7;3.6) -0.1(-2.7;2.2) 0.25

Reoperations on

the RVOT 8363 %)

12 (11.1 %)  0.0029*

Note: * - the difference is statistically significant

Four patients (3.7 %) underwent balloon pulmonary
valvuloplasty (BPVP), five patients (4.6 %) underwent
excision of residual subvalvular obstruction with preser-
vation of the pulmonary valve, and three patients (2.7 %)
required TAP due to severe RVOTO and PV annulus hypo-
plasia. During long-term follow-up, PV was competent in
nine patients (8.3 %), 50 patients (46.3 %) had mild PV
regurgitation, 12 patients (11.1 %) had mild-to-moderate
regurgitation, 21 patients (19.5 %) had moderate regur-
gitation, nine patients (8.3 %) had moderate-to-severe
regurgitation, and seven patients (6.5 %) had severe PV
regurgitation, including three patients who underwent
TAP due to severe RVOTO and PV annulus hypoplasia.

Thus, over the 8-year follow-up period, patients in
the TAP group required significantly more RVOT-related
reoperations compared to the NTAP group (8 patients,
36.3 % vs 12 patients, 11.1 %; p =0.0029) (Tab.3). This
difference is primarily due to the need for RV-PA conduit
implantation in TAP patients resulting from severe PV
insufficiency, and the number of such reoperations is ex-
pected to increase further over time.

The graph presents the dynamics of the maximal pres-
sure gradient across the RVOT in the two groups over an
eight-year period following surgical correction. The data
are shown as a time-distributed chart, with measure-

ments taken at the following postoperative intervals: 3
months, 6 months, 1 year, 3 years, 5 years, and 8 years
after total repair.

In the early postoperative period, both groups exhib-
ited relatively elevated RVOT pressure gradients, with
mean values around 30-40 mmHg in the NTAP group and
15-25 mmHg in the TAP group. During the first year of
follow-up, the median gradients remained stable; how-
ever, isolated cases of increasing gradients exceeding
60 mmHg were observed, reflecting progressive RVOTO
and the need for reintervention.

In the subsequent years (up to 3-5 years), the gradi-
ents remained stable or slightly decreased, likely due to
somatic growth and annular enlargement of the PV. Inter-
estingly, at eight years of follow-up, the TAP group dem-
onstrated an increase in both the median RVOT gradient
and its variability, with several cases exceeding 80 mmHg.
This trend is attributed to rising gradients across the RV-
PA conduit, which required reintervention with conduit
implantation in 18.2 % of patients in this group.

The graph presents changes in the pulmonary valve
Z-score over time in groups following total repair of ToF.
Measurements were taken at 3 months, 1 year, 3 years,
and 8 years postoperatively.

At all follow-up points, the Z-score in the TAP group
remained consistently higher than in the NTAP group,
possibly indicating a larger annular size following TAP
repair. In the TAP group, median Z-scores remained posi-
tive (0.5-2.0), whereas in the NTAP group, values hovered
around 0 or were slightly negative. The lowest Z-scores
in the NTAP group were recorded at 3 months postop-
eratively (with some values below -4), suggesting rela-
tive annular hypoplasia in this cohort. By 8 years, Z-score
values remained stable in both groups, although a higher
proportion of patients in the TAP group exhibited supra-
normal Z-scores, potentially associated with annular di-
lation after transannular patching.

Overall, 14 patients (10.6 %) from both groups re-
quired reoperation during the follow-up period due to
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residual RVOTO. Analysis of preoperative, intraoperative,
and postoperative echocardiographic and hemodynamic
parameter (PV z-score, RV/LV pressure ratio, RV-PA
gradient (measured directly and via ITEE), and RVOT z-
score) revealed that the most powerful predictor of sig-
nificant RVOTO was the RVOT z-score, measured intra-
operatively via ITEE. RVOT z-score < -3.2 demonstrated
high sensitivity (85.0 %) and specificity (90.1 %), with
an area under the ROC curve (AUC) of 0.925, indicating
strong diagnostic accuracy.

Other intraoperative parameters, such as Prv/Plv ra-
tio, RV-PA gradient and PV z-score, showed substantially
lower predictive ability. Thus, for Prv/Plv ratio with a
cutoff > 0.78 had 60 % sensitivity, 67.6 % specificity, and
AUC = 0.673. For directly measured RV-PA gradient with
a threshold > 27 mmHg had 47.4 % sensitivity, 73.9 %
specificity, and AUC = 0.583 and for RV-PA gradient via
ITEE with a cutoff > 39 mmHg showed 50.0 % sensitivity,
91.0 % specificity, and AUC = 0.721. For PV z-score at a
threshold < -1.5 had 50.0 % sensitivity, 84.7 % specificity,
and AUC = 0.659 (Figure 3).

Furthermore, a correlation was identified between
the RVOT z-score and the Prv/Plv ratio (r=-0.58,
p <0.01), indicating a certain interdependence between
the anatomical and functional assessments of the RVOT.

z-score p/o PV plasty

53

However, the RVOT z-score demonstrated a superior
predictive value for determining the need for reinter-
vention compared to the Prv/Plv ratio.

Discussion. Although the era of cardiac surgery be-
gan with the first total repair of ToF in 1954 by Lillehei
C.W. [12], the investigation of surgical approaches and
long-term outcomes of ToF repair remains highly rel-
evant today. Reconstruction of the RVOT during ToF re-
pair is a common procedure. While valve-sparing repair
(non-transannular patch, NTAP) is generally preferred,
determining which patients are suitable candidates for
this approach remains controversial [13].

According to Linda J. Schulte et al. [14], valve-sparing
repair is considered safe in patients with a PV Z-score
> -2. In a meta-analysis by Sitanggang et al. [15], a PV
z-score 2 -2.59 (sensitivity 81.3 %, specificity 75 %) was
associated with a lower risk of residual RVOTO following
NTAP. In our study, the lowest risk of reintervention was
observed in patients with a PV z-score > -1.5 (sensitivity
50.0 %, specificity 84.7 %, AUC = 0.659).

Siddiqi U. et al. [16] identified the intraoperative
RVOT gradient with a threshold > 45 mmHg assessed
by ITEE as the most reliable predictor of reintervention.
This finding closely aligns with our result, where an in-
traoperative RV-PA gradient > 39 mmHg predicted the

AP RV/PA (direct measurements)

100 - TEE, gradient1 100 |-
100 |-
80 - 80
80 -
2 60 £ 60
2 z eof 2
% 5 g Sensinvity: 47.4 |
& a0t 2 Sensivity: 50,0 o 40 Specificity: 73,9
I 2?35.?’.3;" Crterion: >27 |
20 - - 20
AUC = 0,659 AUC =0,583
P=0,027 AL{C =0721 P =0,261
0 1 1 T T 0 ! P = 0,001 0 1 1 T T
i
0 20 40 §0 80 100 o 20 20 0 80 100 0 20 40 .50. 80 100
100-Specificity 100-Specificity 100-Specificity
PrviPlv ratio (%) RVOTO z-score 100
100 -
80
80 |-
60
80

Sensitivity
Sensitivity

40

20

AUC =0673
P=0,012
1 |

AUC =0,925
P < 0,001

Sensitivity

40

20

0 | 1 1 | |

I
40

0 20 40 60

100-Specificity

80 100

60

100-Specificity

80 100

— AP RV/PA (direct measurements)
Prv/Plv ratio (%)

TEE, gradient1

==we RVOTO z-score

Figure 3. Receiver operating characteristic (ROC) curves of individual parameters predicting residual RVOT
obstruction in patients after tetralogy of Fallot (ToF) repair
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need for reoperation due to RVOTO (sensitivity 50.0 %,
specificity 91.0 %, AUC = 0.721).

The prognostic value of the Prv/Plv ratio remains
controversial. Boni L. et al. (2009) reported successful
valve-sparing ToF repair in patients with intraoperative
PV z-score = -3 and postoperative Prv/Plv < 0.9, pro-
vided stable hemodynamics and absence of subvalvular
stenosis [17]. Hickey et al. found that a postoperative R
systolic pressure < 50 mmHg was associated with a low-
er risk of RVOTO [6]. Toshkhani D. et al. [18] also em-
phasized the relevance of intraoperative gradients but
noted their susceptibility to variation based on anesthe-
sia and systemic hemodynamics. In our study, a Prv/Plv
ratio > 0.78 predicted residual RVOTO with a sensitivity
of 60 % and specificity of 67.6 % (AUC = 0.673). These
conflicting data regarding hemodynamic parameters
highlight the advantage of anatomical indices, such as
the RVOT z-score, which are less affected by physiologi-
cal fluctuations.

According to our previously published data
(2020) [10], an RVOT z-score < -3.2 had the highest pre-
dictive value among all assessed parameters for iden-
tifying significant residual RVOTO (AUC = 0.979; p <
0.0001). In the current study, conducted on a larger pa-
tient cohort with extended follow-up, the RVOT z-score <
-3.2 again demonstrated the highest sensitivity (85.0 %)
and specificity (90.1 %) for predicting RVOT obstruction
(AUC = 0.925; p < 0.001), compared to other echocar-
diographic and hemodynamic parameters (PV z-score,
Prv/Plv ratio, direct RV-PA gradient, and ITEE data).

Thus, the RVOT z-score proved to be the most effec-
tive intraoperative predictor and may be recommended
for routine use during ToF total repair. This parameter
may aid in the development of a standardized intraop-
erative decision-making algorithm. Based on our data,
if the intraoperative PV z-score measured with a Hegar
after commissurotomy is = -3.2, valve-sparing repair can
be safely performed. In cases with PV z-score < -3.2, TAP
repair is indicated. If the PV z-score is > -3.2 after infun-
dibulectomy, it is necessary to assess the RVOT z-score.
When the RVOT z-score is = -3.2 based on ITEE findings,
PV annulus can be preserved and the operation complet-
ed. However, if the RVOT z-score is < -3.2, it is advisable
to return to cardiopulmonary bypass and perform a more
aggressive resection of the subvalvular structures. Fol-
lowing this algorithm may reduce the number of reoper-
ations due to residual RVOTO, broaden the indications for
valve-sparing surgery, and decrease the number of RVOT
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[loBrocTpokoBi pesynbrati Kopekuii TeTpaau Manno 3i 36epexeHHAM KnanaHa
NereHeBoi apTepii a0 3 TpaHCaHYNSAPHOKO NATKOK

bopopaiHosa O.C., Muxannoscbka A.O.

Y «HayKoBO-NpakTUUYHUIA MEOUYHUIA LLEeHTP AMTSYO0i Kapaionorii Ta kapaioxipyprii MO3 Ykpainu», M. Kuis, YkpaiHa

Pesiome

Beryn. Terpaga @asnsio (TP) - mommpeHa LiaHOTHYHA BpO/[XKEHA BaZia ceplis, XipypriuHe JiiKyBaHHS sIKOI cipsi-
MOBaHe Ha YCyHeHHSl o0O6CTpyKLUii BUXifjHOro TpakTy mpaBoro uutyHouka (BTIILI). Bubip Mix TpaHcaHyJISIpHOIO
mactukolo (TAP) Ta kianaHo36epiratoyoro TexHikow (NTAP) 3anumaeTbcs AUCKYCIHHUM, 1110 OB I3aHO 3 HAsIB-
HICTIO HEJI0JIiKiB KO>KHOT'0 3 METO/IiB — BUPAXKEHOI0 perypriTali€lo Ha KJanaHa JereHeBoi apTepii Ta pU3MKOM 3a-
JINLIKOBOI 06CTPYKIii.

MeTa. OiHUTH NMPOTHOCTUYHY LiHHICTB iHTpaomepariliHuX exokapjiorpadiuHux mapaMeTpiB, BKJIOYHO 3
RVOT z-score, /151 AlarHOCTUKY 3HAYUMOI 3a1uiKoBo1 06¢cTpykuii BT y giTeit 3 T® Ta npoaHanisyBaTH ix f0B-
FOCTPOKOBI pe3yJIbTaTH Iic/d IPOBeAeHHA paJUuKalbHOI KOpeKLii BpoKeHOol BaZy cepLs.

Marepiasim Ta MeToAHU. Lle peTpocreKTUBHE 0/I0LLEHTPOBE A0CJIIKEHHS BK/IO4Yano 132 manieHTH, Ki OTpuU-
MaJIu paJiukaiabHy Kopekiito TO. [HTpaonepauiiiHa yepescTpaBoxifgHa exokapgiorpagis (ITEE) sacTocoByBasnack
s ouinku aHatomil BTIIII ta remoaguHamiku. OuiHoBaMcs 6a30Bi XapaKTepPUCTUKHU Ta NepionepaniiHi nokas-
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HUKH po3MipiB KsanaHa jiereHeBoi apTepii, BTIIIII, rpajiieHTiB THCKY Ha HbOMY Ta 3MiHHU eXoKapaiorpadiuHux mo-
Ka3HUKIB y BigJgaseHoMy nepiozi. CTaTUCTUYHUN aHali3 BKIO4YaB nooyaoBy ROC-kpuBux, pospaxyHok AUC, BU-
3Ha4YeHHs OPOTrOBUX 3HAY€Hb, YYTIMBOCTI Ta crelpiuHOCTI. [IopiBHAHHSA rpyn NPOBOJMIIOCH 3 BUKOPHUCTAHHAM
t-kpuTepito CThrofieHTa abo KpuTepiro MaHHa-YiTHi, 3a1eXHO Bif po3noainy.

PesynbraTu. Y 82,6 % nanienTiB 6yno BukoHaHo NTAP, y 17,4 % - TAP. ¥ rpyni TAP 3HayHo yacTiue crocrte-
piranucs peonepauii, nos’s3ani 3 BT (36,3 % npotu 11,1 %; p = 0,0029), nepeBakHO Yyepe3 BUpaKeHY HeJl0-
CTaTHICTb KJanaHa JiereHeBoi apTepii (JIA) Ta noTpeby B iMmaHTanii NpaBolJIyHOYKOBO-JIET€HEBOTO KOHAYITA.
Hai6inpm ToYHUM npeguKTopoM 3HauuMoi o6ctpykuii BTIIII, njo BuMarasia moBTOPHOro BTPy4YaHHs, 6yB iHTpa-
onepanifinuit RVOT z-score < -3,2, Bu3HayeHu# 3a gonomorotw ITEE (AUC = 0,925, yytausicts 85,0 %, cnenudiyv-
HicTb 90,1 %). IH11i napamMeTpy, TakKi K cniBBigHOWeHHA Prv/Plv, rpafiieHT TUCKY NpaBUM LIJIyHOYKOM Ta JIA Mix
Ta z-score KjanaHa JIA, Maji HUXK4y IPOTHOCTUYHY TOYHICTb.

BucHoBKkHM. YacToTa noBTopHux BTpydanb Ha BTIII 6yna Bumoro micis TAP, vixk micasa NTAP (36,3 % npotu
11,1 %, p = 0,0029), nepeBaxkHO Yepe3 BUPaXKeHY HeJOCTAaTHICTb kianaHa JIA Ta o6ctpykuito BTIILI. InTpaonepa-
nirtHui RVOT z-score < -3,2 6yB HalCUJIbHILIKMM PegUKTOpOoM 3HauuMoi o6¢cTpykuii BTIILI. Ouinka BTIILI i z-score
kJanaHa JIA nig yac onepanii MoXke 3MEHIIUTH NMOTPeby B peornepanisx, CIpUsATH BUGOPY KianaHo3bepirardoi
TaKTUKHU Ta 3HU3UTH PU3UK HACTYNHUX XipypriyHUX BTPy4aHb Yepe3 HeJJOCTaTHICTh KJlallaHa JiereHeBoi apTepil.

Katou4oei caoea: spodiiceni eadu cepys, xipypeiuHa kopekyis, npeHama/bHa diazHocmuka, 36a2a4eHHs 1e2eHeso-
20 KpOBOMOKY, eHO0B8ACKYASAPHI 8MPY4aAHHS, MPAHCAHYASPHA NAACMUKA, KAanaHo3bepieaioua onepayisi.
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LY «HauioHanbHWI iHCTUTYT cepLeBO-CyaAMHHOI Xipyprii imeHi M. M. AMocoBa HAMH Ykpainu», M. Kuis, YkpaiHa

[ BOHanpaBneHUi KaBanylbMOHa/IbHUA aHAaCTOMO3 SIK eTan
reMoAnHaMIYHOI KOpeKLii NoABIMHOro BiAXOAXXEHHS MariCTpaibHUX CyAUH
Bij, NpaBoro WayHO4Ka

Pe3iome

[ToxBiliHe BiiXO/»KeHHS MaricTpaJibHUX CY/IUH BiJj IpaBoro IIJIyHOYKa — Lie CKJIaJ{Ha BPO/PKEHA BaJia ceplst
3 aHOMaJIbHUM BEHTPUKY/I0apTepia/lbHUM 3'€lHAHHSAM, y IKOMY JIereHeBa apTepis Ta aopTa BUXOAATH Nepe-
Ba’KHO 3 IPABOTO LIJIyHOUYKA. [[alliEHTH AKUM HEMOXK/IMBO BUKOHATH PaJIMKa/IbHY KOPeKI|ilo yepe3 HasABHICTb
MHOXXUHHHUX CyMyTHIX BaJ ceplisi MOTPe6YIOTh reMoAMHAMIYHOT KOpeKIil.

MeTa. OuiHUTH nepejonepaniiiHi XapaKTepUCTUKH, 6e3Mocepe/iHi Ta BiJj/jajieHi pe3y/ibTaTH Mic/is BUKOHAH-
HA JIBOHAIIPABJIEHOTO KaBallyJIbMOHAJIbHOI'O aHACTOMO3Y fIK eTaly reMoJMHaMi4yHOl KOpeKIil y mamieHTiB
3 OZABIMHUM BiAXOJ>)KEHHAM MaricTpasbHUX CY[IMH BiJi IPaBOT0 LIJIYHOUYKA.

Marepiaau Ta MmeToau. Y nepiog 3 1996 poky no 2024 pik y 1Y «HICCX im. M. M. AMocoBa HAMH VYkpa-
fHK» 6yJi0 IpOBeJeHO XipypriyHy Kopekuito y 483 nauieHTiB 3 noJABIMHUM BiJXOJKEHHSIM MaricTpalb-
HUX CY[JUH BiJj MpaBoro LUIyHO4YKa. PaJjuKa/lbHy KOPEKIil0 BaAu BUKOHAaHO y 446 (92,4 %) mauieHTiB,
v 5 (1 %) nauieHTiB o6pasu mWAX NiBTOpALLIYHOUKOBOI Kopeknii, iHuMm 32 (6,6 %) nanientam 6y/10
00paHO reMoJiMHAMiUHYy KOpeKIiilo yepe3 0COGJHUBOCTI reMoJUHAMIKH, 110 XapakTepHi Ausa ¢isiosorii
€/JMHOIO LIJIYHOYKA CepL.

PesyabraTu. [ocniTasbHa JleTanbHiCTb ckaana 3,1 % (n=1). HeyckiagHeHU# nepe6ir y paHHbOMY Mic/s-
onepaniiiHoMy mnepiogi crmoctepiranu y 26 (81,2 %) mauieHTiB. Ha MomeHT Bunucku 12 nanieHTiB 3 II
nepeinuiy B I QyHKIiOHAIBHUH KJIac ceplieBoi HeJIOCTAaTHOCTI, cepe iHmux 20 nanieHTiB 3 Il pyHKIioHANB-
Horo kJsacy - B I (n=15) Ta y II (n=5). Takox BiAgMiya/iu niABUIeHHs caTypauil kucHio 3 74 [50; 92] % no
86 [77; 92] % nicna BTpy4yaHHA. BxKKBaHICTb NaLi€HTIB cTaHOBUJIA: Yepe3 6 Micauis — 96,7 % (n=30), yepe3
1 pik - 93,5 % (n=29) i 6ys1a cTasI010 J10 3aBepLIAJIBLHOIO eTany reMoJUHAMIYHOI KOPeKIIii.

BuicHOBKHM. [logBiliHe BiAX0/MKeHHsI MaricTpaJibHUX CY[JUH BiJi IpaBOro LIJIyHOYKA — i€ CKJaJiHa BpoJKeHa
Ba/la ceplid, sIKa BKJIIOYAE IUPOKUH CIIEKTP aHATOMIYHUX BapiaHTIB Ta MOTPeOYE peTebHOr0 NiAX0AY 1010
BUOOPY TAaKTUKU XipypriuHoro JiKyBaHHS, a JABOHAIlpaBJeHUWH KaBamyJbMOHAJIbHUI aHACTOMO3 IOKa3ye
xXopouri 6e3nmocepe/iHi Ta BiJJlajsieHi pe3y/sbTaTH y MaIiEHTIB, IKUM HEMOMJIMBO BHUKOHATH pPaZiUKaJbHY
KOpeKL|io.

Kamwwuoei caosa: spodiceri sadu cepysi, eemoduHamiyHa Kopekyis, 080HaAnpasieHull KasanynbMOHAAbHUL
aHacmomos, deghekm MidcuyHo4Ko8oi nepe2opodku, CmeHo3 e2eHesoi apmepii.

© 2025 The Authors. National M. M. Amosov Institute of Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).
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Bceryn. IloaBiliHe BiJxo/>)keHHS1 MaricTpaJibHUX Cy-
IuH Big mpaBoro muryHouka ([IBMC Big I11I) - e Tun
AHOMaJIBHOTO BEHTPHUKYJ0ApTepiaIbHOrO 3'€AHAHHS,
IIpU SIKOMY a0pTa Ta JiereHeBa apTepisi MOBHICTIO abo me-
peBakHO 3'€lHaHi 3 MOP}OJIOTIYHUM NMPABUM LLJIYHOY-
koM [1]. Lle cipUYMHIOE BHYTPIIIHbOCEPIIEBE 3MilllyBaH-
Hf OKCUTE€HOBAHOI Ta ,e0OKCUreHOBaHOI KpoBi. [lanjienTn
3 [IBMC Big I11II 3 06CTpyKIli€l0 JIereHEBOTO KPOBOTOKY
(mampukJaz, aTpesis JiereHeBoi apTepii abo cTeHO03) 3a-
3BUYal MalOTh 3HWKEHU U IPUIIJIUB KPOBI J10 JIeTeHb, 1[0
MPU3BOAUTH 10 BUpPaXKeHOro 1jiaHo3y. HaTomicTh y nami-
exnTtiB 3 [IBMC Big [l 6e3 mepemko sl JiereHEBOTO
KPOBOTOKY BUHUKAE TinepBOJieMisl JiereHeBOro KpoBo-
TOKY i 3 4acoM, sIK HaCJifI0K, — JiereHeBa rinepteH3is [2].

Jliarnos INBMC Big Il BcTaHOBJIIOBAJIH, SIKIO 06HU-
JABl BesIMKiI apTepil BUXOAWJM NepeBaKHO 3 MPaBOro
IIJIYHOUYKA, Kepyduch «npaBuioM 50 %». lle nmpaBu-
JIo Tlepeabavasto, o oAHA 3 apTepil MOBHICTIO, a iHIIa
6inbmn Hix Ha 50 % BUXOAMJIA 3 TPABOrO MIJIyHOUKa [3].

KpiMm Toro, Taki aHOMaJiil 4acTO CynpOBOKYIOThCS
JledeKkTaMu MepesicepAHO-LIIIYHOYKOBOrO 3'€/[HAaHHSA Ta
iHIIMMU CynmyTHIMHU BpOMKeHUMH Bagamu cepiisd (BBC),
cepes, IKMX HaMOi/ibIl HeOGe3NneYHi MPU3BOJATDH /0 Te-
MOJHWHAMIiKH, XapaKTepHOI /i dpiziostorii egUHOTO ILTY-
Houka cepus (ELIC) [4].

[luTaHHA WO/0 BUGOPY ONTHUMATIBHOTO JIIKyBaHHS
[IBMC Big I, 1m0 NOEAHYETHCSA 3 IHIIUMHU CKJIAJHUMU
BBC Ta/a6o0 rinomsasi€lo mpaBoro 4 JiBOTO HLJIYHOY-
Ka, 3aJIMIIAEThCA AUCKYCiHHUM. Jlo MeTOiB Xipypriy-
Hoi Kopeknii ckJagHuX KoMiiekcHux BBC HanexaThb
pajsuKajbHa omepalisg a6o JABOLUIJIYHOUYKOBA KOpPEKIis
(biventricular correction) Ta/a60 OZHOULIYHOYKO-
Ba reMoJMHaMidyHa cTpaTeria 3a MetonoM PoHTeHa
(Fontan procedure) [5]. [lanieHTaM i3 BigmaseHUM YU
MHOXXUHHUMU JedeKTaMu MiKIIJIYHOYKOBOI Mepero-
poaku (JAMILII), ckJagHUMH aHOMAJTISIMU aTpPioBeH-
TpUKyasipHoro (AB) KJsiamaHa, rinon/iasi€ mpaBoro 41
JIIBOTO LUIJIYHOYKA, a TAKOX IPU NOEAHAHHI 3 IHIIUMU
ckaaaHuMu BBC HeoOXijHM I moeTanHUH MaJiaTUBHUH
migxizg [6].

JIBOHanpaB/ieHU KaBalyJbMOHaJbHUN aHacCTOMO3
(AKIIA) € eTanoM reMoMHAMi4YHOI KOPEKIIil, MPH IKOMY
Mi>XX BEpXHbOIO IOPOXKHHUCTOI0 BEHOIO Ta PaBOI0 TiJIKOI0
JereHeBoi aptepii (JIA) cTBoprEThCA aHacTomo3. s
npoueaypa 3/e6i/bIIoro BUKOPUCTOBYEThCS AJS PO3-
BaHTaXX€HHS CHCTEMHOTO IIJIYHOYKa Ta OJHOYaCHOIO
MOKpAaleHHS OKCUTeHallii CHCTEMHOTO KPOBOOOIry y ma-
I[iEHTIB 3 OJTHOLLIYHOYKOBOIO disiosoriero [7].

CborofiHi y HayKoBil JiiTepaTypi HEJOCTaTHLO BUCBIT-
JieHO AocBij 3actocyBaHHs JIKIIA gk eTamy reMoJiMHa-
MiyHoi Kopekiiii came npu [IBMC Big I, 1m0 3ymMoBJIt0€
aKTyaJIbHICTh NOJAIbIINX JOCIIPKEHD Y IIbOMY HaNpsMi.

MeTa. OuiHUTHU NepejonepaniiHi XapaKTepUCTUKH,
Oe3mocepesHi Ta BiggasieHi pe3ysbTaTH TMicas BUKO-
HaHHA [JIBOHANpPaBJEHOr0 KaBallyJIbMOHAJbHOTO aHac-
TOMO3Y {IK eTaly reMoJAMHaMIYHOI KOpeKIiil y narieHTiB
3 MOABIMHUM BiXO/PKEHHSIM MaricTpajbHUX CYAWH Bif,
NpaBoro LIJIYHOYKa.

Marepiaiu Ta MeTogu. Y mnepios 3 1996 poky no
2024 piky 1Y «<HICCX im. M. M. AMocoBa HAMH Ykpainu»
OyJ10 TPOBEIEHO XipypriuHy KopeKIir y 483 naifieHTiB 3
[IBMC Big III. PagukanbHy KOpEKIil0 Bajy BUKOHAHO
y 446 (92,4 %) nauienTiB, y 5 (1 %) nauieHTiB o6panu
IIJISIX MiBTOPANTYHOYKOBOI Kopeknii, iHmuM 32 (6,6 %)
nmamieHTaM 6y/10 06paHo reMOJMHAMIYHY KOPEKIIio Ye-
pe3 0CoBJIMBOCTI reMoAMHAaMIKH, XapaKTepHi s ¢pisio-
Jsiorii EIIC, Tomy iM 6ysi0 BUKoHaHO /IKIIA sk eTan ogHO-
LIJIYHOUYKOBOTO 14xy. Cepes AOCIiPKYBaHOI Tpyny na-
nieHTiB (n=32), AkuM 6ys0 BukoHaHo [KIIA, yosoBivoi
crari 6yso 15 (46,9 %), xino4oi - 17 (53,1 %). MeziaHa
BiKy Ha MOMeHT omnepaliii craHoBuaa 31,5 [6; 156] mica-
ud. Mefiana Macu Tijla HA MOMEHT omnepalil CTaHOBUJIa
12 [6,2; 35,5] k.

[Ipu rocmitasnisarnii BCTaHOBJIEHHA [jiarHO3y Ta aHa-
TOMIYHI AaHi Ga3yBasiMCs Ha MOEJHAHHI NMPOBeAEeHHS
¢disuKasbHOTO OIISAAY, MNBOBHMIpHOI exokapaiorpadii
(ExoKI) Ta kKaTeTepusallii MOpOXHUH Ceplsl 3 aHTi-
okapziorpadiero (AKI). Ilpu ornsgi y Bcix maljieHTiB
crocTepirasucs 3aJMIlIKa, WIBUJKA BTOMJIIOBAHICTb, y
30 (93,7 %) nauienTiB BuU3Ha4aBcs 1jiaHo3. Cepex 32 ma-
uieHTiB 12 (37,5 %) nanexanu go Il dpyHknionaspHOro
kJsacy (PK) cepreroi HenoctaTHOocTi (CH) 3a NYHA, iHmi
20 (62,5 %) - no 1ll. Megiana piBHs cucTteMHoi caTypa-
1ii 10 onepanii craHoBusia 74 [50; 92] %. Ha peHTreHo-
rpamMi y BCiX Mali€HTIB BH3HadaJjacd KapzioMmeraJsid, a
y 26 (81,2 %) - mocueHHs JiereHeBOro MaJoHKY. [Ipu
npoBesieHHi ExoKI' y Bcix maui€eHTiB BUsSBJIEHO Bifxo-
mxeHHs JIA Ta aoptu Big I1HI i JMIIIIL. Cteno3 JIA 6yB
HaWGi/MbII MOUIMPEHUM YpaKeHHSM i 3ycTpiyaBcd y
30 (93,7 %) nanienTiB. 3a fanumu ExoKI'y 32 nanieHTiB,
SIKUM OyJ10 06paHO TeMOZMHAMIYHy KOpEeKIIito, BiMida-
JIW TaKi aHaToMiuHi oco6iMBoCTi: y 14 (43,8 %) narieH-
TiB [IBMC Big I cynpoBo/pKyBasiocs rinmonsazieto MM
Ta/abo Tpuctyakooro kianana (TK), y 10 (31,2 %) -
aTpiOBEeHTPUKYJISIPHUM cenTalbHUM AedexkToM (ABC),
y 4 (12,5 %) - rinomuiasiero JIII, y 4 (12,5 %) - MHOXHH-
Humu JIMIII. OkpiM HasIBHOCTI CymyTHiX MHOXXHHHHX
BBC, B 1 (3,1 %) manjieHTa npu rocnitasisanii BUsBJIEHO
iHpeKIiHHUN eHJOKapJUT 3 MAacCHBHUMMU BereTalisiMH
Ha kJianaHi JIA.

[IBMC Bia I Bk/t0OYa€E pi3SHOMAHITTSA aHATOMIYHHUX
BapiaHTIB i MOB’I3aHUX 3 HUMH BaJ] PO3BUTKY. XapaKTe-
PUCTHKA Nali€EHTIB 3aJIeKHO B/l BCTAHOBJIEHOT O IiarHo-
3y Ta CyHmyTHIX BPOJKEeHHUX BaJ, cepld NpeJcTaBjeHa B
Ta6auLi 1.

BpaxoBy14yud HasgBHICTb MHOXXUHHUX CynyTHiX BBC
Ta 3HAYHi MOpylIeHHs reMmoguHaMmiky, y 25 (78,1 %)
MaLi€EHTIB AJi1 BU3HAY€HHA TAKTUKU XipypridyHOTO Ji-
KyBaHHS BUKOHaJ/IM KaTeTepU3al|ilo IOPOXKHUH cepls 3
AKT, na Bigminy Big inmux 7 (21,9 %), e TaKTUKY BHU-
3Ha4yuJM 3a gonomoror ExoKT. Iix yac BuUBYeHHSA aHa-
TOMIYHHUX CTPYKTYp Ceplsl OCOGJIMBY yBary 3BepTaH
Ha CTYIiHb HEJJOCTAaTHOCTI aTpioBeHTPUKYyIsApHUX (AB)
KJIallaHiB Ta HasBHICTh O6CTPYKI[ii BUXiIHOTO TPaKTy
JiBoro myHouka (BTJII), siki € BaXXK/IMBUMU YHUHHUKA-
MM TIpU BUOOpPi reMoAuHaMiyHOI Kopekiii. OniHoBamu
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0COOGJIMBOCTI TeMOJMHAMIKM 3a TaKMMH IapaMeTpaMy,
SIK KiHIeBo-aiacTosiivHud THuck y JIII, dpaknis BUKH-
ny (®B) siBoro myHo4YKa, HasgBHICTh HeZOCTATHOCTI
Ha AB-kJsianaHax, piBeHb OKcUreHallii KpoBi, omip cy-
JIMH JIET€HEBOT0 pycJsa, po3MipH rijiok Ta TUcK y JIA. Y
9 (28,1 %) nawieHTiB BUABJIEHO [J0OJATKOBY BEPXHIO I10-
poxkHUCTy BeHy (BIIB). IlokasHUKH reMOAWHAMiKKH 3a
nanuMu ExoKI' Ta kaTeTepu3alii mopoXHUH cepus 3
AKT HaBegeHi B Ta6buuni 2.

Cepen ycix naunienTiB 17-tu (53,1 %) nepmum eta-
oM 6yJI0 BUKOHAHO Ma/liaTUBHY NMpoLeaypy y Bili Bif
1 go 3 micanis, y Tomy yuciai 16 (50 %) namieHTam 4e-
pe3 HasiBHICTh 30iiHEHOT0 JIET€HEBOTO KPOBOIJIMHY BU-
KOHaJIU OINepalilo CUCTEMHO-JereHeBOro aHacTOMO3y
(bnenok-Tomac-Tayccir myHT) 3a AOMOMOTOI CYAHH-
Horo mpote3a Gore-Tex, 1 (3,1 %) manieHTy nmpoBesu
3BY)KYBaHHsI JIereHeBOi apTepil y 3B’s13Ky i3 36araueHuM
JlerTeHeBUM KpOoBOIIMHOM. Y 15 (46,9 %) narieHTiB Ha-
kJsagaHHs [JKIIA 6ys0 nepmuM eTarnoM reMoAHHaMiqHOT
KOpeKIIil.

Yci onepariii BUKOHyBaJIM i3 cepeJUHHOI CTEPHOTOMIl
B YMOBax LITYYHOI'0 KPOBOOGIry. XipypriyHy KopekIito
Bazu 15 (46,9 %) manienTtam, y skux JKIIA 6yB nepuium
€TaroM reMOMHAMIYHOI KOpPeKIiil, BAKOHYBaJIY LJIAXOM
HaKJ/aJJaHHA aHaCTOMO3y MiK BEpXHBOIO IOPOKHUCTOIO
BEHOI0 Ta npaBoio Triyikoto JIA. Y 15-tu (46,9 %) nmarieH-
TiB, AKMM paHillle NPOBOAMWJIACH NaJiaTUBHA Ipoueaypa
(cucTeMHO-JIereHEBUI aHACTOMO3 CIIPaBa), MPOBEJH X
3aKpUTTS. BBa)KaeMo HeOOXiIHUM BUKOHYBAaTH BiAci-
YeHHS CUCTEMHO-JIeTeHeBUX aHaCTOMO3iB /1/11 yHUKHEH-
HS1 pO3BUTKY CTEHO3iB rijiok JIA 3 pocTOM AWTHUHY, IO i
BukoHaHO y 100 % Bunazkis.

Takoxx cepeg ycix xBopux 2 (6,2 %) narieHTaM BUKO-
HaJIU IJIaCTUKY JiiBOI risiky JIA 3amsiaTolo i3 ayTonepu-

Ta6bnuus 1

CynymHi epoomeni eadu cepusi npu [IBMC gid [1LLI 3
00HOWIYHOYK08OI0 (i3ionozieto, n=32

BapianT NMBMC Big MLU

TpaHcno-  TeTtpap- Tun

3uLiMHMMA  Huii TMR, ML,
CynyTHsa Baga T™N, n=24 n=4 n=4
)ﬁfHOB ctoebypa Ta rinok 24 3 2
Atpesia JTIA - 1 -
ABC[, 5 2 3
amnn 7 - -
MHOXMHHI AMLUM 4 - -
HepecTtpuktneHuii AMLUMM 20 4 4
linonnasisa TK Ta/abo ML 14 - -
lMnonnasia LW 1 1 2

IIpumimku. JIA - nereneBa aprepis, ABC/l - aTpioBeHTpUKysp-
Hui centanbHui gedekt, JMIII - gedexT MixnepencepaHoi ne-
peropogku, TK - TpuctynkoBuit kianas, JIL - jiBUl HIYHOYOK,
[II - mpaBU# MIJIYHOYOK.

Tabnuus 2
lemoouHamiyHi ocobnusocmi 3a daHumu ExoKI ma AKT

MokasHuku Me [miH; Makc]
ExoKI

KAl, Mn/M? 34 [11,7;120]

OB 1L, % 67,5 [36; 87]

XOK, n/xB 2,41 [0,559; 825]
Kamemepus3sauis nopoxrHuH cepus 3 AKI

KCT N1l mm pr.cT. 102 [80; 150]

KOT /W MM pr.cT. 9[1; 18]

Sat Oz Ao, % 80 [46; 88]

Sat O, MM, % 65 [39; 84]

Sat 02 J1A, % 80 [60; 88]

Tuck B JIA, MM pT.CT. 10 [5; 22]

Tuck y BINB, MM pT.cT. 7(2;15]

Liametp JIMA, MM 8 [4; 16]

Liametp MIMNA, MM 10 [7; 17]

Onip cyauH nereHeBoro 0,89 [0,34; 4,0]

pycna, Wu

IMpumimku. KJ0 JIII - kiHyeBo-AiacToIiYHUN 06'€M JIiBOTO 1JTy-
Houka, K/II - kiHueBo-aiacTosniunuit ingexc, ®B JIII - ppakyis
BUKHUAY JIiBOTO MIJIYHOUYKA, YO - yrapHuil 06’em, XOK - XBUIHH-
HUH 06'eM KpoBooGiry, SatO2 - carypauis kucHio, I1I1 - npaBe
nepejcepas, Ao - aopra, CJIA - ctoB6yp JIA, JITJIA - niBa rinka
JIA, TITJIA - npaBa rinka JIA, KAT JIII - kiHueBo giacTosiyHUH
Tuck JILI.

KapZia yepe3 HagBHICTb ii rinomnviasil. Bukonysanu JJKITA
y ABoxX Moaudikaniax: y npaBy rinky JIA «Bi-Di Glenn» -
y 23 (71,9 %) nauieHTiB, ABOCTOPOHHIH y npaBy i JiiBy
rinku JIA «Bilateral Bi-Di-Glenn» -y 9 (28,1 %) nmauien-
TiB 3 0,aTKOBOIO J1iBOCTOPpOHHbOO BIIB.

Juisa 3axucty miokapga y 12-tu (37,5 %) naunieHTiB
BUKOPHCTOBYBa/IM (PapMaKOx0/0[0By KapAioIJerito
(Kycrogion). Cepen Hux y 2-x (6,3 %) nmauieHTiB micss
miaactuky JAMIIIT 3ansiatoro Gore-Tex yepe3 nepeBaH-
TakeHHA Ta gucdyHkuito I i HeMOoXJIUBICTb BiJjKJIIO-
YUTH IITYYHUN KPOBOOOIT 6y/10 IPUNHATO pillieHHS PO
3HATTA 3allJaT Ta HaKJaJaHHA KaBalyJbMOHAJIbHOIO
aHactomosy, 1-my (3,1 %) nanienTy 3 iHQeKLiHHUM eH-
JOKapAMTOM BHJaJIeHO BereTralil 3 KianaHa JIA Ta Ha-
kiazgeno [JKIIA, y 4-x (12,5 %) nauieHTiB BUKOHyBaJach
IJIaCTUYHA PEKOHCTPYKIisl ogHoro 3 AB kJanaHiB, 5-Tu
(15,6 %) nanieHTaM BUKOHYBaJIM aTPiOCENTOCTOMIIO.

PesysnbraTu. [ocniTasbHa JieTaJIbHICTb Y PaHHBO-
My micisionepauiiiHomy nepiogi ckiaagana 3,1 % (n=1).
[Manient maB [IBMC Big [ TpaHcno3uLiiiHOTO TUIY, Ti-
nonsasito [111, creHos JIA Ta 104aTKOBY JIiIBOCTOPOHHIO
BIIB. 3 nepenonepaniiHUX 0co06JMBOCTEN reMoiJMHAMI-
KU BigMivanu: Tuck y JIA = 22 MM pT.CT. Ta omip CyAUH
Jlere”HeBoro pycsaa 4 Wu. Yepes BupakeHy rinomnsasio
[TII papgukanbHa KOpeKIisi 6y/sa HEMOXKJIMBA, TOMY V Bili
37 MicAniB i3 cepeJMHHOI CTEPHOTOMII BUKOHAHO OIlepa-
nito gBocropoHHsoro [JKIIA. B panHboMy micasionepa-
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LiiHOMY MepioAi cnocTepiraJacs nporpecyroya cepiieBa
Ta AVXaJbHAa HEJOCTATHICTB, 1[0 MOTPe6YBaJd BUCOKUX
103 iHOTPOMHOI MiATPUMKH, 6€3 MO3UTHBHOI JUHAMIKHU
3 HapOCTaHHAM I0JIIOPraHHOI HeJJOCTaTHOCTI, TOCTPUM
MOPYIIEHHSIM MO3KOBOI'0 KPOBOOGITy Ta HAOPSIKOM MO3-
Ky. B pe3ysbTaTi nmamieHT momep Ha 8-My A00y micis
omnepanil.

[HTpaonepaniiHo MeJliaHa yacy nmepeTUCKaHHS aop-
TH (n=12) cknana 11 [3; 44] xBuauH, nepdysii (n=32) -
90 [48; 197] XBUIMH, TpUBaJicTh omepanii (n=32) -
240 [120; 507] xBUJIHH.

Y micasionepariiiHoMy nepiozi (n=32) MexaiaHa Tpu-
BasiocTi mTy4yHol BeHTHJ ALl serenb (LIBJI) craHo-
BUja 6 [1; 72] roawH, TPpUBAJIOCTi 3arajbHOI eKCyzda-
iii - 48 [36; 96] roauH, 3araJibHOI CHMIIATOMiMeTHY-
HoOl miaTpuMKu - 72 [12; 144] roguHu y cepenHin f03i
5 Mkr/ kr/xB. HeyckiaiHeHUH nepebir y paHHbOMY ITic-
JisionepalliiHoMy nepiozi crocrtepiranau y 26 (81,2 %)
nanieHTiB. Pemrra 6 (18,8 %) manieHTiB Manu yckiaa-
HeHHs: ¥ 2 (6,2 %) marieHTiB crocTepirajsocs rocrpe
MOPYIIEeHHSI MO3KOBOI'0 KpOB0OOOiry, 3 fikux 1 mamieHT
3arunyB; y 1 (3,1 %) - nHeBMoOHIsT; y 2 (6,2 %) nanien-
TiB - iHdeKIiliHe 3amasieHHs MicJasonepaniiHol paHuy;
y 1 (3,1 %) cnocrepiranucs siBuIIa cepLeBoi Ta JUxXasb-
HOI HeZI0OCTAaTHOCTI. MeziiaHa TpWBaJIOCTi NepeOyBaHHSA
nanieHTa B ymoBax BPIT cranoBuia 96 [24; 240] roauH.

Y nmicnsionepaniiHoMy mnepiofi MejiiaHa piBHS CHC-
TeMHoI caTypanii craHoBusa 86 [77; 92] %. Ilicia Ha-
kjaagaHHa JKIIA cnocrepirasiocsi mifBUILlEHHS IeH-
TpaJibHOTO BeHo3HOoTO THCKY (LIBT) B cucTeMi BepxXHBOI
NOPOXKHUCTOI BEHHU, L0 € XapaKTePHUM /JiJIsI TAKOTO BU-
Jly NaJiaTUBHOTO JIIKyBaHH{, IPU L[bOMY MeJjiaHa THC-
Ky B cuctemi BIIB, abo aHacTomo3i (n=32), craHoBWJIa
13[7; 17] MM pT.CT.

[lepioj cnocTepe)xeHHsS TPUBAB Y cepeiHbOMY 45+12
MicsaniB (Bix 6 mo 180 micaniB), mig yac sskoro crnocTepi-
raau 29 nanieHTis, a6o 93,5 % BiJ KiJIbKOCTI Malji€EHTIB,
BUIMCAHUX 3 JikapHi; y 2 (6,4 %) nauieHTiB 3B’130K 6y-
JIO BTpauyeHO. BU>KMBaHICThb NALiEHTIB CTAaHOBUJIA: Yepe3
6 MicsaniB - 96,5 % (n=28), yepe3 1 pik - 93,1 % (n=27) i
OyJ1a CTaJI010 10 3aBEPIIATBHOIO eTaIy reMoAMHaMI4HOi
Kopekiiil. [[puYrHO0 JleTaJbHUX BUIIAAKIB 6yJsia Hapoc-
Taloya cepleBa Ta JUuxaJbHa HeJOCTaTHICTb.

HactymnHuit a6o 3aBepiiajibHUH eTar reMoAMHaMiYHO1
KOpeKLii y BUIVIAJI TOTaJbHOTO KaBalyJbMOHAJIbHOIO
cnosiydenHs (TKIIC) 6yB BukoHaHuit 22 (71 %) narieH-
TaMm, siKi Oysin BUnMcaHi 3i ctanionapy (n=31). [IpoBeneHa
OIliHKa BCiX MpPOONEpOBaHUX Mami€HTiB (n=32) AeMOH-

CnMCcOK BUKOPUCTAHOI JIiTepaTypu
References
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0O6roeopenHs. [IBMC Big I € ckiazHOWO BpoIKe-
HOI0 Ba/I0I0 ceplisl 3 6araThMa aHATOMIYHMMU Bapialis-
MM Ta MMOB’sI3aHMMHU 3 HUMHU cynyTHiMu BBC.

[lnX 0fHOLIYHOYKOBOI KOPEKILii € NajiiaTUBHUM Xi-
PYPTiYHUM pillleHHSM J1Jisl MAIiEHTIB i3 CKJIagHUMU pop-
mamu [IBMC, siki cynipoBOKYIOThCSl CYNIyTHIMU BaJlaMu
cepl, 110 IPU3BOAATD 10 PO3BUTKY reMOJIMHAMIKH, Xa-
PaKTepHOI JJisT OJJHOULIYHOUYKOBOI ¢isiosorii. ['eMogu-
HaMiuHa KOpeKlis nepeabadyae CTBOPEHHS IMOETAMHOIO
MMOBHOI'0 KaBamyJbMOHAJbHOrO 3'€/JHAHHS Ta IMepeHa-
NpaBJIeHHA CUCTEMHOI BEHO3HOI KpOBi 10 JilereHeBOro
KpOBO0OGiry B 06xia cepiis. Llel moeTanHu# miaxig 3MeH-
LIY€ HaBaHTaXXeHHS Ha €AMHUH LIJIYHOUYOK, 103BOJIAI0YHU
HOMY 30CepeUTHCS Ha CHCTEMHOMY KpoB0oo6iry [8].

[IpoBeneHM HaMU aHaJi3 XipypriyHoro JiKyBaHHSA
32 nauienTiB i3 [IBMC Big I y noegHaHHi 3 iHIIKUMU
BBC, skuM 4epe3 aHAaTOMiI4Hi 0COGJIUBOCTI 6YJ10 06paHO
onepanito JIKIIA, nokasas, 110 cepes Tpyny MNalji€HTIB
HaHGi/IbII MOMUPEHUM aHATOMIYHUM BapiaHToM [IBMC
OyB TpaHCNO3ULiHHUH TUT -y 24 (75 %) nauieHTiB. ['oc-
miTaJbHa JieTaJAbHICTh ckaagana 3,1 % (n=1), Bizganena
JIeTaJbHIiCTb - 6,4 % (n=2).

Ham gocBig BukoHanHs oneparii JIKIIA nokasaB Xo-
polli pe3y/JbTaTH NMaiaTUBHOIO JIIKYBaHHA Y Nalli€EHTIB
i3 [IBMC, 3HM3UBILIM HAaBAaHTA>KeHHS Ha ceplie Ta 3HAa4YHO
MOKpAIMBIIX BWXUBAHICTD | AKICTb XUTTA MALiEHTIB,
He3Ba)kKaloyMd Ha JOBOJIi BHCOKMHM BimcoTok (18,8 %)
yCKJIaJilHEHb y paHHbOMY MicJ/sionepaliHoMy nepioai.

BuCHOBKH

1. loxBiiiHe BiAXOMKEHHSI MaricTpaJbHUX CYAUH Bij
MpaBoOro IIJIyHOYKa — e CKJaJHa BpOJKeHa Baja
cepld, Ka BKJIIOYA€E IIUPOKUM CIIEKTP aHATOMIYHUX
BapiaHTIiB Ta MOTpeby€e peTeJqbHOTO MiIX0AY 10 BH-
00py TaKTHKH XipypriyHOro JIiKyBaHHS.

2. JIKIIA - ue etan reMoguHaMiyHOI KOpeKIiil, AKUH BU-
KOPHUCTOBYETHCA [JIS PO3BAaHTa)X€HHA CUCTEMHOIO
nIyHouKa (nepexin namienTis i3 I (n=12) y [ ®K CH
Tai3lllyI(n=15) Tall (n=5) ®K CH) Ta ogHOYacHOTO
MOKpallleHHsI OKCUTeHallii CUCTEMHOr0o KpOBOOGIry
(migBuIeHHs caTypanii kucH 3 74 [50; 92] % no
86 [77;92] % micaisa BTpy4yaHHd) y nanieHTiB i3 [IBMC
Big I11I i3 dpiziosoriero «EAMHOrO MITYHOUKA».

3. Ycnix BukopuctanHs JKIIA 3anexuTb Bifi TO4YHO-
ro mgbopy MaIieHTiB, 110 /[03BOJISIE JOCATTHA ONTH-
MaJIbHUX pe3y/bTaTiB Ta YHUKHYTH MOXJIUBUX IIiC-
JigonepanilHUX YCKJIaJHEHb.
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Bidirectional Cavapulmonary Anastomosis as a Stage in the Hemodynamic Correction
of Double Outlet Right Ventricle

Andriiana A. Chyipesh, Ivan V. Dziuryi, laroslav P. Truba, Serhii M. Boyko, Hanna V. Maistriuk
Amosov National Institute of Cardiovascular Surgery of the National Academy of Medical Sciences of Ukraine, Kyiv, Ukraine

Abstract

Double outlet right ventricle (DORV) is a complex congenital heart defect with an abnormal ventriculoarterial
connection, in which the pulmonary artery and aorta arise predominantly from the right ventricle. This condition
encompasses a wide range of anatomical variants and associated malformations. A subset of patients with DORV
requires a univentricular approach to defect correction due to the impossibility of performing anatomical repair with
a bidirectional cavapulmonary anastomosis. This cohort of patients presents specific perioperative management
challenges, which are the focus of this article.

Aim. To evaluate the preoperative characteristics, immediate and long-term results after performing a
bidirectional cavapulmonary anastomosis as a stage of hemodynamic correction in patients with double outlet right
ventricle.

Materials and Methods. In the period from 1996 to 2024, at the National Amosov Institute of Cardiovascular
Surgery of the National Academy of Medical Sciences of Ukraine, 483 patients with double outlet right ventricle were
surgically corrected. Radical correction of the defect was performed in 446 (92.4 %) patients, in 5 (1 %) patients a
one-and-a-half-ventricle repair, and in the remaining 32 (6.6 %) patients, hemodynamic correction was chosen due
to the hemodynamic characteristics typical of the physiology of a single ventricle heart, so they underwent bidirec-
tional cavapulmonary anastomosis as a stage of the single ventricle approach. On echocardiography, among the study
group of patients (n=32) who underwent bidirectional cavapulmonary anastomosis, 24 (75 %) had transposition of
the great arteries, in 4 (12.5 %) a tetralogy type, and 4 (12.5 %) patients had a type of interventricular septal defect.

Results. Hospital mortality was 3.1 % (n=1). Uncomplicated course in the early postoperative period was observed
in 26 (81.2 %) patients. At discharge, 12 patients with II functional class of heart failure transitioned to I functional
class, among the other 20 patients with III functional class, 15 transitioned to I and 5 to II. An increase in oxygen satura-
tion from 74 [50; 92] % to 86 [77; 92] % was also noted after the intervention. Patient survival was 96.7 % (n=30) at
6 months and 93.5 % (n=29) at 1 year and remained stable until the final stage of hemodynamic correction. The next,
or final, stage of hemodynamic correction in the form of total cavapulmonary connection was performed in 22 (71 %)
patients who were discharged from the hospital (n=31). An assessment of all operated patients (n=32) shows that the
final stage of hemodynamic correction, or the Fontan procedure, was achieved in 68.7 % of patients.

Conclusions. Double outlet right ventricle is a complex congenital heart disease that includes a wide range
of anatomical variants and requires a careful approach to choosing the tactics of surgical treatment. Bidirectional
cavapulmonary anastomosis as a stage of hemodynamic demonstrates favorable immediate and long-term outcomes
in patients who cannot undergo radical correction.

Keywords: congenital heart disease, hemodynamic correction, bidirectional cavapulmonary anastomosis, interven-
tricular septal defect, pulmonary artery stenosis.
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Development of an Arrhythmogenic Cardiomyopathy Model Using
CRISPR-Cas9 and Homology-Directed Repair

Abstract

Arrhythmogenic cardiomyopathy (ACM) frequently results from loss-of-function variants in PKP2, leading
to desmosomal failure, electrical instability, and fibrofatty remodeling.

Aim. To create a human cellular ACM model by CRISPR-Cas9 knock-in of PKP2 c.2011delC in control induced
pluripotent stem cells (iPSCs) and to evaluate allele-specific correction by homology-directed repair (HDR)
in patient-derived iPSCs.

Materials and Methods. Two complementary iPSC systems were engineered: (i) pathogenic PKP2 c.2011delC
knock-in (exon 10; p.Lys672Argfs*12) in control iPSCs and (ii) CRISPR HDR correction in patient iPSCs. Clonal
edits were confirmed by Sanger/TIDE and long-range PCR (~2 kb); karyotypes were normal and off-targeting
was below method thresholds (TIDE 2%, amplicon-seq <1%).iPSC-derived cardiomyocytes were assessed for
PKP2 expression/localization (IF/Western), desmosomal organization (PKP2/DSP/Cx43), electrophysiology
(whole-cell patch clamp: APD90, arrhythmic events), Ca®* handling (Fluo-4; unit of analysis = differentiation;
5 cells x 3 differentiations/group), and fibrofatty remodeling (Oil Red O, Picrosirius Red). From patient edits,
12 single-cell clones were isolated; 9 were fully corrected, 6 advanced to functional testing.

Results. Mutant cardiomyocytes recapitulated ACM: PKP2 protein ~34.2% of control; desmosomal score
0.83+0.27 (vs 2.91£0.17), prolonged APD90 275+18 ms (vs 224+15 ms), and arrhythmias in 78% (Healthy 5%).
Ca®* transients showed reduced AF/F, 0.704+0.034 (vs 1.000%£0.039) and frequency shifts (Healthy
1.009£0.024 Hz, ACM 0.964+0.120 Hz, corrected 1.401+0.069 Hz; ANOVA p=0.0167). CRISPR correction
restored PKP2 to 92.1% of control, improved desmosomal organization to 2.68+0.19, shortened APD90
to 225+13 ms, reduced arrhythmias to 12%, increased Ca®* amplitude to 1.161+0.023, and normalized collagen
(4.8+0.6%) and lipid (8.2+1.2%) burdens.

Conclusions. Dual-direction editing-pathogenic knock-in for modeling and isogenic HDR correction for rescue-
provides a robust human platform for ACM. Correction of PKP2 c.2011delC reverses desmosomal, electrical,
Ca?*-handling, and fibrofatty defects, supporting translational development of gene-editing therapies for ACM.

Keywords. CRISPR-Cas9, gene editing, model of cardiomyopathy, iPSC, PKP2 mutation, homology-directed repair,
desmosomal integrity, correction of cardiomyopathy.

© 2025 The Authors. National M. M. Amosov Institute of Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).
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Introduction. Arrhythmogenic cardiomyopathy
(ACM) is a hereditary heart disease characterized by
progressive replacement of the myocardium with fibro-
fatty tissue, leading to ventricular arrhythmias and an
increased risk of sudden cardiac death (SCD). ACM is
one of the leading causes of cardiac arrest in young in-
dividuals and athletes, often manifesting without prior
symptoms [1]. Due to its genetic basis, ACM is primar-
ily associated with mutations in desmosomal proteins,
such as PKP2 (Plakophilin-2), DSP (Desmoplakin), DSG2
(Desmoglein-2), DSC2 (Desmocollin-2), and JUP (Junc-
tion Plakoglobin). Among these, PKP2 mutations are the
most prevalent, affecting approximately 40-50 % of ACM
patients [2,3].

On a molecular level, PKP2 mutations disrupt desmo-
somal cell adhesion in cardiomyocytes, impairing inter-
cellular communication and triggering abnormal intra-
cellular signaling, including activation of Wnt/3-catenin
pathways. This leads to altered cellular adhesion, inflam-
mation, and the progressive replacement of cardiomyo-
cytes with fibrofatty deposits. The combination of these
pathological changes results in arrhythmias and an in-
creased risk of heart failure. Despite extensive research,
ACM remains a difficult disease to treat, as there are
no curative therapies - only symptomatic management
through antiarrhythmic drugs, implantable cardioverter-
defibrillators (ICDs), and, in severe cases, heart trans-
plantation [4, 5].

One of the critical challenges in ACM research is the
lack of physiologically relevant models that faithfully
replicate the disease phenotype observed in humans.
Currently, there is no human model of ACM and a great
shortage of data about it. Traditional approaches, such
as genetically modified mouse models, have provided
valuable insights into ACM pathogenesis. However, these
models often fail to fully reproduce the electrophysiologi-
cal and structural characteristics of human ACM due to
fundamental differences between murine and human
myocardial physiology [6-8].

The use of human induced pluripotent stem cells to
generate cardiomyocytes offers a promising alternative,
enabling the study of ACM in a patient-specific genetic
background. However, many existing iPSC-derived mod-
els rely on cardiomyocytes obtained from ACM patients,
which exhibit variable phenotypic expression and are
difficult to manipulate experimentally [2, 5-8]. Gene
editing using CRISPR-Cas9 allows precise introduction
of disease-associated mutations, providing a controlled
system for studying the molecular mechanisms of ACM
and screening potential therapeutic interventions.

CRISPR-Cas9 has already been successfully applied in
ACM research by several groups. For instance, Ma et al.
(2018) developed an iPSC-based ACM model by introduc-
ing a PKP2 mutation, demonstrating altered desmosomal
integrity and increased sensitivity to adrenergic stress.
Another study by Bliley et al. (2021) used CRISPR-Cas9
to introduce a DSP mutation, revealing disruptions in
mechanical signaling pathways and altered cardiomyo-

cyte metabolism. Furthermore, recent advancements in
homology-directed repair (HDR) have shown potential
for correcting pathogenic ACM mutations, paving the way
for future gene therapy strategies [8-10].

Despite these achievements, existing ACM models still
face limitations. Some studies have reported inefficient
differentiation of iPSC-derived cardiomyocytes into fully
mature cardiac cells, leading to discrepancies in electro-
physiological properties compared to adult heart tissue
[9-11]. Additionally, while CRISPR-Cas9 is a powerful
tool, optimizing HDR efficiency remains a challenge, re-
quiring further refinement of repair templates and deliv-
ery strategies [12].

By leveraging cutting-edge gene editing techniques,
this research aims to contribute to the development of
more effective treatments for ACM and improve our un-
derstanding of its underlying mechanisms.

Building upon these advancements, CRISPR-Cas9
gene editing, originally derived from a bacterial adaptive
immune system, has emerged as a precise and program-
mable tool for generating targeted double-strand breaks
(DSBs) in DNA. Guided by a synthetic single-guide RNA
(sgRNA), the Cas9 nuclease induces site-specific cleav-
age at the desired genomic locus. When a donor DNA
template containing homology arms is co-delivered, the
cell’s endogenous homology-directed repair (HDR) path-
way can facilitate precise correction or insertion at the
break site. This approach allows for the generation of iso-
genic disease and control cell lines and supports thera-
peutic gene correction strategies. Therefore, the aim of
this study was to establish a human iPSC-based cellular
model of arrhythmogenic cardiomyopathy (ACM) by in-
troducing the pathogenic PKP2 (c.2011delC) mutation
using CRISPR-Cas9 and subsequently applying HDR to
restore the wild-type sequence, enabling comprehensive
phenotypic and therapeutic analysis [8,9].

Aim. To establish a cellular model of arrhythmogenic
cardiomyopathy by CRISPR-Cas9-mediated introduction
of the PKP2 c.2011delC variant into induced pluripotent
stem cell and subsequent allele-specific correction using
homology-directed repair (HDR).

Materials and Methods. The entire study was con-
ducted in three stages using cell lines generated from
real human biological material obtained from ACM pa-
tients carrying the PKP2 mutation (n=15) and age- and
sex-matched healthy donors (n=15). Stage 1 included
material collection, isolation of mesenchymal stem cells,
and reprogramming into iPSCs. Stage 2 involved CRISPR-
Cas9-mediated correction of the PKP2 ¢.2011delC mu-
tation, with rigorous validation of on-target editing, off-
target safety, and genomic stability. Stage 3 comprised
comparative functional analyses of cardiomyocytes
across three groups (Healthy Control, ACM Mutant, and
CRISPR-Corrected), focusing on desmosomal integrity,
electrophysiology, calcium handling, and fibrotic/lipid
remodeling. All experiments were performed in accord-
ance with ethical standards, institutional approvals, and
EU biomedical regulation (Figure 1).
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Figure 1. Three-stage workflow of PKP2 mutation correction and functional analysis in ACM

Stage 1. Material Collection and Cell Generation

Biological material, including samples from patients
diagnosed with arrhythmogenic cardiomyopathy (ACM)
carrying PKP2 mutations and from age- and sex-matched
healthy donors, was provided by the Ukrainian Asso-
ciation of Biobanks in Austria in cooperation with the
V. T. Zaitsev Institute of General and Emergency Surgery
of the National Academy of Medical Sciences of Ukraine
(Kharkiv). The study included a total of 30 biological
samples, divided into the following groups:

e  ACM_PKP2 mutations Patient Group: 15 samples
from patients clinically diagnosed with ACM.

. Healthy Control Group: 15 samples from age-
and sex-matched healthy donors.

A total of 30 donors were included: 15 ACM patients
(mean age 34.8 + 8.7 years, 10 males, 5 females) and
15 healthy controls (mean age 33.2 + 7.5 years, 8 males,
7 females). Exclusion criteria: autoimmune disease, can-
cer, or systemic infection. Comorbidities in ACM patients
included mild hypertension (n=3) and type 2 diabetes
(n=2).

Gene editing (non-viral RNP/plasmid nucleofection)
was performed at UA-Kharkiv-BIO (UABA - Biobank Re-
pository, Pushkinska str 44., Kharkiv 61041, Ukraine)
under contained-use authorization. Differentiation
and functional assays were performed at Graz (AT)

(UAB Austria - ZWT, Neue Stiftingtalstrafie 2, 8010 Graz)
and Varna (BG) (Biobank Cluster Balkan-Osteuropa -
Varna Lab, 11 Gen. Zimerman str, 9002 Varna) as non-
GMO operations.

All procedures were performed at the BSL/GTG class-
es specified per site in the institutional dossier (AT/BG:
BSL-1/S1; UA: BSL-1/2; S1/S2 for listed activities).

Isolation of Mesenchymal Stem Cells (MSCs)

Peripheral blood mononuclear cells were isolated by
Ficoll-Paque density gradient centrifugation. MSCs were
enriched by plastic adherence and expanded in DMEM
(Gibco) supplemented with 10 % FBS (Sigma-Aldrich).
Cells were validated against ISCT criteria: positive for
CD73, CD90, CD105; negative for CD34, CD45, CD14,
CD19, and HLA-DR (flow cytometry, BD FACSCanto II).

Reprogramming of Mesenchymal Stem Cells (MSCs)

MSCs were isolated from the peripheral blood of
patients diagnosed with ACM and healthy donors and
cultured in Dulbecco’s Modified Eagle Medium (DMEM;
Gibco, USA) supplemented with 10 % fetal bovine se-
rum (FBS; Sigma-Aldrich, Germany). Cells at passages
3-5 were reprogrammed using non-integrating meth-
ods (episomal plasmids and/or mRNA) delivering OCT4,
S0X2, KLF4, and c-MYC. Colonies were selected on
Matrigel and expanded in mTeSR1. After 21 days, colonies
resembling iPSCs were identified on Matrigel (Corning,
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USA), manually selected, and passaged. Colonies were
cultured on Matrigel in mTeSR1 medium (StemCell Tech-
nologies). After 21-25 days, iPSC colonies were manually
selected (manually picked) [13].

MSCs at passages 3-5 were reprogrammed to in-
duced pluripotent stem cells (iPSCs) using non-inte-
grating methods (episomal plasmids and/or mRNA)
delivering OCT4, SOX2, KLF4, and c-MYC. Colonies
were selected on Matrigel and expanded in mTeSR1.
Colonies were expanded on Matrigel (Corning, USA) in
mTeSR1 medium (StemCell Technologies, Canada) and
manually selected after 21-25 days. Pluripotency was
confirmed by immunocytochemistry using antibodies
OCT4 (CST #2750, 1:200), NANOG (Abcam ab109250,
1:300), and TRA-1-60 (Millipore MAB4360, 1:200),
visualized on a Leica DMi8 fluorescence microscope
(Leica Microsystems, Germany). RT-qPCR was per-
formed on a QuantStudio 6 Flex system (Applied Bio-
systems, Thermo Fisher, USA) using the RNeasy Mini
Kit (Qiagen, Germany) for RNA extraction, SuperScript
IV Reverse Transcriptase Kit (Thermo Fisher, USA) for
cDNA synthesis, and SYBR Green Master Mix (Applied
Biosystems, USA) for qPCR. Directed differentiation
into ectoderm (PAX6), mesoderm (Brachyury), and en-
doderm (SOX17) confirmed pluripotency [14-16].

Stage 2. CRISPR-Cas9 Editing and Validation

Gene editing of iPSCs derived from ACM patients was
performed to correct the c.2011delC mutation in the
PKP2 gene. To introduce the c.2011delC PKP2 variant
into a healthy iPSC line and to repair this mutation in ar-
rhythmogenic cardiomyopathy (ACM) patient-derived
iPSCs, we used CRISPR-Cas9 editing [17]. We targeted
PKP2 exon 10 to restore the c.2011delC frameshift (hg38:
NC_000012.12:2.32821491del; p.Lys672Argfs*12).
sgRNAs (SpCas9, PAM NGG) were designed in CRISPOR
around exon 10; the double-strand break occurs 3 nt up-
stream of the PAM. For homology-directed repair (HDR),
a 120-nt ssODN donor re-inserted the deleted C and in-
troduced a silent PAM-blocking substitution to prevent
re-cutting. The single guide RNA (sgRNA) was designed
using Benchling (Benchling, USA) to target exon 10 of
PKP2. A homology-directed repair (HDR) donor template
contained 800 bp homology arms and silent PAM substi-
tutions to prevent Cas9 re-cleavage. The CRISPR-Cas9 ri-
bonucleoprotein complex (Integrated DNA Technologies,
USA) and HDR donor template were delivered into iPSCs
using the Lonza 4D Nucleofector (Lonza, Switzerland).

Cas9/sgRNA was delivered as RNP and donor ssODN/
plasmid by Lonza 4D Nucleofector (non-viral); no viral
vectors were used.

Single-cell clones (n=48) were isolated and expanded
under feeder-free conditions. Sanger sequencing was
performed on an ABI 3730xl DNA Analyzer (Applied
Biosystems, USA), identifying seventeen clones with the
PKP2 mutation and twelve corrected clones, of which
nine (75 %) showed complete restoration of the wild-
type sequence without additional changes. Chromato-
grams were analyzed in SnapGene (GSL Biotech, USA).

To exclude large-scale genomic rearrangements, long-
range PCR covering ~2 kb around the editing locus was
conducted using Q5 High-Fidelity DNA Polymerase (New
England Biolabs, USA). No large insertions or deletions
were detected. Karyotyping was performed by G-band-
ing (20 metaphases/clone) using MetaSystems Ikaros
software (MetaSystems, Germany), confirming a normal
diploid karyotype (46,XX or 46,XY). Off-target prediction
was performed with CRISPOR (MIT, USA), and sequenc-
ing of five candidate sites revealed no off-target events.

Pluripotency of corrected clones was re-validated
post-editing by immunocytochemistry (OCT4, NANOG,
TRA-1-60) and RT-qPCR using the same protocols as
Stage 1. All nine selected corrected clones demonstrat-
ed preserved pluripotency, differentiation capacity, and
genomic stability. These clones formed the CRISPR-Cor-
rected group (n=15).

Stage 3. Comparative Analysis of Three Groups

We analysed three groups of iPSC-derived cardiomyo-
cytes (iPSC-CMs): Healthy Control, ACM-Mutant (PKP2
c.2011delC) and CRISPR-Corrected (isogenic).

Independent  lines, N(lines): Healthy = 5,
ACM-Mutant = 5, CRISPR-Corrected = 6.

Edited clone accounting: gene editing yielded 12 ed-
ited clones, 9 of which met full correction criteria (se-
quence-confirmed, off-target in silico cleared, normal
karyotype, mycoplasma-free). From these, 6 isogenic
corrected lines passed all QC gates and were included in
Stage 3 functional assays.

Differentiations: at least n(differentiations) = 3 per
line for each assay; exact counts per panel are reported
in figure legends and Source Data.

Cells recorded per assay: Patch-clamp: n(cells)=30/
group (1-/2 cells per differentiation). Calcium imaging:
n(cells)=15/group (5 cells x 3 differentiations, balanced
across lines). Where image-based histology was used (li-
pid/fibrosis), multiple fields per sample were acquired,
but the statistical unit is the differentiation (field-level
values averaged within each differentiation to avoid
pseudoreplication).

Throughout the manuscript and figure legends, we report sample
sizes in the unified format: N(lines)=...; n(differentiations)=...; n(cells)=....

Isogenic correction was performed on mutant lines
and screened by Sanger/long-range PCR, STR match-
ing, karyotype, and mycoplasma testing. N (isogenic ed-
ited)=12; N(fully corrected)=9; N(corrected lines taken
into functional tests)=6. Exact IDs and their allocation to
assays are listed in the Source Data and the Supplemen-
tary Sample Accounting table.

PKP2 protein assessment (IF and Western) - unit of
analysis. iPSC-CMs were fixed (4 % PFA, 15 min), per-
meabilised (0.1 % Triton X-100), blocked (1 % BSA), and
stained with anti-PKP2 (Abcam ab16497, 1:200) and
Alexa Fluor 488 secondary. Images (Leica SP8, 63x oil)
were acquired under identical laser/gain across groups.
Quantification: mean per-cell intensity was computed
in Image]; for statistics, cell-level values were averaged
within each differentiation, yielding one value per differ-
entiation (unit of analysis), then per line if applicable.
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For Western blot, total protein (RIPA + protease in-
hibitors) was quantified (BCA), equal loads (20 pg) re-
solved on 10 % SDS-PAGE, and probed with anti-PKP2
(1:1000) and anti-GAPDH (1:3000). Chemiluminescence
was captured and densitometry performed in Image Lab
(Bio-Rad). Statistics used line-level or differentiation-lev-
el means as specified in the figure legends.

Desmosomal integrity (IF; PKP2, DSP, Cx43).

Cells were processed as above and stained for PKP2,
desmoplakin (DSP) and connexin-43 (Cx43). Junctional
enrichment was quantified as the ratio of mean fluores-
cence at intercalated discs to the whole-cell perimeter
signal. Two blinded assessors scored desmosomal con-
tinuity (0-3). Sampling: =3 differentiations/line; 210
cells/differentiation acquired; statistics on differentia-
tion-level means (one mean per differentiation).

Electrophysiology (patch-clamp, current-clamp)

APs were recorded at 35 = 1 °C in Tyrode using boro-
silicate pipettes (3-5 MQ) and an Axopatch 200B. Whole-
cell configuration was established; spontaneous activity
was recorded 260 s. APD90 was measured from the max-
imal upstroke to 90 % repolarisation. Arrhythmic events
(EAD/DAD/ectopy) were defined a priori and scored by
two independent reviewers.

Sampling: n(cells)=30/group, drawn across
N(lines) and n(differentiations) as above (1-2 cells/
differentiation).

Acquisition parameters: sampling =10 kHz; Bessel
low-pass 2-5 kHz; liquid-junction potential (LJP) cor-
rection applied; series-resistance compensation per SOP.
Unit of analysis: for continuous AP metrics (e.g., APD90),
mixed-effects models (see Statistics); for incidence
(EAD/DAD), mixed-effects logistic regression.

Calcium handling (epifluorescence)

Cells were loaded with Fluo-4 AM (5 uM, Pluronic
F-1270.02 %, 30 min at 37 °C) and de-esterified (20 min).
Spontaneous Ca?* transients were recorded at 20 Hz, 30 s
(600 frames) at 35 = 1 °C. QC thresholds were pre-speci-
fied: SNR = 5, photobleaching < 15 %/30 s, baseline drift
<5%/30 s, no pauses > 2 s. AF/F, amplitude, half-width,
and frequency were computed in Clampfit/Origin.

Sampling: n(cells)=15/group (5 cells x 3 differentia-
tions/group in total across lines).

Unit of analysis: differentiation-level means (cell-lev-
el values averaged within each differentiation before sta-
tistics) or mixed-effects at the cell level with differentia-
tion/line as random effects, as specified in figure legends.

Lipid accumulation and fibrosis markers (image-based)

0il Red O (0.3 %, 15 min; 60 % isopropanol pre-in-
cubation) and Picrosirius Red (0.1 % in saturated picric
acid, 60 min) were used. Threshold-based segmentation
in Image] yielded %-positive area.

Sampling: =3 differentiations/condition; =3 random
fields/differentiation.

Unit of analysis: differentiation (mean of fields per
differentiation — one value per differentiation). This
avoids pseudoreplication from field-level repeats.

Ethical Approval

This research is conducted under UAB-ETH-2025-001,
v1.0 / 12 Sep 2025 (Ukrainian Association of Biobanks -
Austria, Graz) with continuing review. Earlier approvals
(1123-AU/2023, 2003/2020) remain archived as prior it-
erations. Work at AT (Graz) and BG (Varna) is confined to
non-GMO laboratory operations; CRISPR gene editing (non-
viral nucleofection) was performed at UA-Kharkiv-BIO un-
der contained-use authorization. Informed consent was ob-
tained from all donors. All work complied with the Declara-
tion of Helsinki and EU biomedical regulations.

Statistical Analysis

All statistical analyses were performed using Graph-
Pad Prism 9.0 (GraphPad Software, USA). Continuous
outcomes (APD90, AF /F,, frequency, half-width, IF/West-
ern) were tested primarily with mixed-effects (REML)
models: Group as a fixed effect, random intercepts for
Line and Differentiation (Line) to account for nesting. If
mixed-effects were not estimable, we analysed line- or
differentiation-level means by one-way ANOVA (Welch
when appropriate) with Dunnett (vs Healthy) or Tukey
post hoc; when normality or variance homogeneity (Sha-
piro-Wilk, Levene) was violated, we used Kruskal-Wallis
with Dunn'’s correction. Incidence outcomes (EAD/DAD)
were evaluated by mixed-effects logistic regression with
random intercepts for Line and Differentiation (Line), or
by GLMs on differentiation-level proportions when only
aggregated counts were available. P-values were adjusted
for the planned pairwise comparisons within each end-
point; a=0.05. Figure legends report the unit of analysis
and sample sizes as N(lines), n(differentiations), n(cells);
effect sizes and 95 % Cls are provided where applicable.

Results and Analysis. From an enrolled cohort of 30
donors (15 ACM patients carrying PKP2 c.2011delC and
15 healthy controls), MSCs were isolated and expanded
under uniform SOPs. A subset meeting pre-defined QC
criteria was successfully reprogrammed into iPSCs. All
iPSC lines that progressed to downstream work dis-
played stable morphology and pluripotency. Validation
comprised immunocytochemistry for 0CT4, NANOG, and
TRA-1-60 and RT-qPCR of pluripotency genes. In addi-
tion, we performed an embryoid body (EB) assay with
Matrigel spheroid formation as an orthogonal indicator
of pluripotency (see Methods: Embryoid body assay and
Matrigel spheroids; Figure 2E). These results confirmed
that both ACM- and healthy donor-derived iPSCs are suit-
able for subsequent gene editing and functional analyses.

RT-gPCR (2”(-AACt) method Livak-Schmittgen, nor-
malised to GAPDH; MSCs as calibrator) demonstrated ro-
bust up-regulation of pluripotency transcripts in iPSCs,
pooled across all lines: OCT4 9.2x, SOX2 8.4x, NANOG
10.0%, REX1 6.8x, KLF4 7.5x (mean * SEM computed at
the differentiation level; N(lines) Healthy = 5, ACM = 5;
n(differentiations) = 3/line). Exact means, SEM, and ad-
justed p-values are reported in the Source Data.

Note: each bar in Figure 2D represents the aggregate
iPSC signal across Healthy + ACM lines; Figure 2D does
not depict between-group comparisons.
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Figure 2. Generation and validation of iPSCs from ACM patients and healthy donors

Note: (A) Workflow: MSC isolation — iPSC reprogramming — pluripotency validation (ICC, RT-qPCR) — orthogonal EB/
Matrigel assay. (B) Representative iPSC colonies (phase contrast). (C) Immunofluorescence for 0CT4, NANOG, TRA-1-60;
nuclei counterstained (scale bars indicated). Images acquired under identical settings within each marker. (D) RT-
qPCR of pluripotency genes 2*(-AACt) vs MSCs, normalised to GAPDH). Bars show mean + SEM at the differentiation
level (values averaged per differentiation within each line), pooled across all iPSC lines. N(lines): Healthy = 5, ACM = 5;
n(differentiations) = 3/line. Exact means, SEM, and adjusted p are provided in the Source Data. (E) Embryoid bodies and
Matrigel spheroids (orthogonal pluripotency assay). Left - EBs in low-attachment culture (day 3); Right - EB outgrowth/
spheroid in Matrigel (day 7). Representative images from > 3 independent differentiations per line; N(lines) Healthy = 5,
ACM =5. Scale bars: 500 pum (EBs) and 200 pm (Matrigel spheroid).

To maintain consistency with Stage 3, the set of lines
used for the quantitative validation in Figure 2 corre-
sponds to the lines entering functional experiments:
N(lines) = 5 (Healthy) and 5 (ACM-Mutant). For each line,
we performed n(differentiations) = 3; imaging panels
show representative fields, and quantitative readouts are
computed at the differentiation level as specified in the
legend and Source Data.

Correction of the pathogenic PKP2 c.2011delC muta-
tion in ACM patient-derived iPSCs was achieved using
CRISPR-Cas9 gene editing. Nucleofection with Cas9/sgR-
NA ribonucleoprotein complexes and a homology-direct-
ed repair donor template produced 48 single-cell-de-
rived clones. Among these, 17 clones retained the PKP2
mutation, 12 showed partial or complete correction, and
9 of the latter (75 %) demonstrated precise restoration
of the wild-type sequence without additional nucleotide
substitutions. Sanger sequencing confirmed accurate ed-
iting at the target locus, with chromatograms showing
complete resolution of the deletion signal and alignment
to the wild-type PKP2 sequence.

From the edited pool, 12 single-cell clones were obtained;
9 harboured fully corrected alleles. Six isogenic corrected lines
met all QC criteria - on-target repair by Sanger/TIDE, a single
~2-kb LR-PCR product without size shift, normal karyotype
(46,XX/46,XY), and no off-targets above LoD - and were ad-
vanced to Stage 3 functional assays (Figure 3A-D).

CRISPR-corrected iPSCs maintained typical colony mor-
phology and high expression of pluripotency markers by

ICC: OCT4 92 + 3 %, NANOG 89 * 4 %, TRA-1-60 94 + 2 %
positive cells (mean + SEM at the differentiation level;
N(lines)=6; n(differentiations) = 3/line; 2100 nuclei scored
per differentiation) (Fig. 3E). RT-qPCR further showed ro-
bust pluripotency transcription in corrected lines, compara-
ble to non-edited iPSCs (Methods/Source Data).

Collectively, these data establish a stable set of CRIS-
PR-corrected iPSC lines (N(lines)=6) suitable for down-
stream differentiation into cardiomyocytes and compar-
ative functional analysis.

ACM-mutant cardiomyocytes exhibited a strong re-
duction of PKP2 protein (34.2 % + SEM vs control) and
disrupted junctional localisation of PKP2, DSP and Cx43
(desmosomal integrity score 0.83 + 0.27 on a 0-3 scale).
CRISPR correction restored PKP2 to 92.1 % of con-
trol and markedly improved desmosomal organisation
(2.68 = 0.19), approaching Healthy (2.91 + 0.17). Rep-
resentative images and quantification are provided in
Figure 3; Figure 4A shows representative action poten-
tials and phase-0 upstroke for the electrophysiological
context.

Whole-cell recordings revealed electrical abnormal-
ities in ACM-mutant iPSC-CMs: APD90 = 275 + 18 ms vs
224 * 15 ms in Healthy (p < 0.001). Arrhythmic events
(pre-specified criteria for EAD/DAD/ectopy; Methods)
occurred in 78 % of ACM-mutant cells compared with
5 % in Healthy; CRISPR-corrected cells approached
normal (APD90 = 225 + 13 ms, incidence 12 %). See
Figure 4B-C.
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Figure 3. Validation of CRISPR-Cas9-mediated correction in ACM patient-derived iPSCs

Note: (A) Sanger sequencing at the PKP2 locus and schematic of the CRISPR target (guide identifiers shown; sequences
available to the editor under controlled access). (B) Long-range PCR spanning ~2 kb around the edited region shows
no size shifts; band intensity normalised to 1.0 relative to the mutant template. (C) Conventional G-banding (=20
metaphases/clone) demonstrates a normal diploid karyotype (46,XX / 46,XY) in all corrected lines (N(lines)=6). (D)
Off-target analysis at top-5 CRISPOR-predicted sites by Sanger/TIDE and amplicon sequencing: no variants above
detection limits (TIDE =1-2 %; amplicon-seq <0.5-1 %). (E) Pluripotency retention after editing. ICC quantification
of OCT4, NANOG, TRA-1-60: mean + SEM at the differentiation level; N(lines)=6; n(differentiations) = 3/line; 2100

nuclei counted per differentiation.

Sample-size reporting for this figure follows the study hierarchy and is detailed in Table/Figure SO: N(lines);

n(differentiations); n(cells).

Measurements were obtained from 5 cells x 3 differ-
entiations per group (n(cells)=15/group), and statistics
were applied to differentiation-level means as specified
in the Methods.

AF/F, amplitude (normalised; Healthy set to 1.000):
Healthy 1.000 + 0.039, ACM-mutant 0.704 + 0.034, CRIS-
PR-corrected 1.161 * 0.023. One-way ANOVA on differ-
entiation means: F (2,6)=49.91, p=1.8x10"* 1n?=0.94.
Bonferroni-adjusted pairwise tests (Welch where ap-
propriate): ACM < Healthy, padj~0.015; CRISPR > ACM,
padjx=0.002; CRISPR vs Healthy, padj~0.098 (ns).

Frequency (Hz): Healthy 1.009 * 0.024, ACM-mutant
0.964 + 0.120, CRISPR-corrected 1.401 + 0.069. ANOVA:
F (2,6)=8.74, p=0.0167, 1?=0.74. Pairwise: Healthy vs
CRISPR p=0.020 — padj=0.060 (trend); Healthy vs ACM
ns; ACM vs CRISPR p=0.047 — padj~0.142 (ns). Panel lay-
outs and replication are shown in Figure 5A-B.

Histology confirmed pathological remodelling in
ACM-mutant cardiomyocytes. Oil Red 0: 19.3 + 2.4 %
(ACM) vs 11.3 + 1.9 % (Healthy). Picrosirius Red:
15.6 £ 1.8 % vs 4.0 = 0.7 % (p < 0.001). CRISPR-cor-
rected cells showed rescue (lipid 8.2 + 1.2 %, collagen
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Figure 4. Electrophysiological abnormalities in ACM-mutant and CRISPR-corrected iPSC-CMs

Note: (A) Left: Representative unnormalized action potentials (3-5 beats per group). Right: Phase-0 upstroke (dV/dt)
derived from the same traces. (B) APD90 (ms). Bars show mean + SEM with overlaid cell-level values (n(cells)=30/group,
drawn from =3 independent differentiations per group; exact N(lines) and n(differentiations) are reported in Figure/
Table S0). Group comparisons follow the Methods (mixed-effects with random intercepts for Line and Differentiation
(Line), or one-way ANOVA on differentiation means, with multiplicity-adjusted pairwise tests). (C) Incidence of
arrhythmic events (%). Events were defined a priori: EADs 25 mV during phase 2/3 in 22 of 3 beats; DADs 23 mV with
triggered activity or reproducibility in 22 of 3 beats; ectopy = triggered beats with coupling-interval variability >10%.
Incidence: Healthy 5 %, ACM-Mutant 78 %, CRISPR-Corrected 12 % (n(cells)=30/group). Statistical analysis used mixed-
effects logistic regression (random intercepts for Line and Differentiation (Line)); exact model outputs are provided in

the Source Data.

4.8 + 0.6 %), indistinguishable from Healthy (see Figure
6A-B).

Collectively, the PKP2 c.2011delC mutation drives a
broad disease phenotype - reduced PKP2/desmosomal
integrity, prolonged repolarisation with high arrhyth-
mic burden, abnormal Ca?* homeostasis, and fibrofatty
remodelling. CRISPR-Cas9 correction not only restored
PKP2 but also rescued functional and structural defects
across assays (Figure 3-6), supporting its therapeutic po-
tential in arrhythmogenic cardiomyopathy.

Discussion. In this study, we successfully developed
an arrhythmogenic cardiomyopathy (ACM) cellular mod-
el by introducing the PKP2 (c.2011delC) mutation and
demonstrated that CRISPR-Cas9 gene correction effec-
tively restores normal cardiomyocyte function. Our find-
ings reinforce the critical role of PKP2 mutations in ACM
pathogenesis and highlight the therapeutic potential of
gene editing in correcting desmosomal dysfunctions.

Previous studies support the feasibility of CRISPR-
based ACM models. Amin et al. (2023) reported that
CRISPR/Cas9-mediated PKP2 mutations in iPSC-derived
cardiomyocytes recapitulated ACM phenotypes, while
Janz et al. (2021) generated PKP2 and DSG2 knockout

lines to reproduce ACM-specific abnormalities. Simi-
larly, Loiben et al. (2022) developed DSP-mutant iPSC
lines that recapitulated desmosomal dysfunction. These
results align with ours, confirming that PKP2-deficient
cardiomyocytes exhibit disrupted desmosomal integrity,
altered electrophysiology, and enhanced susceptibility to
remodeling [18]. Similarly, Janz et al. (2021) generated
iPSC lines with PKP2 and DSG2 knockouts using CRISPR-
Cas9, allowing the reproduction of ACM-specific pheno-
types in differentiated cardiomyocytes. These findings
align with our results, demonstrating that PKP2-deficient
cardiomyocytes exhibit structural and electrophysiologi-
cal abnormalities characteristic of ACM [19,20].

Our study confirms previous observations that PKP2
mutations lead to reduced protein expression, disrupted
desmosomal integrity, and increased susceptibility to
fibrotic and adipogenic remodeling. Furthermore, our
electrophysiological analyses revealed prolonged APD90
and increased spontaneous calcium oscillations in ACM-
mutant cardiomyocytes, findings that are consistent
with prior reports describing altered action potential
repolarization and calcium homeostasis in ACM mod-
els [21]. The correction of PKP2 expression via CRISPR-
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Figure 5. Calcium handling in iPSC-derived cardiomyocytes
Note: Bars show mean + SEM at the differentiation level (dots = 3 differentiations/group; 5 cells x 3 differentiations/group,

n(cells)=15/group). Numbers above bars indicate group means.
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Figure 6. Fibrofatty remodelling in iPSC-derived cardiomyocytes
Note: Bars show mean *+ SEM at the biological-replicate (differentiation) level; quantification from five random fields per

replicate.

Cas9 resulted in the restoration of desmosomal function,
normalization of APD90, and reduction in arrhythmia
incidence, further validating the therapeutic potential of
gene editing.

Our study further extends prior observations by
providing quantitative evidence of fibrosis and lipid
accumulation, two hallmarks of ACM. PKP2-mutant
cardiomyocytes demonstrated a 71.3 % increase in
lipid droplet formation and a 3.9-fold increase in col-
lagen I & III expression compared to controls. Follow-
ing CRISPR correction, both lipid and fibrosis markers
were significantly reduced, demonstrating that precise
gene editing not only restores PKP2 expression but
also prevents maladaptive tissue remodeling [22,23].
Following CRISPR correction, we observed a signifi-
cant reduction in both lipid accumulation and fibrosis
markers, suggesting that gene editing not only restores

cellular integrity but also prevents the progression of
ACM-associated structural remodeling.

ACM prevalence varies slightly across populations,
but PKP2 mutations are broadly distributed worldwide.
Studies in Italian and Dutch cohorts (Amin A.S. et al,,
2023) confirmed a high prevalence of PKP2 mutations,
while similar mutation frequencies were reported in
Asian populations [18,23]. These cross-population data
reinforce that correction efficacy is unlikely to depend on
ethnicity, supporting the global applicability of CRISPR-
based interventions.

Although peripheral blood contains MSCs at very low
frequency, it represents a minimally invasive and clinical-
ly practical source, well-suited for routine sampling and
biobanking. Similar strategies have been employed in
regenerative medicine studies where peripheral blood-
derived MSCs were expanded for cartilage repair and
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hematopoietic support (Yanlin Zhu et al,, 2022). In our
study, expansion of MSCs to sufficient levels was feasible,
demonstrating that this approach, while resource-inten-
sive, is realistic for translational research [24].

While in vitro iPSC-derived cardiomyocytes can re-
capitulate early aspects of fibrotic remodeling, they lack
the multicellular complexity of native myocardium. Com-
parable limitations were noted in liver fibrosis models,
where iPSC-derived hepatocytes captured early fibrotic
changes but required co-culture with stellate cells to re-
produce full remodeling (Keyang Zhu et al., 2023). Future
cardiac models may benefit from similar co-culture or
engineered constructs integrating cardiomyocytes, fibro-
blasts, and endothelial cells to more accurately model fi-
brotic progression [25,26].

Our experiments were conducted in 2D monolayer
systems, which reliably reproduce cell-level electrophys-
iological and structural defects but cannot fully mimic
3D tissue conduction properties. Advances in engineered
heart tissues (EHTs) and cardiac organoids have already
shown promise in long QT syndrome and dilated cardio-
myopathy (Hanna P. et al., 2025), where 3D constructs
better recapitulate conduction velocity and arrhythmic
susceptibility. Incorporating these technologies into ACM
research will provide a more physiologically relevant
platform [27,28].

Although our CRISPR-Cas9 approach demonstrated
high fidelity, concerns regarding potential off-target
effects remain. High-fidelity Cas9 variants and opti-
mized delivery systems, such as AAV-based vectors,
may increase safety and clinical translatability. Addi-
tionally, long-term functional and safety assessments
in vivo are essential before clinical implementation.
Examples from Duchenne muscular dystrophy stud-
ies (Pascual-Gilabert M. et al.,, 2023) highlight both
the promise and challenges of moving CRISPR-based
therapies into clinical pipelines [29].

While our findings strongly support the feasibility
of CRISPR-mediated PKP2 correction, there are some
limitations to consider. First, although our model ef-
fectively replicates key ACM features in vitro, the long-
term effects and clinical applicability of gene editing
in human cardiomyocytes require further validation.
Second, off-target effects of CRISPR-Cas9 remain a
concern, necessitating the development of high-fidel-
ity Cas9 variants and improved delivery strategies for
future translational applications.

Overall, our study provides compelling evidence that
CRISPR-Cas9-mediated gene correction reverses key
ACM pathological features, offering a promising strategy
for the development of gene therapy approaches target-
ing desmosomal cardiomyopathies. Further research is
needed to explore the long-term safety, efficiency, and

scalability of CRISPR-based therapies for ACM and re-
lated genetic disorders.

Conclusions. This study establishes a CRISPR-Cas9
iPSC-based ACM model, confirming the role of PKP2
mutations in disease progression and validating ge-
netic correction via HDR. These findings support CRIS-
PR-based gene therapy as a viable approach for ACM
treatment.

Future research should focus on in vivo validation in
animal models to assess the long-term effects of PKP2
correction, as well as the development of AAV-based
CRISPR delivery for direct cardiac gene therapy. Addi-
tionally, further investigation into the role of other des-
mosomal proteins in ACM will help refine multi-targeted
genetic treatments.

These findings establish a foundation for personal-
ized gene therapy in ACM, offering new possibilities for
precision medicine in inherited cardiac diseases.
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Po3pobka moaeni apurMoreHHoi Kapaiomionarii 3 BukopucraHHam CRISPR-Cas9 Ta romonoriuHo-
CnpsiIMOBaHoOI penapauii

lpamatiok C. M.%2 Ectpin C.1.37, IBaHoBa 0. B.3, Kpasuerko T.B.7, Xa66apa Eminié, CaprcaH Kapine?**

1 TOB «IHcTUTYT KNiTKOBOI BiopeabiniTauii», M. Xapkis, YkpaiHa
2 MeguuHuii yHiBepcuTeT Mpad, M. [pau, ABcTpis
3 XapKiBCbKMIM HALiOHANbHUII MEAMYHUI YHIBEPCUTET, M. XapKiB, YkpaiHa
4 EpeBaHCbKUIN fEPXKaBHUI MEAUYHUIA YHIBEpCUTET, M. EpeBaH, BipmeHis
> Onkonoriynuit uentp Cigapc-Cinaii, M. besepni-Tinns, CLLUA
6 YkpaiHcbka acouiauis 6iobaHkiB ABCTpii, M. [pau, ABCTpis

7 Y «lHCTUTYT 3aranbHoi Ta HeBiaknagHoi Xipyprii imeHi B. T. 3aliuesa
HauioHanbHOi akaaeMii MeanMuHnx Hayk YKpaiHu», M. XapkiB, YkpaiHa

Pe3ome

AputMorenHa KapgioMionaTtis (AKM, ACM) yacto 3yMoBJieHa BapianTamMu rerHa PKP2 i3 BTpaTow ¢yHKIii, 1m0
NPU3BOJUTb [0 JIeCMOCOMHOI HeJOCTAaTHOCTI, eJleKTpu4HOi HecTabijbHOCTI Ta $pi6po3HO-KHMPOBOI NepebOy OBH.
Texnouoriss CRISPR-Cas9 BiiKprBa€e MOXKJHUBOCTI CTBOPEHHS JIIOACHKUX in vitro MoJiesielt XBOpo6OH Ta OL[iHIOBaHHS
KOPHUTyBaJIbHUX MiJAXOAIB.

MeTta. CTBOpUTH KJITUHHY MOJeJsb apuTMoreHHoi kapzioMmionarili muigxom CRISPR-Cas9-onocepenkoBaHOro
BHeceHHs BapiaHTa PKP2 c.2011delC B iHAykoBaHi IJIIOpUNOTEHTHI CTOBOYPOBi KJITHHU 3 MOJAJBLIOI aJjiesb-
cnenndiyHOI0 KopekKIieto 3a fonoMorolo penaparii /[HK 3a romosorietro (HDR).

Marepia/sim Ta MeTogu. MU peasisyBa/su [Ba B3aEMO/ONOBHIOBAJIbHI €KCIIEpUMEHTHU B CHUCTEMax JIIOJCbKHUX
iHYKOBaHUX IJIIOPUIIOTEHTHUX CTOBOYypoBUX KiaiTUH (iPSC): (i) iHAyKLis XBOpPOOHU LUIJISIXOM BHECEHHS TAaTOM€HHOTO
BapianTa PKP2 c.2011delC (ex30H 10; p.Lys672Argfs*12) y konTpoJibHi iPSC; Ta (ii) TepaneBTU4YHA KOpEKIisl [IbOTO
camoro BapiaHTa B iPSC, oTpuMaHux BiJ nmauieHTa. KiioHanbHi pefaryBanHsa nigTBepaKyBanu MmetogoM CeHrepa/
TIDE (Tracking of Indels by Decomposition) i noBro¢parmentHorw IIJIP (~2 k6); kapioTunu 6y11 HOpMaJbHUMU
3a G-6eHjiHroM; nosamimeHeBux edpeKTiB He BUsIBJIeHO NoHaJA Mexi yyTauBocTi MeToAiB (TIDE x2 %, amniikoH-
cekBeHyBaHHA <1 %). Kapziomionuty, nudepenuiioBani 3 iPSC, aHanizyBanu Ha ekcnpecito/nokanizanito PKP2
(imyHodayopecueHuis, IF/BectepH-6Jsi0T), uinicHicTb gecMocoM, esnekTpodisiosorito MeToAOM HaTy-KJeMI
(TpuBajicTb noteHuiany Aii Ha 90 % penosapusauii, APD90; aputmiuHi nogii), kanbLieBuil romeoctas (Fluo-4;
OJUHUIIS aHai3y - iudepeHLianis; 5 kaiTuH x 3 fudepeHuianii/rpyny) Ta ¢pibpo3Ho-xkupoBy nepebynony (Oil Red O,
[Tlikpocipiyc Pep). Posamipu Bubipok nHaBoauu sk N(i1iHil), n(gudepenuianii) Ta n(kiaitunu). I3 nyny BiapesaroBaHux
NaliEHTCbKUX KJITUH OTpUMaHO 12 KJIOHIB; 9 OyJM MOBHICTIO CKOPWUrOBaHi, 6 i30T€eHHUX CKOPUIOBAHUX JIiHil
IPOCYHYTI /10 GYHKIIOHA/IbHOTO TeCTyBaHHSI.

Pe3ysibTaTH. [HAYyKOBaHI-MyTaHTHI Ta MNalLi€HTCbKI MyTaHTHI KapZiOMIiOLMTH BiATBOPUJM KJIOYOBI O3HaKHU
AKM: piBenb 6inka PKP2 craHoBuB ~34,2 % Bij KOHTpOJIIO; NOpylleHa 3'€AHyBaJbHa Jokasisauis PKP2/DSP/
Cx43 (pecmocomuuit 6an 0,83+0,27 npotu 2,91+0,17); APD90 nogosxkena o0 275+18 mc npotu 224+15 Mc; yactota
apuTMii - 78 % (310poBi - 5 %). KanbuieBa BisyaJsizanis nokasasa sHwxeHHs1 aMItiTyau AF /Fo 10 0,704+0,034 npoTtu
1,000+0,039 i rpynosi BiaMiHHOCTI 3a yacToToto (3m0poBi 1,009+0,024 'y, AKM 0,964+0,120 I'u, CRISPR-kopekIis
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1,401+0,069 I'y; ANOVA p=0,0167; ckopuroBaHi nmapHi MOpiBHSAHHSA: TeHAeHLis «310poBi vs CRISPR»). CRISPR-
kopekuis BigHoBUa PKP2 no 92,1 % Bia KOHTpOJI0, MOKpallKaa opradisaniim gecmocoM jo 2,68+0,19, ckopoTuia
APD90 s10 225+13 Mc, 3MeHImMIa apuTMii 70 12 %, BigHoBuaa ammaityay Ca®* mo 1,161+0,023 Ta HopMasisyBana
Bifksa/ieHHs KoJiareHy (4,8+0,6 %) i ninizgis (8,2+1,2 %).

BucHOBKMU. /[BoHANpsIMHe pe/ilaryBaHHsI TeHOMY — TaTOoreHHUH knock-in 17151 MosiesitoBaHHS Ta i30reHHa KOpeKIist
IJs1 BigHOBJIeHHs (rescue) — dopMye HaJilHY JIIOACbKY miaaTdopmy aas pociaimkeHHss AKM. Kopekniss PKP2
c.2011delC ycyBae mecMOCOMHI, eJIeKTpHUYHI, Ka/lIbI[iEBO-0O0MiHHI Ta (piOGPO3HO-)KUPOBiI MOPYIIeHHS, MATPUMYOYH
TPaHCAALIMHUNA PO3BUTOK MiJIX0/iB TEHOMHOTO peJlaryBaHHA /il apUTMOreHHOI KapAioMionaTii.

Kawwuoei caosa: CRISPR-Cas9; pedazysanHs eeHoMy; modensb kapdiomionamii; iPSC; mymayisa PKP2; penapayis,
cnpsimosaHa eomooeieto (HDR); yinichHicmb decmocoMm; Kopekyisi kapdiomionamii
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Structural-Functional Patterns of Lesions of the Main Arteries of the Head

in Patients with Headache

Abstract

Aim. To study the structural and functional features of the main arteries of the head (MAH) in patients with
migraine (M), tension-type headache (TTH), and cervicogenic headache (CH).

Materials and Methods. A total of 456 patients (18-44 years old; 203 men, 255 women) with various types
of headaches were studied, including M - 124 people, TTH - 186, and CH - 146 people. Using the duplex
scanning method, the structure of the MAH, systolic linear blood flow velocity (Vs), and resistance indices (RI)
in the common carotid (CCA), external carotid (ECA), internal carotid (ICA), and vertebral arteries (VA) in V2
segments were assessed.

Results. Extravasal compression of the vertebral arteries was significantly more prevalent in patients with CH
(43.1 %) and M (29.0 %), while hypoplasia of the vertebral arteries was found equally in these groups. In all
types of headaches, a decrease in velocity indicators and an increase in resistance index values in the VA were
noted. In patients with migraine with aura (MA), extravasal compression and hypoplasia of the vertebral arteries
predominated, and Vs indicators in this group were significantly reduced. Signs of extravasal compression
and the associated decrease in VA hemodynamics were observed in all variants of TTH. Furthermore, signs
of extravasal compression of the VA were detected in a significant proportion of patients with CH, especially
those with cervicocranialgia (CCrA) and Barré-Liéou syndrome (BLS). In BLS, signs of pathological tortuosity
and hypoplasia of the VA predominated. Velocity indices in extracranial segments of the VA were reduced in
patients with CCrA and BLS, and a significant increase in RI values was also observed in the BLS group (0.87 +
0.05; CG - 0.65 + 0.06; p < 0.05).

Conclusions. 1. Patients with M were characterized by the presence of extravasal compressions and a decrease
in Vs in the VA.

2. Hypoplasia of the VA was more common in the group of patients with MA than in M without aura.

3. Patients with TTH had a tendency towards reduced velocity indices in extracranial segments of the VA.

4. Patients with CH manifested extravasal compression of the vertebral arteries.

5. Tortuosity and hypoplasia of the VA, in combination with an increase in RI indices, were characteristic of
patients with BLS

Keywords: main arteries of the head, cerebral hemodynamics, Doppler sonoography, migraine, tension type
headache, Barré-Liéou syndrome.

Introduction. Headache is among the most frequently
reported symptoms associated with various pathological
conditions in contemporary settings. The modern classi-

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

fication of headache (ICHD-III, 2018) distinguishes pri-
mary headaches, which are intrinsic to the disease itself
(migraine, tension-type headache, cluster headaches),
from secondary headaches, in which the headache is a
symptom of a specific pathological process, for example,
cervicogenic headache [1]. Among primary headaches,
migraine (M) and tension-type headache (TTH) are cur-
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rently distinguished by prevalence, whereas among sec-
ondary headaches, cervicogenic headache (CH) is promi-
nent. At the present time, the use of ultrasound diagnostic
methods in the study of various headache types is highly
relevant [2].The features of cerebral hemodynamic dis-
orders in patients with migraine, with and without aura,
both during interictal periods and attacks, have been
studied extensively [3-6]. In patients with M, changes
in arterial vascular tone, reduced reserves of cerebral
blood flow autoregulation, and signs of venous dysgemia
have been documented [7-10]. In TTH, increased tone
in extracranial arteries, decreased tone in intracranial
vessels, reduced cerebral blood flow reserves, and signs
of venous dyscirculation are more commonly observed
[11-13]. In patients with CH, phenomena of reduced
perfusion in the vertebral and basilar arteries have been
reported [14], a finding that was confirmed in our stud-
ies [15]. Certain studies of migraine have also identified
structural changes in the vessels of the vertebrobasilar
basin (hypoplasia), which are considered contributing
factors in migraine pathogenesis [16].

However, existing studies have not examined how
structural changes in the main arteries of the head vary
according to headache type or compared these changes
with hemodynamic factors.

Aim. To investigate the structural abnormalities and
hemodynamic parameters of the main arteries of the
head in young patients with migraine, tension-type head-
ache, and cervicogenic headache.

Materials and Methods. A total of 456 patients (18-
44 years old; 201 men, 255 women) with various types
of headaches were studied, including: migraine - 124 pa-
tients (migraine without aura [MwoA] - 63 patients; mi-
graine with aura [MA] - 61 patients), tension-type head-
ache - 186 patients (infrequent episodic TTH [IETTH] - 68
patients; frequent episodic TTH [FETTH] - 64 patients;
chronic TTH [CTTH] - 54 patients), and cervicogenic
headache - 146 patients (cervicocranialgia [CCrA] - 82
patients; posterior cervical sympathetic Barré-Liéou syn-
drome [BLS] - 64 patients). The structure of the MAH was
studied in triplex mode using an Ultima-PA ultrasound
scanner (RADMIR, Ukraine). Peak systolic blood flow ve-
locity (Vs) and resistance indices (RI) were measured in
the common (CCA), external (ECA), internal carotid (ICA),
and vertebral arteries (VA, V2 segment). The main hemo-
dynamic indicators were compared across the different
clinical groups for each type of headache.

The control group (CG) consisted of 50 clinically
healthy volunteers of both sexes, matched for age. Sta-
tistical analysis was performed using the «Statistica 6.0»
software package. Differences compared with the CG
were considered statistically significant at p < 0.05.

Results and Discussion. Intima-media thickness
(IMT) was observed in a small proportion of patients
(M -12.9 %, TTH - 7.5 %, CH - 9.6 %), with similar pat-
terns noted for the prevalence of small atherosclerotic
plaques (AP) (M - 5.6 %, TTH - 2.7 %, CH - 6.0 %). Ex-
travasal compression of the vertebral arteries was signif-

icantly more prevalent in patients with CH (43.1 %) and
M (29.0 %), supporting the influence of vertebral artery
changes on the development of migraine attacks. In pa-
tients with M and CH, hypoplasia of the vertebral arteries
was observed at similar rates (M - 11.2 %, CH - 11.6 %),
further corroborating this observation. Hypoplasia of
the carotid arteries, as well as tortuosity of the carotid
and vertebral arteries, were observed in individual cases
(Table 1).

Table 1
Structure of MAH lesions in patients with headache
M TTH CH
N=124 N =186 N = 146
Intima-media
thi'ckness ! 16 (129 %) 14 (75%) 14 (9.6 %)
Hemodynamically
minor APs in the 7(5.6%) 5(27%)  9(6.0%)
carotid arteries
Extravasal
compression of the 36 (29.0 %) 16 (8.6 %) 63 (43.1%)

vertebral arteries
Pathological

tortuosity of the 4(32% 1(0.5%) 5(3.3 %)
carotid arteries

Pathological

tortuosity of the 1(0.8%) 1(0.5%) 9 (6.2 %)
vertebral arteries

Hypoplasia of the

carotid arteries 324%)  2(11%) 2 (14 %)
Hypoplasiaof the 44 19500 527%) 17(11.6 %)

vertebral arteries

Vs and RI values in the MAH are presented in Table 2.
In patients of all groups, the Vs and RI values in the CCA
and ICA did not differ significantly from the reference val-
ues. The hemodynamic values in the ECA in patients with
TTH and CH generally coincided with the normative val-
ues, the flow rate in patients with M was slightly reduced.
In all clinical groups, a decrease in the velocity values and
an increase in the resistance index values in the VA (M -
Vs -39.8+10 cm/s, Rl - 0.73 £ 0.06; TTH - Vs - 36.4
7.2 cm/s, RI - 0.74 £ 0.06; CH - Vs. - 38.1 £ 7.5 cm/s,
RI-0.74+0.07; CG-47.8£10.4,0.65 + 0.06). Changes in
hemodynamics in segments V2 may be due to extravasal
compression and hypoplasia of the VA.

Table 3 shows MAH structure and function data
for migraine patients. A reliable relationship between
migraine attacks and changes in the vertebral arteries has
been shown - mainly with extravasal, usually vertebral,
compression, as well as with hypoplasia in migraine with
aura.

In patients of both groups, the Vs and RI values in the
CCA and ICA did not differ from normative values, nor
did the RI values in the VA in the MwoA group. In the
MA group, VA velocity decreased and RI increased, with
25-30 % of patients exhibiting flow asymmetries in the
CA. Vs values in patients of the MwoA group were also
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Table 2
Vs (cm/s) and Rl indicators in MAH in patients with headache
CCA ICA ECA VA (V 2)

Vs RI Vs RI Vs RI Vs RI
M 77.6%9.4  0.72*0.05 68.7%8.3 0.64*0.06 63.5%9.1 0.76*0.04  39.8%#10.1 0.73+0.06
TTH 76.4*6.2  0.71+0.04 68.7%9.3 0.64+0.05 68.6+8.4 0.78%0.06 36.4%7.2 0.74%0.06
CH 76.8%+9.2 0.71%0.06 68.6%8.3 0.61%0.04 68.4%8.5 0.80%0.04 38.1+7.5 0.74%0.07
CG 75.6%12.2 0.73%0.05 67.4%14.5 0.6x0.06 69.3x176 0.81£0.07 47.8%10.4 0.65 £0.06
moderately reduced. These changes in velocity valuesare ~ Table 3
likely associated with a higher prevalence of tortuosity  Structure of MAH lesions in patients with migraine
and extravasal compression of the VA in patients with
migraine compared with the control group. Vs and RI MwoA N=63 MA N=61
values in the ECA were slightly reduced in both groups, Intima-media thickness 9 (14.3 %) 7 (11.5 %)
probably due to vessel expansion during the attack and Hemodynamically minor APs 579 %) 233 %

in the post-attack period (Table 4). in the carotid arteries
Data on the structural state of the MAH in patients
with TTH are presented in Table 5.

In patients with TTH, there were no significant chang-

Extravasal compression of

the vertebral arteries 15(23.8 %)

21 (344 %)

Pathological tortuosity of the

es in MAH. These changes were mainly detected in all carotid arteries 3 (4.8 %) 1(167%)
groups in isolated cases. It is noteworthy that there were Pathological tortuosity of the 1(1.6 %)
signs of extravasal compression of the CHA in all clini- vertebral arteries )
cal groups (IETTH group - 5.9 %, FETTH group - 7.8 %, Hypoplasia of the carotid 1(1.6 %) 2 (3.2 %)
CTTH group - 12.9 %). arteries

This pattern indicates an association between the oc- Hypoplasia of the vertebral 4 (6.3 %) 10 (16.3 %)

currence of TTH and vertebral pathology, as seen in mul- arteries

tiple clinical cases.

Vs and RI indicators in the MAH are presented in
Table 6. In patients across all groups, Vs and RI values in
the CCA and ICA were generally within normal ranges, with
only Vs in the ECA of patients in the CTTH group slightly

exceeding that of the control group. In all clinical groups, a
decrease in velocity values in the VA was observed (IETTH:
41.3 + 10.2 cm/s; FETTH: 33.4 + 8.1 cm/s; CTTH: 32.2 +
7.6 cm/s; CG: 47.8 + 10.4 cm/s). These changes in velocity

Table 4
Vs indicators (cm/s) and Rl in MAH in patients with migraine
CCA ICA ECA VA (V 2)
Vs RI Vs RI Vs RI Vs RI
MwoA 78.8¥14.7  0.70£0.07  68.3*13.2 0.7%0.07 62.8%11.5 0.75%0.06 40.1+12.6 0.69%0.06
MA 76.9¥11.3 0.71£0.04 70.7+11.2 0.6+0.05 64.8%13.2 0.76%0.05 36.4%9.5 0.78+0.05*
CG 75.6%12.2  0.73*0.05 67.4%14.5 0.6%0.06 69.3£17.6 0.81+0.07 47.8+10.4 0.65+0.06
Note:*p<0.05
Table 5
Structure of MAH lesions in patients with TTH
IETTH FETTH CTTH
N=6 8 N = 64 N =54
Intima-media thickness 4 (5.9 %) 4 (6.25 %) 6 (11.1 %)
Hemodynamically minor APs in the carotid arteries 3 (4.4 %) 1(1.6 %) 1(1.9%)
Extravasal compression of the vertebral arteries 4 (5.9 %) 5 (7.8 %) 7 (12.9 %)
Pathological tortuosity of the carotid arteries - - 1(1.9 %)
Pathological tortuosity of the vertebral arteries - - 1(1.9 %)
Carotid artery hypoplasia - 1(1.6 %) 1(1.9 %)
Hypoplasia of the vertebral arteries 2 (2.9 %) 1(1.6 %) 2 (3.7 %)
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Table 6
Indicators Vs (cm/s) and Rl in MAH in patients with TTH
CCA ICA ECA VA (V2)
Vs RI Vs Vs RI Vs RI
IETTH 74.3+10.2  0.72*¥0.04  70.1¥9.4  0.67%0.05 66.3+8.9 0.8+0.05 41.3+10.2 0.77+0.08
FETTH 77.2¥#84  0.70*0.03  65.8+10.7  0.58%0.04 67.5%9.1 0.77%0.04 33.4%8.1 0.75+0.04
CTTH 79.7+10.4  0.69+0.06 72.3%7.7  0.72%0.04 70.5%9.3 0.78+0.05 32.2%7.6 0.71%0.06
CG 75.6%12.2  0.73*0.05  67.4*14.5 0.6%0.06 69.3%7.6 0.81+0.07 47.8+10.4 0.65%0.06
Table 7
Structure of MAH lesions in patients with CH
CCrA BLS
N=82 N=64
Intima-media thickness 8 (9.7 %) 6 (9.4 %)
Hemodynamically minor APs in the carotid arteries 6 (7.3 %) 3 (4.7 %)
Extravasal compression of the vertebral arteries 37 (45.1 %) 26 (40.6 %)
Pathological tortuosity of the carotid arteries 2 (24 %) 3 (4.7 %)
Pathological tortuosity of the vertebral arteries 4 (4.8 %) 5 (7.8 %)
Hypoplasia of the carotid arteries 2 (2.4 %) -
Hypoplasia of the vertebral arteries 7 (8.5 %) 10 (15.6 %)
Table 8
Indicators Vs (cm/s) and Rl in MAH in patients with CH
CCA ICA ECA VA (V2)
Vs RI Vs Vs RI Vs RI
CCrA 76.4%10.2 0.70+0.07 70.1#9.6  0.61*0.05  70.3#8.1 0.78+0.05 40.1+12.6 0.69%0.06
BLS 77.8%10.3 0.72+0.04  68.3*10.2  0.62*0.05 66.7+10.3  0.79%0.05 36.4%9.5 0.87+0.05*
CG 75.6%12.2 0.73%0.05 67.4%14.5 0.6%0.06 69.3#11.5 0.81%0.07 47.8+10.4 0.65%0.06

Note:*p < 0.05

may be associated with extravasal compression of the VA
in patients with CTTH.

Table 7 presents data on the structural and functional
state of the MAH in patients with CHB.

Manifestations of extravasal compression of the spinal
cord were observed in a significant proportion of patients
in both clinical groups (CCrA - 37 patients, 45.1 %; BLS -
26 patients, 40.6 %). The similar prevalence of this
pathology in both groups suggests that vertebrogenic
cephalgic syndrome may be indicative of vertebral
artery compression syndrome. Notably, the prevalence
of pathological tortuosity of the vertebral arteries was
higher in the BLS group compared with the CCrA group
(7.8 % vs. 4.8 %), as was the prevalence of vertebral artery
hypoplasia (15.6 % vs. 8.5 %). This pattern indicates an
association of Barré-Liéou syndrome with structural
abnormalities of the vertebral arteries and, consequently,
with extravasal effects on the spinal vegetative plexus.

Vs and RI values in the CCA, ICA, and ECA were
within normal ranges. Velocity indices in the extracranial
segments of the VA were reduced in both CCrA

(40.1+12.6 cm/s; CG-47.8+10.4 cm/s) and BLS (36.4 +

9.5 cm/s; CG - 47.8 + 10.4 cm/s). Both groups also

showed increased RI indices: CCrA - 0.69 = 0.06 (CG -

0.65 + 0.06); BLS - 0.87 + 0.05 (CG - 0.65 * 0.06;

p < 0.05). These changes can likely be explained by the

high prevalence of extravasal compression, as well as

tortuosity and hypoplasia of the extracranial segments of

the VA in this patient population (Table 8).
Conclusions

1. Patients with M were characterized by the presence
of extravasal compressions and a decrease in Vs in the
VA.

2. Hypoplasia of the VA was more common in the group
of patients with MA than in M without aura.

3. Patients with TTH had a tendency towards reduced
velocity indices in extracranial segments of the VA.

4. Patients with CH manifested extravasal compression
of the vertebral arteries.

5. Tortuosity and hypoplasia of the VA in combination
with an increase in RI indices were characteristic of
patients with BLS.
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CrpyKTypHO-(pYHKLiOHaNbHI NAaTepHU ypaXKeHb MaricTpasibHUX apTepiit rosIoBu1 y NALEHTIB
3 ronoBHuM 6onem

Kanawmnikos B. .1, CrosHos O. M.2, Onps €. B.2 MenbHuk 0. B.?

1XapKiBCbKUIt HaLLiOHANbHWIA MeAWUYHMI YHiBEpCUTET, M. XapkiB, YkpaiHa
20pecbKuii HauioHanbHUIt MeAMYHMIA yHiBepcuTeT, M. Opeca, YkpaiHa
*KOHCYNbTaTUBHO-AiarHOCTUYHMI MeauuHuii LeHTp TOB Neuro-Cardio Lab., M. Oneca, YkpaiHa

Pesome

MeTa. BuBUYeHHs CTPYKTYPHUX Ta QYHKIiOHAJIbHUX 0COBJMBOCTEN MaricTpasbHUX apTepii rososu (MAD) y
nauieHTiB 3 MirpeHHto (M), rosoBuuM 6osiem Hanpyru ('BH) Ta nepBikoreHHUM rosioBHUM 6oJieM (1I'B).

Marepianu Ta Mmetoau. byso nociigpkeno 456 nauieHTiB Mosioforo Biky (18-44 pokwu; 4osioBikiB — 203, xi-
HOK - 255) 3 pi3HUMHU BUJJaMU roJIoBHOTO 60sit0: M - 124 nanientn, FBH - 186 nauienTis, [II'B - 146 nauieHTiB. 3a
JIOIIOMOT'0}0 MeTO/ly AYIIJIEKCHOTO CKaHyBaHHs OLiHIOBaaca cTpyKkTypa MAI' Ta Noka3HUKM CUCTOJIIYHOI JIiHIAHOI
mBUAKOCTI KpoBOTOKY (Vs) i ingexcu pesuctenTtHocTi (RI) y 3aranbuux (3CA), 30BHimHIX (30CA), BHyTpilHiX co-
HHUX (BCA) i xpeGeTHUX apTepisx (XA) y cermeHTax V2.

PesynbraTu. EKcTpaBasasibHa KoMIpecis XxpeGeTHUX apTepidl Oysa 3HAYyHO moluvpeHa y mnanieHTiB 3 LI'b
(43,1 %) Ta M (29,0 %), npu uboMy rinomnsasis XA y nux rpynax crocrepirasacs ogHakoBo 4acTo. [Ipy Bcix Bugax
roJIOBHOT'0 GOJIIO BiJI3HA4YaI0Cs 3HWXKEHHS LIBU/KICHUX MOKAa3HUKIB i mifBuieHHs 3HayeHb Rl y XA. Y nanieHTiB
3 MirpeHH:o 3 aypoto (MA) nepeBakaysii eKCTpaBa3asibHa KOMIpecis Ta rinomasis XA, nokasHuky Vs y il rpyii
Oy 3HAYHO 3HIKeHi. O3HAKU eKCTpaBasasibHOI KoMIpecii Ta MOB’si3aHe 3 IIUM 3HIDKEHHS reMoAWHaMikud XA
cnoctepiranuca npu Bcix BapianTax 'BH. Takoxk 03Haku ekcTpaBasa/ibHOi koMnpecii XA BUSABAAJNUCA Y 3HAYHOI
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yactuHuU nanieHTis 3 [II'B, 30kpema npu nepBikokpaniasrii (LIKA) ta cungpomi bappe-Jl’ey (CBJI). [Ipu CBJI nepe-
BaXKaJIM 03HAKH NaTOJI0TiYHOI 3BUBUCTOCTI Ta rinomniasii XA. [lIBuiKicHI MOKa3HUKU B eKCTpaKpaHiaJIbHUX CETMeH-
Tax XA 6ysiu 3HMKeHi y nanieHTiB 3 UKA Ta CBJI, npu 11boMy crioctepiranocs A0CTOBipHe MiJIBULIeHHS 3HauyeHb RI
y rpyni CBJI (0,87 £ 0,05; KI' - 0,65 + 0,06; p < 0,05).

BucHOBKM

1. [lna nauieHTiB 3 M xapakTepHa HasgsBHICTb eKCTpaBa3a/lbHUX KOMIpeCiil Ta 3HMKeHHA Vs y XA.

2.Y rpyni nauieHTiB 3 MA rinonsasis XA 3yctpivasacs yacriiie, Hixk npu M 6e3 aypu.

3.Y naunienTiB i3 'BH cnoctepiraetbcsa TeHAeHIis J0 3HUKEHHS UIBU/IKICHUX TOKAa3HUKIB B eKCTpaKpaHiaJlbHUX
cerMmeHTax XA.

4.V nauienTis 3 LII'B Big3Havyasacs HasgBHICTb eKCTpaBa3a/ibHUX KoMipeciil XA.

5. 3BuBHCTICTb i rinomnsiaszis XA B O€/HaHHI 3 NiiBUILeHHAM NoKa3HUKIB Rl 6y/1u XapakTepHi A/ naieHTiB i3
CBJI.

Kamwuoei caoea: mazicmpaavHi apmepii 2os108u, yepebpaibHa zemoduHamika, doniepozpadis, MmiepeHs, 20/10-
8HUl 6i1b Hanpyau, cuHOpom Bappe-Jlvey.
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Comparative Analysis of the Treatment of Patients with Lower Limb Artery
Thrombosis and Outflow Artery Injury Using Recombinant Tissue
Plasminogen Activator as a Thrombolytic Agent

Abstract

Aim. To evaluate the effectiveness of recombinant tissue plasminogen activator (rtPA) in the treatment of pa-
tients with lower limb arterial thrombosis and outflow artery injury, and to conduct a comparative analysis of
treatment following catheter-directed thrombolysis (CDT).

Materials and Methods. The study analyzed the treatment outcomes of 64 patients who underwent CDT
using rtPA. During the postoperative period and at the outpatient stage of treatment, patients received anti-
coagulant therapy according to the VOYAGER PAD protocol and underwent regular duplex ultrasound (DUS)
vascular monitoring.

Results. Most patients demonstrated marked regression of ischemia, reduction of pain syndrome, and absence
of critical hemorrhagic complications. Limb preservation was achieved in 93.3 % of patients within 2 months
after CDT. The use of CDT allowed achieving a high rate of revascularization and reduced the risk of recurrent
thrombosis.

Conclusions. Recombinant tissue plasminogen activator (rtPA) is an effective thrombolytic agent for CDT in
the treatment of patients with acute lower limb arterial thrombosis (ALLAT) and concomitant outflow artery
injury. The results of this study suggest that endovascular methods with additional angiographic control of dis-
tal blood flow are a recommended treatment option for patients with ALLAT and run-off arterial lesions. These
methods demonstrated a high success rate in revascularizing the affected arteries and improving the degree
of lower-limb ischemia, as evidenced by regression according to the Rutherford classification. The combina-
tion of CDT with secondary angioplasty proved beneficial in certain patients with hemodynamically significant
steno-occlusions that may have contributed to run-off arterial thrombosis.

Keywords: limb survival,
revascularization.

anticoagulant therapy. myocardial infarction (MI), arterial hypertension,

Introduction. Acute lower limb ischemia (ALLI) is
a pathological condition that occurs as a result of a sud-
den disruption of tissue perfusion, commonly caused by
thrombosis or arterial embolism. ALLI is characterized
by rapid onset and progression to critical ischemia, pos-
ing a significant risk of limb loss if timely treatment is not
undertaken.

Particular clinical importance is associated with
lesions of the outflow arteries, such as thrombotic oc-
clusion of the popliteal and tibioperoneal arterial seg-
ments. In such cases, symptoms may be more isolated
and pronounced, and collateral compensation is insuf-
ficient. Consequently, when restoring proximal blood

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

flow, incomplete distal revascularization can result in
rethrombosis of the reconstructed segment and irre-
versible necrotic changes in the limb. The threat to limb
viability affects overall survival, particularly in patients
with comorbidities. Without proper treatment, ALLI
can progress within the first two weeks [1,2], with mor-
tality among such patients reaching 15-20 %. High mor-
tality is linked not only to ischemic limb damage, but
also to severe concomitant pathologies, in particular
cardiovascular and cerebrovascular diseases, as well as
reperfusion tissue injury.

Catheter-directed thrombolysis (CDT) is one of the
methods for treating patients with ALLI caused by acute
lower limb arterial thrombosis (ALLAT). According to
the literature [3], CDT is an effective method that re-
duces both amputation and mortality rates. CDT can be
performed using various thrombolytic agents, including
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streptokinase, urokinase, and recombinant tissue plas-
minogen activator (rtPA).

However, in Ukraine, only alteplase (rtPA) is currently
available, and its use is subject to certain limitations.

Therefore, the treatment of ALLI should include not
only local thrombus removal but also a comprehensive
systemic approach aimed at correcting hemodynamic
disturbances, preventing thrombotic complications, and
reducing the risk of recurrence [4].

Aim. The study aims to compare the efficacy of CDT
with rtPA in patients with ALLI caused by ALLAT.

Materials and Methods. Between February 2020
and May 2025, 82 patients with ALLAT and outflow ar-
tery disease were examined. All patients reported the on-
set of symptoms within 0-14 days prior to examination.
The cases were accompanied by clinical manifestations
of ALLI, including pain at rest and during ambulation,
pallor and swelling of the affected lower limb, and cyano-
sis of the foot and lower leg.

Exclusion criteria were: presence of ankle or knee
contractures, a history of intracranial hemorrhage with-
in the previous 2 months, recent open surgery (within
the last 30 days), or an active source of bleeding. Pa-
tients with aneurysmal arterial lesions, including popli-
teal artery aneurysm thrombosis, and patients who un-
derwent non-rtPA-based CDT were also excluded from
the study.

A total of 64 patients with grades IIA-IIB ALLI, ac-
cording to the Rutherford classification, were included in
the study: grade II-A - 32 patients (50%) and grade II-B -
32 patients (50 %).

Among the patients, there were 20 female patients
(31.2 %) and 44 male patients (68.8 %). The average age
of the patients was 63 + 11 years. Comorbidities were as
follows: type II diabetes mellitus in 17 patients (26.6 %),
arterial hypertension in 37 patients (57.8 %), atrial fibril-
lation in 16 patients (25 %), and rheumatic disease in 2
patients (3.1 %).

All patients underwent duplex ultrasound (DUS)
of the lower limb arteries. According to DUS results,
thrombotic occlusion involving the femoropopliteal and
below-the-knee (BTK) arterial segments with associated
run-off artery injury (absence of blood flow in the tibial
and pedal arteries) was detected. Thrombotic occlusion
of the BTK arterial segments with run-off arterial lesions
was also diagnosed.

During hospitalization and treatment planning for
ALLAT, a standard patient examination protocol was fol-
lowed, which included performing DUS using Mindray
M5 and Samsung Medison R3 ultrasound systems. To
assess blood flow velocity and type, a linear ultrasound
probe with a variable frequency range of 9-15 MHz was
used. Diagnostic angiography and endovascular inter-
ventions were performed using the Philips Alura F920
angiographic system.

During diagnostic arteriography, the level of throm-
botic occlusion, the presence and characteristics of col-
lateral compensation, and the visualization of outflow

arteries were determined. A 6F introducer was inserted
according to the Seldinger method during angiography.

All patients underwent CDT after diagnostic arteri-
ography and confirmation of ALLAT with run-off artery
lesions.

In this study, recombinant tissue plasminogen acti-
vator (rtPA) was used for thrombolysis according to the
following protocol: an initial bolus infusion of 10 mg in-
traprocedurally over the first 15 minutes, followed by
continuous infusion of 10 mg/h for 4 hours. Additionally,
heparin infusion was administered intraarterially at a
rate of 1000 U/h for 12 hours. During bolus administra-
tion, patients’ vital signs were monitored and standard
anesthesia monitoring parameters were recorded.

During thrombolytic therapy and subsequent heparin
infusion, the following procedures were performed: con-
tinuous monitoring of vital signs, along with assessment
of hemostasis at the puncture site. Ultrasound evaluation
was carried out to assess the presence and characteris-
tics of blood flow in the run-off arteries, combined with
clinical assessment every 30 minutes.

The study complied with the requirements of the
Council of Europe Convention on Human Rights and Bio-
medicine, the World Medical Association Declaration of
Helsinki on the ethical principles of medical research in-
volving human subjects, and the current regulatory docu-
ments of the Ministry of Health of Ukraine. All patients
provided informed voluntary consent to participate in
the study. The study protocol was approved by the ethics
committee.

Statistical analysis and data visualization were per-
formed using IBM SPSS Statistics v.27.0 (Armonk, NY,
USA), MedCalc v.23.3.4 (MedCalc Software Ltd., Belgium),
EZRv.1.68,and RStudiov.2025.05.1+513 for Rv.4.5.1. The
frequency of qualitative nominal variables (absolute and
relative [%]) in two independent samples was compared
using the Fisher exact test. In more than two indepen-
dent groups, if a statistically significant difference was
observed according to the x? test, pairwise comparisons
of qualitative nominal variables were performed using
the Fisher exact test with Bonferroni correction. Quanti-
tative assessment of the clinical effect was conducted us-
ing the relative risk (RR) indicator, with 95 % confidence
intervals (CI) calculated via the combined exact binomial
test (melded binomial test). In related (dependent) sam-
ples, the frequency of qualitative nominal features was
compared using McNemar’s test. The severity of ALLI
(Rutherford grade [an ordinal qualitative measure]) in
related samples was compared using the Wilcoxon T-test.
The results of the comparison included the difference in
medians, determined by the Hodges-Lehmann method
(AMeHL) with 95 % CI. For all statistical tests, the level
of statistical significance was set at p<0.05 (with Bonfer-
roni correction).

ALLAT with run-off artery lesions occurring in steno-
occlusive diseases of the lower-limb arteries was diag-
nosed in 17 patients (48.6 %). Patients with ALLAT and
run-off artery lesions due to thromboangiitis obliterans
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numbered 4 (11.4 %). ALLAT with run-off artery lesions
caused by thromboembolism was observed in 9 patients
(25.7 %). Additionally, this study included 5 patients
(14.3 %) with ALLAT and run-off artery lesions occurring
during intraprocedural PTA.

Fifty-four patients (84.4 %) were hospitalized for the
first time with ALLI, while 10 patients (15.6 %) were re-
admitted. The distribution of ischemia severity accord-
ing to the Rutherford classification was as follows: Ila -
34 patients (53.1 %) and IIb - 30 patients (46.9 %).

Results. Open surgical interventions (without ad-
ditional intraoperative CT control) were performed in
17 patients (26.6 %), while endovascular interventions
were performed in 47 patients (73.4 %).

Treatment outcomes were evaluated within 2 months,
before the transition of ischemia to a chronic threatening
stage. The analysis of endpoints included rethrombosis,
occurrence of amputation, and limb preservation in the
two intervention groups (Table 1).

Table 1

Comparative results of endovascular and open
interventions

Endovascular Open
interventions interventions
Endpoints N=47 N=17 p,
Rethrombosis,
n (%) 13 (27.7) 10 (58.8) 0.037
Amputation, n (%) 4 (8.5) 6 (35.3)
i i 0.017
Limb preservation, 43 (91.5) 11 (64.7)

n (%)

In patients who underwent open surgical interven-
tions without intraoperative angiographic control, the

risk of rethrombosis was higher - RR of 2.127 (95 % CI
1.007-4.225) (p=0.048).

The risk of amputation in the open surgical interven-
tion group, compared to endovascular, was - RR 4.147
(95 % CI11.103-17.672) (p=0.034).

Among the endovascular interventions, 43 proce-
dures were CDT or CDT supplemented with using rtPA.
The results were analyzed according the subgroup of pa-
tients who underwent CDT (Figure 1).

CDT was performed as a monomethod in 17 patients
(26.6 %), CDT supplemented with percutaneous translumi-
nal angioplasty (PTA) in 17 patients (26.6 %) and throm-
botic mass canalization (balloon predilatation of the throm-
boocclusive site) combined with CDT in 9 patients (14 %),
additionally, in 5 (7.8 %) cases thrombosis with run-off ar-
teries lesion occurred intraprocedural during PTA.

An analysis of the surgical techniques used and the re-
spective combinations of CDT was performed (Figure 2).

When comparing the frequency of rethrombosis, it
was found that patients who underwent CDT followed by
additional PTA of causal stenoses and occlusions, had a
lower level of the following rethrombosis (Table 2).

In patients who underwent thrombotic mass canali-
zation (PTA of thromboocclusive sites) combined with
CDT, no significant reduction in the rate of rethrombosis
was observed (Table 3).

Analysis of amputations frequency in the CDT group
supplemented with PTA showed a statistically non-sig-
nificant trend towards a reduced risk (Table 4).

However, in the group undergoing thrombotic mass
drainage supplemented with CDT, no statistically signifi-
cant difference was observed compared with the other
intervention groups (Table 5).

Data on the dynamics of the ALLI severity in 42 pa-
tients who underwent CDT are presented in Figure 3.
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Figure 1. Risk ratio Forest graph of open, endovascular interventions and CDT
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Figure 2. Risk ratio Forest graph of open, endovascular interventions, CDT, CDT combined with PTA,
thrombotic mass canalization combined with CDT

Table 2
CDT combined with PTA rethrombosis risk ratio compared other interventions
Other interventions CDT+PTA RR
Indicators N=47 N=17 p, (95 % Al) [ 8
Rethrombosis N'=23 22 1 0.126
0.003 ; 0.004

Segment functioning N'=41 25 16 (0.003-0.668)
Table 3

Thrombotic mass canalization combined with CDT rethrombosis risk ratio compared other interventions

Other interventions Canalization + CDT RR

Indicators N=55 N=9 p, (95 % Al) p.
Rethrombosis N'=23 19 4 0711 1,287 0.824
Segment functioning N'=41 36 5 ’ (0,371-2,772) ’
Table 4

CDT combined with PTA amputation risk ratio compared to other interventions

Other interventions CDT+PTA RR
Indicators N=47 N=17 P (95 % Al) Ps
Amputation N'=10 10 0
B B . 0.051 0 (0-1.100) 0.068

Limb preservation N'=54 37 17
Table 5

Thrombotic mass canalization combined with CDT amputation risk ratio compared other interventions

Other interventions Canalization + CDT RR
Indicators N=55 N=9 p, (95 % Al) p.
Amputation N'=10 8 2 1.528
0.622 c 0.858

Limb preservation N'=54 47 7 (0.169-6.019)
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Figure 3. Dynamics of ALLI severity from baseline to discharge (Sankey diagram)

The nodes represent the absolute number (n) and rel-
ative proportion (%) of patients with the corresponding
Rutherford class at baseline and at discharge. The thick-
ness of the “flows” corresponds to the number of patients
transitioning between severity classes during treatment,
with annotations indicating the corresponding “flow”.

In the post-procedural period, the frequency of pa-
tients in Rutherford class 1la decreased from 52.4 %
at baseline to 21.4 % (p=0.011), and in class IIb from
47.6 % to 7.2 % (p<0.001), with transitions to class I ob-
served in 18 and 12 cases, respectively. Overall, 30 pa-
tients (71.4 %) had symptoms corresponding to Ruther-
ford class I at the end of the inpatient period.

In general, treatment was associated with regression
of ALLI by, on average, one Rutherford class (AMeHL:
-1 [95% CI: -1.5...-1]; p<0.001), observed in more than
half of the cases (n=23 [54.8 %]). At the same time, in
12 patients (28.6 %), a more pronounced improvement
was noted, with a decrease in the severity of clinical
manifestations by two Rutherford classes compared
to the initial state (transition from class Ilb to I). In 7
cases (16.7 %), no clinically significant transition was
observed at discharge, indicating either ineffectiveness
of the revascularization performed or the occurrence of
rethrombosis.

Discussion. The results demonstrated promising
outcomes, with a high rate of successful revasculariza-
tion and regression of ALI. Most patients experienced an
improvement of one to two stages according to the Ru-
therford classification, indicating a favourable response
to the CDT intervention.

The CDT procedure was performed using rtPA as the
thrombolytic agent, administered via a volumetric infu-
sion pump. Most patients reported reduced pain, and no
major bleeding complications occurred during the pro-

cedure, indicating that CDT is both safe and effective for

restoring blood flow in patients with ALIL

Despite the high overall success rate of CDT, this case
emphasizes the need for careful patient selection and on-
going monitoring to identify patients who may require
alternative treatment approaches.

In some cases, follow-up arteriography and angioplas-
ty were performed to address steno-occlusive lesions,
further improving the outcomes of the intervention. This
combination of CDT with secondary angioplasty demon-
strated superior results compared with intraoperative
intraarterial thrombolysis [5,6].

Long-term outcomes in the CDT patient group were
relatively favourable, particularly for patients undergo-
ing secondary angioplasty, compared with those receiv-
ing CDT alone in the short term [7,8,9].

Due to the catheter-directed scheme of thrombolytic
therapy at the indicated severity, no critical haemor-
rhagic complications were observed. Other studies of
CDT similarly report a low risk of major bleeding events
[10-15].

Conclusions

1. The results of this study suggest that endovascular
methods with additional angiographic control of
distal blood flow are a recommended treatment
option for patients with ALLAT and run-off arterial
lesions. These methods demonstrated a high success
rate in revascularizing the affected arteries and
improving the degree of lower-limb ischemia, as
evidenced by regression according to the Rutherford
classification.

2. The combination of CDT with secondary angioplasty
proved beneficial in certain patients with
hemodynamically significant steno-occlusions that
may have contributed to run-off arterial thrombosis.
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Long-term follow-up and anticoagulant therapy In summary, CDT is a valuable and effective treat-
were crucial in maintaining the efficacy of CDT = ment option for patients with acute lower limb arterial
and preventing recurrent thrombosis in most thrombosis and AL, offering the potential for successful
patients. revascularization and improved clinical outcomes.
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MopiBHANbHMI aHani3 NiKyBaHHSA NALLIEHTIB i3 TPOMO0O30M apTepi HMKHBOI KiHLiBKK
3 YpaXXeHHSIM apTepiii BiATOKY, i3 BUKOPUCTAHHAM PeKOMBIHAaHTOro akTMeaTopa
TKQHUHHOrO NNasMiHOreHy Ik TPOM6ONITUYMHOrO areHTa

Makisuyk [1. A., Tynano 0. M.

[lepxaBHa HayKoBa ycTaHOBA «LleHTp iHHOBALLIMHMX TEXHONOTi OXOPOHM 300POB»
[epxaBHoro ynpaeniHHs cnpasamu, M. Kuis, YkpaiHa

Pesome

Merta. OLiHUTH epeKTHUBHICTh PeKOMOIHAHTHOIO TKAHWUHHOI'O aKTHUBaTOpa IlJ1asMiHoreHy (rtPA) y siikyBaHHi
narieHTiB 3 TPOMG030M apTepiit HUKHIX KIHLIBOK Ta ypa)keHHSM apTepill BIATOKY, a Tako» MPOBEeCTH NOPiBHAIb-
HUU aHaJli3 JIiKyBaHHSA MiC/Is1 KaTeTep-crupssMoBaHoi TpoMboiTuyHoi Tepanii (KCTT).
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Marepiasii Ta MeToAU. Y OCTi/PKeHHI TPOaHa/i30BaHO pe3y/ibTaTH JiKyBaHHS 64 Nalli€eHTIB, IKUM OYJI0 PO-
BegeHo KCTT i3 3actocyBanHsAM rtPA. ¥V nicisionepaniiHui nepios Ta Ha aMGyJIaTOPHOMY eTami MaliEHTH OTPHU-
MyBaJIM aHTHUKOATYJISIHTHY Tepamnito 3rizHo 3 npoTokosioM VOYAGER PAD Ta mpoxoauiu perysisipHui AynjieKCHUN
YAbTPa3BYKOBUM ckaHyBaHH#A (Y3/C) [ CYAMHHOTO MOHITOPHHTY.

PesysibTaTu. Y 6i/1b110CTI NALIEHTIB crIOCTepirasacs 3Ha4yHa perpecis ilmemil, 3MeHIIeHHA 60JIbOBOI'O CUH/PO-
MY Ta BiICYyTHICTb KpUTUYHUX F€eMOPATiyHUX YCKIaJHEeHb. 36epekeHHs KiHIiBKH O6ys10 focarHyTo y 93,3% nanjieH-
TiB npoTtsiroM 2 MicsuiB nicasa KCTT. Bukopuctanua KCTT f03B0/1M10 A0CATTH BUCOKOI YaCTOTH peBacKyasipu3ariil
Ta 3HU3UTH PU3HUK IOBTOPHOT'O TPOMOO3Y.

BucHOBKH. PeKOMOIiHAHTHUH TKAHMHHUN aKTUBATOp mia3MiHoreny (rtPA) € epekTUBHUM TPOMOOTITUUHUM
3aco6oM g1 KCTT npwu slikyBaHHI NalieHTIB 3 TOCTPUM TpoM6030M apTepiil HMxHix KiHLiBok (TAHK) Ta ypaxkeH-
HAM apTepiil BiaTOKY. Pe3ysbTaT J0C/IiPKeHHS CBiiuaTh, 1110 €HI0BACKY/IsApHI MeTO/AU 3 JJ04AaTKOBUM aHriorpa-
GIYHUM KOHTpPOJIEM AUCTAJBHOI0 KPOBOTOKY € PeKOMEH/J0BAHUM BapiaHTOM JikyBaHHs nauieHTiB i3 TAHK Ta
ypaxKeHHsIM apTepiil BiaToky. Lli MeToAM nNpoAeMOHCTpyBaIu BUCOKUHN piBeHb yCMilIHOT peBacKyisipusauil ypaxe-
HUX apTepid Ta 3HWKEHHS CTYIeHs illeMil HHXKHIX KiHI[IBOK, 1110 MiITBEP/XKYEThCS perpeciero 3a kaacudikaliiero
PyTtepdopnaa. [loegnanHs KCTT i3 BTOpMHHO aHTiOMJIAaCTUKO BUSIBUJIOCS KOPUCHUM Y JIeSIKUX MAl[i€HTIB i3 remMo-
JMHaMI4YHO 3HaYyLMMHU CTeHO3aMH ab0 OKJII03iIMHY, AKi MOIVIM CIPUYUHATH BUCXIAHUN TPOMOO3.

Katouoei caoea: 36epexceHHs1 KIHYIBKU, aHMuKoazyAssHmHa mepanis, inggapkm miokapoa (IM), apmepianvHa
einepmeH3is, pesackyaAspu3ayis.
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[lep>kaBHa HaykoBa yCcTaHoOBa «LleHTp iHHOBALIMHMX TEXHONOTi OXOPOHM 30,0pOBa» [lep)XaBHOro ynpaB/iHHS
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PerioHapHi MeToAu 3HeOONEHHSA NiA YNbTPA3BYKOBOIO HaBirawi€to
Npu eHA0BEHO3HIM NasepHin abnauii Ta MiHidnebekToMmii

Pe3ome

[TopiBHsJIbHA edeKTUBHICTh KOMOGiHanii 6;10kaau n. femoralis Ta n. ischiadicus fossa poplitea i3 6s10kazor0
n. femoralis Ta n. saphenus niJy y1bTpa3ByKOBUM KOHTpOJIEM ITPH €HJ0BEHO3HUX JIa3epHUX abJIALiAX Ta Mi-
HidiebeKTOMIfAX.

Merta. [IpoBecTH KOMILJIEKCHE MTOPIiBHAHHS ABOX METO/[iB perioHapHOI aHecTesil 110/10 iX epeKTUBHOCTI, 6e3-
MeKHU Ta KJiHIYHOI A0LiIBHOCTI MPY MaJIOiHBa3UBHOMY JIiKyBaHHI BAPUKO3HOI XBOPO6GH HUKHIX KiHIIiBOK.

Marepia/im Ta MeTOAM. Y NPOCIEKTUBHOMY PaHA0Mi30BaHOMY JOC/iIKeHHI B35/ y4acTb 50 mauieHTiB,
Kl 6y/1u posnoAiseni Ha ABi rpynu: rpyna A (n. femoralis Ta n. ischiadicus fossa poplitea, n=25) ta rpyna b
(n. femoralis Ta n. saphenus, n=25). Yci BTpy4aHHs BUKOHYBAJIUCA MiJ YIbTPa3ByKOBUM KOHTPOJIEM 3 BUKO-
puctanHaM 1 % - 15 mu1 po34yuHy JifoKaiHy Ha KoxHY 6J10kaay (30 mu cymapHo). OuiHoBanvcs iHTpaonepa-
iHHUK 6isb (32 mwKasow VAS), reMoZiiHaMiKa, TPUBAJIICTh MOTOPHOTO GJIOKY, IMHAMIKA PiBHSI KOPTHU30J1Y ¥
nepuonepaniiHoMy nepioai.

PesyabsraTtu. ['pyna A npojeMoHCTpyBaJia JOCTOBIPHO [JIOBIIY TPHUBaJicThb MOoTOpHOro 6Ji0Ky — 300,0 xB
(180,0) Ta kpaiue 3He60eHHS 33/JHbOI MOBepxHi romMinku. OfHaK rpyna b BiA3HayMIacs MeHIIO0 TpUBalic-
TI0 MOTOpPHOTr0 610Ky - 220,0 xB (200,0-240,0). PiBeHb iHTpaonepauiinoro 6o.1to (VAS) He MaB JOCTOBIpHUX
BiZMiHHOCTe# Mixk rpynamu. [IpoTe 3 MeTOI0 LOCATHEHHS aJleKBaTHOI0 PiBHSA 3He60/IeHHS 3HaA06MJI0Cs [10-
JlaTKOBE BBeJIeHH naljieHTaM rpynu b ¢eHTaHiny y 6i/1biuii KiJbKOCTI MOPiBHSAHO 3 rpymoo A.

BucHoBkH. 061Ba MeTOAU € epeKTUBHUMU Ta 6e3ne4yHUMHU BapiaHTaMu aHecTesii npu EBJIA Ta Miniduie-
6exToMmil. Biiokaza n. femoralis Ta n. saphenus € onTuManbHUM BUGOPOM AJI1 PyTUHHUX BTPYyYaHb 3aBASKU
TEeXHiIYHi¥ NPOCTOTI Ta LIBUAKOCTI BUKOHaHHA. Bsiokaza n. femoralis Ta n. ischiadicus fossa poplitea pekomeH-
Jl0BaHa NpPH CKJIaJHUX BUNAAKaX, LIl0 BUMaraloTb TPUBaJoi aHaresii. YIbTpa3ByKoOBUI KOHTpPOJIb 3abesIe-
4yye BUCOKHH piBeHb 6e3MeKu 060X MeTOHUK.

Kamwouoei caoea: pezionapHa aHecme3sisi, eH008eHO3HA Aa3epHA a6AYis, MiHigp1ebekmomis, 610kada cmezHo-
8020 Hepsa, 610kada cidHU4YHo20 Hepaa, 610Kkada nidowWKIpHO20 Hepad, yAbMpas38yKosuli KOHMPOIb.

Bcetyn. Bapuko3Ha xBopo6a HMXKHIX KiHLIBOK € 0Of-
Hi€l0 3 HaWNOLWIMpEeHIUX CyAUHHUX NATOJIOTIH, fAKa
CYTTEBO BIJINBAE HA AKICTb KUTTA NaLieHTiB. CyyacHa
¢dsiebosioriss TPONOHYE HU3KY MiHiiHBa3UBHUX METO/iB
JIIKyBaHHs, cepeJl IKMX €H/I0OBEHO3Ha JiazepHa abJis-
uisg (EBJIA) Ta miHipae6ekTOMisA 3aliMalOTh NPOBifHE
micie. Ili MeTonu [03BOJISAIOTL €PEKTUBHO YCYHYTH
MaToJIOTIYHO 3MiHEHI BEHU 3 MiHiMaJbHUM PHU3UKOM
YCKJIaZJHEHb, KOPOTKUM TepiofoM peabisitanii Ta Bu-
COKOI0 eCTeTHYHOI0 pe3ysabTaTuBHicTIO [1]. [laHa naTo-
Jiorist eGeKTUBHO ONEPYETHCS B YMOBax aMOy/1aTOPHOI
xipypril. Kpim Toro, BClo npoLesypy MOHa IpOBOJAUTH

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

miJ; MicueBoo (TyMeceHTHO0) aHecTe3i€o B aMbysia-
TOPHUX YMOBax [2,3].

OpHak ycniuiHe NpoBeJeHHS [JUX NPOLelyp HEMOXK-
JuBe 6e3 epeKTHUBHOIro 3HeOOJIeHHs, sIKe 3abe3Mneuye
KOMQOPT MaljieHTa Ta CHPUSE STKICHOMY BUKOHAHHIO
onepauyil. TyMmecueHTHa aHecTe3id NpU BUKOHAHHI
EBJIA Ta MiHid1e6eKkTOMII € HeLOCTAaTHBOIO. Y cyyacHin
xipyprii Ta aHecTesioJsiorii BakJiuBe Miclie 3aliMalOThb
MeTOAM perioHapHol aHecTe3il NiJ YyJbTPa3BYKOBOIO
HaBiranieto, siki J03BOJISIIOTh 320€3NeYUTH ePEKTHUBHE
3HeOOJIeHHS TiJ| 4yac onepaTUBHUX BTPYYaHb HA HUXK-
Hix KiHniBKax. Oco6JIMBY yBary npuBepTamThb 6JI0KagU
crerHoBoro (n. femoralis), cigzauunoro (n. ischiadicus)
Ta mifukipHoro (n. saphenus) HepBiB mij, yJabTpa3By-
KOBUM KOHTPOJIEM, fIKi IIMPOKO BUKOPUCTOBYIOTHCS
NpU TaKUx npoueaypax, sk EBJIA ta miHnipiebekTomis
[4,5,6].
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[li MeTou 103BOJIAIOTH MiHIMI3yBaTU BUKOPHUCTAH-
HA 3arajbHOI aHecTe3il, 3HU3UTHU PU3UK YCKJIAJHEHb,
MOB’sI3aHUX i3 3arajbHOI0 Ta CHiHAJTBHOIO aHECTE3IEl,
Ta NPUCKOPUTH BiJJHOBJIEHHA Nali€eHTIB. [lopiBHAHHA
epeKTUBHOCTI 6JioKaau cterHoBoro (n. femoralis) Ta
CiIHUYHOTO HepBa B MiAKoJiHHINA aMii (n. ischiadicus
fossa poplitea) 3 6s10kagot0 cTernoBoro (n. femoralis)
Ta migmkipHoro (n. saphenus) HepsiB npu EBJIA Ta Mi-
Hipsie6eKTOMIi € aKTyaJbHHUM MUTAHHSIM y CydacHii
MeAU4HiA npaktuni [7,8]. JlocaiKeHHS MOKa3yOTh,
10 BUOIp METOAMKU aHecTe3il MoXKe CyTTEBO BILJIMBA-
TH Ha SIKiCTb 3HEOOJIEHHS, TPUBAIICTb MPOLEAYPH Ta
KOMQOPT NauieHTa.

3HebosieHHa Tig 4dac EBJIA Ta miHipsie6exkToMil €
KJIIOUOBUM acleKTOM, AKUHM BIJIMBAE He JIUIIE Ha Mepe-
6ir mporueaypy, aje ¥ Ha 3arajbHy 33/I0BOJIEHICTD Ma-
nieHta. TpaauuiiiHi MeToAW aHecTesii, Taki K MicueBa
iHinbTpaliiiHa aHecTesisl, YacTO BUSABJISAKTbLCI HeMO-
CTaTHbO ePEKTUBHUMHU /1JI1 KOHTPOJIIO 60JI10, 0COGJIMBO
NpY BeJIMKUX ab0 TPUBAIUX BTPYyYaHHAX. Y 3B'A3KYy 3
LIMM perioHapHi MeTOAM aHecTe3il Mif yIbTPa3ByKOBUM
KoHTpoJieM (¥Y3-kKoHTpoJib) [9,10] MOXKYThb CTAaTH 30J10-
THUM CTaHJAapTOM y ¢JieboJioriyHii npakTuli. Bouu 3a-
6e3MmedyoTh TOUHE BBEJJ€HHS aHECTETHKA, 3aB/ISIKH YJIb-
Tpa3BYKOBiM HaBiralii MiHiMi3yl0Tb PU3UK YCKJIaJHEHD
Ta 3a0e3MevYy0Th TPHUBaJe U IVINOOKe 3He60JIeHHS.

BukopucTaHHsl Y3-KOHTPOJIIO I03BOJISIE JiKapsIM Bi-
3yaslisyBaTH HepPBY, CYJUHU Ta HABKOJIUIIHI CTPYKTYPH,
110 3HAYHO MiABUINYE TOYHICTH i Oe3MeKy MmpoueaypHu
[9,10]. Lle oco6sMBO BakKJWBO Ipu NnpoBeneHHiI EBJIA
Ta MiHipJie6ekTOMIl, e HeoOXiZHO 3a6e3MeUYnTH 3HE60-
JIEHHSI B 30HaX 13 BUCOKOIO IHHepBaLi€lo Ta Yy TJIUBICTIO.
KpiMm Toro, perioHapHa aHecTe3isl 03BOJII€ 3MEHILIUTHU
KIJTBKICTh CHCTEMHHUX aHECTETHKIB, 1[0 0COGJIHMBO BaX-
JIMBO [JIF MaLi€HTIB i3 CYyNyTHbOI NMATOJIOTIE, TAKOIO
SIK CepLeBO-CyIMHHI 3aXBOPIOBAaHHS ab0 HUPKOBA HeJl0-
craTHicThb [5,6,7,8].

Ha cboroaniumHil feHb iCHYe KibKa perioHapHUX
MeTo/[iB 3He60JIEHHS], IKi aKTUBHO BUKOPHUCTOBYIOThCS
mig yac EBJIA ta MiHidpsie6ekToMii. Cepes; HUX HAMOIIbIIT
MOIIMPEHUMH € O6JI0KazAa cterHoBoro (n. femoralis), cia-
HU4HOTO (n. ischiadicus) Ta mizmkipHoro (n. saphenus)
HEePBIB, a TAKOX TyMecCLeHTHa aHecTe3ifA. KoxeH i3 nux

PucyHok 1. LA - micuyesuli aHecmemuk,
NF - cmezHosuli Heps, AF — cmeeHosa
apmepis, NEEDL - 2onka

PucyHok 2. TN - gesnukozominkosudi
Heps, CPN - 3az. manozominkosuli Hepa

MeTO/[iB Ma€ CBOi epeBaru Ta 0GMeXeHHs, [0 POOUTH
BXJIMBUM IHAMBiAyaJbHUHN MiAXiZ 10 BUGOPY MeTOIy
aHecTesii /1 KoKHOTO nanieHTa [5,6,7,8].

Meta. [lopiBHATHM KoMOGiHalilo, epeKTHBHICTb Ta
6e3mneKy 6J10Kaau crerHoBoro (n. femoralis (pucyHok 1))
Ta CiIHUYHOTr0 HepBa B MifKoMiHHIN M (n. ischiadicus
fossa poplitea (pucyHoxk 2)) 3 6J10ka/iot0 cTerHoBoro (n.
femoralis) Ta migmkipHoro (n. saphenus (pucyHox 3))
HepBiB npu EBJIA Ta MiHid1e6eKkTOMIl.

Marepiasiu Ta MeTOAU. Y NOC/TiPKEHH] B351JIU Y4acTh
50 manieHTiB, AKi paHZOMHO (METOAOM CIiMHUX KOHBEP-
TiB) Oy/u po3mnogineHi Ha ABi rpynu: I'pyma A (n=25):
6s0kaza n. femoralis Ta n. ischiadicus fossa poplitea;
I'pyna b (n=25): 6s10kaza n. femoralis Ta n. saphenus.

KpuTepii BK/IIOUEHHS: MAI[iEHTH i3 XPOHIYHOW Be-
HO3HOK HEJIOCTATHICTIO, Ki moTpebyoTh EBJIA Ta Mi-
Hipsre6ekTOMil onHiel kiHIiBKH. Bik: rpyma A - 47,00
(36,0-59,0); rpyma b - 52 (39,0-66,0). Bara: rpymna
A - 85,1+18,06; rpyna b - 79,4+11,93. CtaTb: rpymna
A -10/15 (4/X), rpyna b - 11/14 (4/2K). BigcyTHicTb
asieprii Ha MicueBi aHecTeTUKU. KpuTepii BUK/IIOUEHHS:
Ba)KKa JIEKOMIIEHCOBAaHA CyNyTHS MATOJIOTis, iIHpeKIis B
30Hi MpoBeJIeHHs 6JI0Kaiv, Bi/IMOBA MallieHTa Bij y4ac-
Ti B mocuimkeHHi. CTaTUCTUYHY O0OpPOOKY JaHUX IPO-
BeJIeHO 3 BUKOPHUCTAHHSAM MPOTPAMHOTO 3a6e3MneyeHHs
StatPlus (Bepcis 7.0, AnalystSoft Inc., CILIA). [lns1 oniHKH
BiZINOBIZTHOCTI pO3MOAiNY JAaHUX HOPMAJbHOMY 3aKOHY
3acTocoBaHo KpuTepiil [llanipo-Yisnka. 3a yMoBHU Biamo-
BilHOCTI BapialiliHUX pSAAIB HOPMaJIbHOMY PO3NOAITY
Jl11 IOPIBHAHHSA cepeJiHiX 3Ha4eHb BUKOPHUCTOBYBa/IU
OIHOCTOPOHHIH AucnepciiHUM aHai3 (one-way ANOVA)
i3 mocT-X0K TecToM 3a MeToZ oM boHdeppoHi. Y Bunas-
Kax, KOJIU pO3MO0/iJ JaHUX He BiJII0BijJaB HOpMaJbHOMY,
JIJIsl aHaJi3y MDKTPYNOBUX BiAMiIHHOCTEHN 3acTOCOBYBa-
Ju U-kpuTepiit ManHa-YiTHi.

Jani B Tabuuigax i rpadikax momaHo y dopmari
M + SD (cepeliHE 3HaYeHHS * CTaHJJapTHE BiAXUJIeHHS) Y
pasi HopMasIbHOTO po3moAiny abo y Burisaai Me [Q1-Q3]
(MeniaHa Ta MP>KKBAapTHUJIbHUM PO3MO/i) IPHU BiIXUJIE€H-
Hi BiJl HOpMaJIbHOTO pO3MOoAiay. PiBeHb CTaTUCTUYHOI
3HaYyIIOCTi BCTAHOBJIEHO Ha piBHi p<0,05.

ANropydTM NpOBeJieHHSl perioHapHOi aHecTe3il mif
Y3-KOHTpoJIEM TpPU eHJ0BEHO3Hil Ja3epHid a6l

PucyHok 3. SN - nidwkipHuli Heps,
FA - cmezHosa apmepis
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Ta MiHipseGeKTOMIl: NMpeMeaMKalliss - MMaHTOIPA30JI

40 Mr B/B, OHZaceTpoH 8 Mr B/B, JeKCKeTompodeH

50 mr B/B. I'pyma A: 6;10kazia crerHoBoro (n. femoralis)

Ta CiIHUYHOT0 HepBa B MiAKOJiHHINA AMIi (n. ischiadicus

fossa poplitea). BukoHyBasacsa mif y/IbTPa3BYKOBUM

KOHTpoJieM 3 BukopuctanHaM 30 ma 1 % po3duny Jiifjo-

kaiHy (15 ma 1 % sigokainy ass 6sa0kagu n. femoralis

Ta 15 Ma 1 % posuuHy Jaigokainy pasns 6s0Kajgu

n. ischiadicus fossa poplitea). I'pyna b: 6/10kazma cTerno-

Boro (n. femoralis) Ta migmkipHoro HepBiB (n. saphenus).

BukoHyBasacs miJ; ybTPa3ByKOBUM KOHTPOJIEM 3 BHU-

kopuctaHHaAM 30 ma 1 % po3uuHy Jdigokainy (15 mu

1 % po34uHy JifokaiHy asas 6so0kagu n. femoralis Ta

15 M1 1 % po3uuHy Jifokainy ass 6;10kagu n. saphenus).

Cepanist - mponodos 1-2 mMr/kr/rog B/B 3 METOIO CTBO-

PeHHsI TICUXO0eMOIiHOro KOoMQopTy AJs maljieHTa 3i

30epeXeHHAM CaMOCTiHHOIrO JWXaHHS Ta 3a HeoOXif-

HOCTIi Bep0aJIbHOT'0 KOHTAKTY i3 manieHToM. [HCypstis

3BOJIOKEHOT0 KHCHIO 3 KOPUT'YBaHHAM NOTOKY. CUMIITO-

MaTH4yHa KopeKis nokadHukiB BigHocHO AT, YCC, SpO,.

IHTpaonepaniiino - iHdy3ig po3ynHY mNapaleTaMmosy

(Inpynran) 1000 mr B/B, deHTaHiJ BHYTPIlIHBOBEHHO

(mpu piBHi 6ouito 5 i Bume 3a BAII). ®opmyBaHHA mO-

JOYIIKH, [0 OTOPTaTUMeE BeJIUKY HiAIKIpHY BeHy, dizio-
JIOTIYHUM PO3YNHOM.

1. YactoTa cepueBux ckopodeHb (UCC) Ta apTepiasb-
Hu# tuck (AT). IligBumennsa YCC ta AT moxe cBiz-
YUTU MPO HeAOCTaTHIO ePeKTUBHICTh aHecTe3ii Ta
CTPECOBY peakKIiito.

2. [HTeHCHUBHICTb 6OJIFO 3a Bi3yaJIbHO-aHAJIOTOBOIO
mkasoro (BAIL). IMamieHT omiHlo€e 6inb 3a MIKaJOH0
Bix 0 (BizcyTHicTb 60u110) 10 10 (HecTepmHUM 6ib) —
mij yac nmpoueAypu Ta micsas npoueaypu (depes 1, 3,
6,9 roIUH) AJ1S OI[IHKM MOTPEOU y IOAATKOBIN aHaJI-
resii iHTpaonepaliiHo.

3. lloka3HUKU CTpPecoBOi peakliii: piBeHb KOPTU30Jy B
KpOBi iMyHOXeMiJIIOMiHICLIEHTHUM MeTOJ0M (BeHO03-
Ha KPOB) - IIepe/] T0YaTKOM ONepaTUBHOTO BTPY4YaH-
Hsl, yepe3 1 roAMHY 3 MOMEHTY MOYaTKy ONEpaTHB-

HOTO BTPy4YaHHf Ta 4yepe3 1 roAuHy 1o 3aBeplleHHI

omnepauii 1J1d OLiHKU CTPECOBOI peakliil opraHiamy.
4. TpuBa/icTb ONepaTUBHOTO BTPY4YaHHS Ta MOTOPHO-

ro 6Jioky [12].

PesynbraTu. [IpoBegeHe focigKeHHSA NOPiBHIOBAJIO
epeKTUBHICTh [ABOX METOJIB 6JIOKaJAX HEPBIB JJis
3HeOOJIEeHHS MiJ] Yac eHJO0BEHO3HOI Jia3epHOoi a6l
(EBJIA) Ta miHipe6ekTOMIl: 6y10Kaau n. femoralis Ta n.
ischiadicus fossa poplitea (rpyma A) Ta 6;10kazu n. femo-
ralis Ta n. saphenus (rpymna b).

Y 060X JoC/TiIKyBaHUX rpynaxX reMoAHaMivHi mapa-
MeTpH 3aJIMUIAIUCA CTabiIbHUMU MPOTATOM yChOTO TIe-
pioZly crocTepekeHHs1, 6€3 CTaTUCTUYHO 3HAYYLIUX KO-
JINBaHb YM TeHAeH1ii 10 3MiH (p<0,05) (pucyHku 4, 5, 6).

EdexTuBHicTb 3He6GOIeHHs (pUcyHOK 7). Y rpymi A
crocTepirasiocst 6l TpUBaJsie Ta CTabiJibHe 3HEOO-
JIEHHsI opiBHsAHO 3 rpynoto b. [lanjienTu rpynu A nosi-
JOMJISIJIM TTPO MEHIIY iHTEHCHBHICTDb 60JIIO TiJT Yac mpo-
Lle/lypy Ta B paHHbOMY MicjsionepaniiHoMy nepiozi. ¥
rpymi b 3He60/1eHHS 6y/I0 MEHIII TPUBAJIMM i MOTPe6yBa-
JIO I0ATKOBOTO BBeJleHHA IHTpaolepaLiiiHO aHa/bre-
TUKIB Y 40 % Bunazkis. Takox y rpyni b cnoctepiranucsa
BUIA/[KU HEMOBHOT'0 3HEGOJIEHHS.

YoTUpH MaIiEHTH 3 TPYNH A OTPUMYBaIH PeHTaHII
iHTpaomneparniliHO K JJ0fAaTKOBe 3HEGOJIEHHS B CyMap-
Hilt 1031 600 MKT. BianoBiziHO, AlecsaTh nanieHTiB rpynu b
oTpuMasu peHTaHin y cymapHiid 1o3i 1100 Mkr. [TarnieH-
TaM rpynu b deHTaHi/ BBOAUBCA Y pasi MomMpeHHs Ba-
PUKO3HHUX BY3JIiB 32 Mei 30HM iHHepBallil CTETHOBOTO
(n. femoralis) Ta migmkipHoro (n. saphenus) HepBiB.

PiBeHb KOpTH30Jy (PUCYHOK 8) Ta IIIOKO3H (pUCY-
HOK 9) CTaTUCTHUYHO MiXX COOOI0 He BiAPi3HSAIHCA MiX
rpynamu.

TpuBasictTb MOTOpHOro G6JIOKY Ta ONEpaTUBHOIO
BTpy4YaHH4 (Tabsuid 1). Y maiieHTiB rpynu A MOTOPHUH
6J10K y cepenaboMy ctraHoBuB 300,0 (180,0) xB, y 2 na-
1ieHTiB (8 %) TpUBaMIiCTh MOTOPHOTO GJIOKY CTAaHOBHJIA
310 xB. TpuBaJicTh MOTOPHOTO GJIOKY € 3HAYHO BHIIOO
(Ha 40-60 xB) y maIieHTiB Ipynu A, OCKIJIbKH 6JIOKYIOTh-

145
140

_A

135
130 N

115 . . .

2 SN

0 1 2 3

—+—IpymaA -—=—Ipymab

4 5 ) 7

PucyHok 4. PiseHb cucmoniyHo2o apmepiansHo20 mucky (MM pm.cm.) y xeopux epynu A i b
Ilpumimku: 1 - noy. om.; 2 - 15 xB. omn.; 3 - 45 xB. on,; 4 - 1 rog om.; 5 - 1 rox 30 xB. om.; 6 - KiH. 0/m.; 7 - 1 roz /0. * - p<0,05

3a kputepiem ANOVA.
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PucyHok 5. PigeHb 0iacmoniyHo20 apmepiansHo2o mucky (MM pm.cm.) y xeopux epynu A i b

Ilpumimku: 1 - nody. omn.; 2 - 15 xB. omn.; 3 - 45 xB. on.; 4 - 1 rox omn.; 5 - 1 rog 30 xB. on.; 6 - KiH. 0/11.; 7 - 1 rox n/o. * - p<0,05
3a kputepiem ANOVA.
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PucyHok 6. 3mMiHU yacmomu cepuesux CKopo4deHb (MM pm.cm.) y pi3Hi mepMiHU J1iKy8aHHS X80pUX
epynuAi b (M= SE)

Ilpumimku: 1 - mo4.; 2 - 15 xB. on.; 3 - 45 xB. omn;; 4 - 1 roz om.; 5 - 1 rog 30 xB. om.; 6 - KiH. 0/1.; 7 - 1 rog /0.

3
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PucyHok 7. Peaynsmamu ouiHku 60110 xeopux epynu A i b 3a wkanow BALL y duHamiyi docnidmeHHs (M £ SE)

Ilpumimku: 1 - po3pis; 2 - 15 xB. on.; 3 - 45 xB. omn.; 4 - 1 rox omn.; 5 - 1 rox 30 xB. o1.; 6 - KiH. om.; 7 - 1 rog n/o; 8 - 3rog n/o;
9-6ronn/o; 10 -9 roxn/o. * - p<0,05 3a kputepiem MaHHa-YiTHi.
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PucyHok 8. 3miHu pieHs kopmu3ony y xeopux epynu A i by duHamiyi docnidmeHHs (M £ SE)

Ilpumimku: 1 - onep.; 2 - 1 rox om.; 3 - 1 roxg /o.
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PucyHok 9. 3miHu pigHs antoko3u y xgopux epynu A i by dunamiui docnidmerHs (M = SE)

Ilpumimku: 1 - onep.; 2 - 1 rog om.; 3 - 1 rox /o.

cs1 MOTOPHI HelpoHHU n. femoralis Ta n. ischiadicus - 1Box
HaWOINbIIUX eprudepUYHUX HEPBIB JIIO/CHKOrO Opra-
Hi3My. BifinoBisHO, TpUBaJicTh MOTOPHOTO GJIOKY y Ma-
nieHTiB rpynu b € kopoToto i cranoButs 220,0 (200,0-
240,0) xB. A/Ke GJIOKYETHCS JIMIIE OAUH HEPB, IKUH Ma€
y CBOEMY CkJiaJii MOTOpHI HelipoHu (n. femoralis), Tozi
SIK N. saphenus MiCTUTb TiJIbKHK Yy TJIMBi BOJIOKHA i MOTO-
pHOTrO 6JIOKY HE BUKJIMKAE.

Juckycis. EdextuBnicth MetofiB. Biokaza n.
femoralis Ta n. ischiadicus (fossa poplitea) 3a6e3neuye
OisbII TIMOOKE Ta TpUBasie 3He6GOJIEHHS, 110 POOUTH il
ileaslbHUM BUOOPOM /1151 TPOLeAYp, sIKi BUMararoTh BU-

Tabnuusa 1

Tpusanicms MOMOpPHO20 610Ky Ma onepamugHo20 8Mpy4YaHHs

cokoro piBHA aHecTe3ii, Takux gk EBJIA, ctpuniur, mi-
HidsiebekToMiss. OZHAK 1IeH MeTOo/ MOoXe 6YTH TeXHIYHO
CKJIAZHIIINM i MaTH GIIBIIMH PU3UK YCKJIaJHEHb, TAKUX
sIK TUM4YacoBa M’sI30Ba CJIa6KIiCTh Ta TPUBAJHUU MOTO-
pHUH 6JI0K. Y HaLIOMY AocaifkeHHi y 2 manieHTiB (10
ctaHoBuJI0O 8 %) crocTepiraBcs TpPUBAIUKA MOTOPHUH
6s10k noHaz 310 xB [12], ocKibKH GJIOKYIOTHCS /1BA He-
PBHY, SIKi MiCTATb MOTOPHI HEUPOHMU.

Bsiokaza n. femoralis Ta n. saphenus € npocriuiorw y
BUKOHaHHI, aJie il epeKTUBHICTb 06MexKeHa Yyepe3 Herlo-
BHe 3He6O0JIeHHsI B JlesIKUX BUMajKax. lleit MmeTon Moxke
OyTH OiNbII MiAXOAAIUM JJIS MEHII iHBa3WUBHUX MPO-

MNokasHukK fpyna A (n=25) lpyna b (n=25) P CraTucTMyHMin MeToa/Tect
TpuBanicTb onepauii (xB) 90,0 (85,0-100,0) 100,0 (85,0-100,0) 0,17 MaHHa-YiTHi
I)E’:)Ba”‘”b MOTOpHOro 610Ky 300,0 (180,0) 220,0 (200,0-240,0) <0,01 MaHHa-YiTHi
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Tabnuusa 2
Memoduka ouiHku MomopHozo 6noky [12]

Hasea HepBa Pyxu ms3is

Po3ruHaHHg B KoniHHOMY cyrno6i
m.quadriceps femoris

1 - HEMOXNMBICTb PO3irHyTW HOTY B
KONiHHOMY cyrnobi

2 - MOX/IMBICTb PO3rMHAHHA 3HUXKEHA
3 - Maui€HT aKTMBHO PO3rMHAE HOry B
KONIHHOMY Cyrnooi.

n. Femoralis

Pyxu B romMinkoBo cTynHeBOMy Cyrno6i

1 - HemMoXnMBiCTb pyxiB y FOMiNKOBO-CTYyM-
HeBOMY cyrnobi.

2 — Pyxu B romMinkoBo-CTynHeBoMy cyrnobi

obMexeHi.

3 — AKTVBHI pyxu B rOMiNIKOBO-CTYMHEBOMY
cyrnobi.

n. Ishiadicus
fossa poplitea

Po3ruHaHHg cronu
m.Gastrognemius

n. Tibialis 1 - HEMOX/IMBICTb PO3irHyTK CTONY
2 - po3rMHaHHs cTonu obmexeHe
3 — pO3rMHaHHSA CTOMW B MOBHOMY OG€EMI
3ruHaHHgA cTonu

n. Peroneus m.peroneus longus

communis 1 - HEMOX/IBICTb 3rMHAHHS CTOMM

2 - 3rMHAHHA cToNK obMexeHe
3 — 3rMHAHHSA CTOMU aKTUBHE

ueanyp, Takux sk EBJIA, cknepoTepanisi, MiHipebekTo-
Misi (BapuKO3HI BEHU 3HAXOASThCS B 30HI iHepBaulii n.
femoralis Ta n. saphenus).

TakuM 4yKMHOM, 6J10Ka/Zja HEPBIB 3a/IMIIAETHCA BAXKJ/IHU-
BUM iHCTPYMEHTOM y 60pOTbOi 3 60JIbOBUM CHHAPOMOM
Ta XipypriyHuM CTpecoM, IpoTe He J03BOJISIE NOBHICTIO
BiZAMOBUTHCA BiJi HADKOTUYHUX AHANITETUKIB. Y LIbOMY
koHTeKcTi (EBJIA, MinidiebekTOMis]) MU BUKOPUCTOBY-
Basu 1 % nigokaiH, AKUK € ONTHUMaJbHUM BUOOPOM JJis
aHecTe3il 3aB/IsIKY HU3Li KJI0YOBUX IlepeBar: LIBUAKOMY
noyaTky fii (3-5 XBUJIMH) Ta BiIHOCHO KOPOTKil TpUBa-
jocti edekty (4-5 rogun) [11], uo MiHiMizye MOTOpHUH
6J10K. Lle 0c06JIMBO BaXKJIMBO, aJKe MalieHTH micas EB-
JIA Ta MiHipaebGekTOMil MalOTh OyTH SKHAWLIBUJLIE
akTuBi3oBaHi. Lli xapakTepucTuku pobasaTh Horo ife-
aJIbHUM /111 KOPOTKOYACHUX BTPY4YaHb, KOJU BaXK/JIHUBO
3a6e3neyuTy edeKTUBHe 3HeOGOJIeHHA 6e3 TPUBAJIOro
06MeKeHHsI pyXOBOl akTUBHOCTI manieHTa [11].

KniniuHe 3acTocyBaHHs. Bubip MeToay 6/10Kanu 3a-
JIEXXUTD Bifi XapakTepy NpoLeAypH, LOCBiy JiKapa Ta
iHAuBiAyasbHUX oCcOOJUBOCTEN maljieHTa. s manieH-
TiB 3 BUCOKUM PiBHEM TPUBOXHOCTI a60 3a HeobxiAHOC-
Ti TpuBasoro 3He60JIeHHs1 PeKOMEH/JYETbCS BUKOPHUC-
TOByBaTHU 6Jiokazy n. femoralis Ta n. ischiadicus (fossa
poplitea). /[lns KOpoTKHUX MpoueAyp abo mMalieHTIB 3
HU3BKUM piBHEM 60JII0 MOXe OyTHU JOCTAaTHbLO 6JI0KaAU
n. femoralis Ta n. saphenus.

BHCHOBKM:

1. Bsiokazga (n. femoralis) Ta (n. ischiadicus fossa
poplitea) € 6isb1I edeKTUBHUM MeTOAOM AJs1 3a6€3-

NeyeHHs TPUBAJIOTO Ta IVMIMOOKOTO 3HE6OJIeHHs Mij

yac EBJIA Ta miHidie6ekTOMii, ajle BUMarae BUCOKO-

ro piBHSI MallCTepHOCTI JiKkaps.

2. Bnokaza (n. femoralis) Ta migmkipHoro (n. saphenus)
€ MPOCTIIOI0 a/bTEPHATHUBOIO, ajie MOXKe OYTH He-
JOCTAaTHBOK JJI NALi€HTIB MPY MOIIMPEHHI Bapu-
KO3HUX BY3JIiB 3a MexXi iHHepBamii n. femoralis Ta n.
saphenus Ta naui€eHTiB 3 BUCOKUM PiBHEM 0OJIIO.

3. JIoKaZja HepBIB - Ije BaXKJIMBUH, ajle He caMOJ0CTaT-
Hill MeToz, i ii 3acToCcyBaHHSI He BUKJIIOYA€E HEOOXi-
HOCTI A,0/1aTKOBOI iHTpaonepaliiiHoi aHaJresii.

4. Bubip MeToay aHecTe3il HOBUHEH I'PYHTYBATHUCS Ha
iHAMBiAyabHUX 0COBJMBOCTSX MAlliEHTA, XapaKTepi
npoueAypH Ta LOCBiAi JiKap4.

IlepcnieKTUBY NMOAAJIBIIUX AOCTigAXKeHb. HeoOxif-
He MojaJblie NMPOBeJEHHS JOC/i/pKeHb perioHaJbHOI
aHecTe3ii i KOHTPOJIEM YJIbTPa3BYKY. [lepcneKTUBHUM
€ ONTHMIi3aris nepionepaniiHoro 3He60JIeHHS Malli€H-
TiB 3 CyAUHHHMMHU 3aXBOPIOBAaHHAMHU HMXKHIX KiHIIiBOK
3a paxyHOK perioHapHUX METO/iB aHecTe3il MmiJ KOHTp-
0JIeM YJBTPA3BYKy 3 BUKOPUCTAHHA MiKdacliaJbHUX
6JI0KiB Ta GJIOKIB HEPBIB.

KoHikT iHTepeciB. ABTOpu miATBEPKYIOTDb Bij-
CyTHIicTb KOHQUTIKTIB iHTepeciB. Bci aBTOpHU Aa1u 3roay
Ha Ny6JIiKaLiio IbOro pyKonucy

Indopmanisa npo ¢piHaHcyBaHHA. HagaHi pykonucu
po60TH BUKOHAHI 32 paxyHOK Jiep>kaBHOro ¢piHaHCYBaH-
Hs B MeXax HayKOBO-/10C/TiAHOT pO6OTH.

JloTpuMaHHA eTUYHUX HOPM. ABTOPH JOTPUMYIOTb-
¢ HopM lesibciHCbKOI fekapauii BcecBiTHBOI Meju4HOT
aconianii, a Takox MiXXAUCUUIJIIHADHUX HOPM Ta perJa-
MEHTYI04Or'0 IMOJIOKEHHS 110/J0 BUKOPUCTAHHS TBAapUH
y AOCJi/PKeHHAX, TeCTYBaHHAX Ta OCBITHIX Mporpamax,
sIKi oMmy0JTiKOBaHi BiZIMOBIIHUM KOMiTeTOM, SIKWM 3akiMa-
€TbCA J0CIi/PKEHHAMH Ha TBapHHax npu AkajieMii Hayk
y M. Hbto-Mopk. HajiaHi pyKomucu poGOTH CTOCYIOThCH
Mali€HTIB Ta NiATOTOBJIEH] BINOBIIHO /10 ETUMHUX HOPM.

JaHe mociimkeHHs OyJ10 MPOBEEHO BiMOBiZHO 0
MPUHIMIIB, BUKJaAeHUX y [e/IbCiHKChbKIN Aeknapaliii.

[lepen mo4yaTKOM JOC/I)KEHHSA BCi yYaCHUKU OTpHU-
MaJId BUYEpNHY iHdopMaliio Mpo MeTy, METOZH, MOX-
JIMBI pU3UKU Ta llepeBary y4yacTi. Y4acTb y JOC/IiKEeHHI
I'pyHTyBasiacsl Ha MPUHIMII MoiHpopMoBaHoi 3roay, i Bci
PEeCIoH/IeHTH NiAnKcany BiANoBigHY popMy 3rofu nepes,
360pOM JaHUX. YYaCHUKH MaJsIk NMPaBo y OyAb-IKUI Mo-
MEeHT Bi[]MOBUTHUCS Bifi y4yacTi 6e3 MOsSICHEHHs NMPUYUH.
Y BUNAAKYy AOCTIIKEeHHS 33 y4acTH HEMOBHOJIITHIX abo
0Ci6 3 06MeXXeHO Ai€3/1aTHICTIO0, MoiHPOpPMOBaHa 3rozia
OyJsia OTpUMaHa Bifl iXHiX 3aKOHHHUX MPeICTaBHUKIB.

BiamoBigHO mo0 HOpM KoHizeHmiHOCTI, yci maHi
Oysau 3i6paHi aHOHIMHO Ta 06pO6JIeH] 3 JOTPUMaHHAM
YMHHOI'0 3aKOHOJABCTBA L10/I0 3aXUCTy NMepPCOHaJbHUX
JlaHWX, BKJIIOYAl04YM 3arajJbHUM perJiaMeHT 3axUCTy
naHux (GDPR), nss1 3abe3nedyeHHs] 3aXUCTY OCOOHCTOI
inpopmanii. Yca indpopmallis BUKOpHUCTOBYBajacs BU-
KJIIOYHO B paMKax IIbOTO JOC/Ti/PKeHHS Ta OyJia y3araJib-
HeHa /1Jd I0JaJIbIIOro aHali3y pe3y/bTaTiB
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Regional Anesthesia Methods Under Ultrasound Guidance for Endovenous Laser Ablation
and Miniphlebectomy

Vitalii S. Myrona, Volodymyr I. Cherniy
State Institution of Science «Center for innovative healthcare technologies» State Administrative Department, Kyiv, Ukraine

Abstract

Comparative effectiveness of the combination of n. femoralis and n. ischiadicus fossa poplitea block with
n. femoralis and n. saphenus block under ultrasound control in endovenous laser ablations and mini-phlebectomy.

Aim. To conducta comprehensive comparison of two regional anesthesia techniques regarding their effectiveness,
safety, and clinical feasibility in the minimally invasive treatment of lower extremity varicose veins.

Materials and Methods. A prospective randomized study was conducted involving 50 patients, divided into two
groups: Group A (femoral and sciatic nerve block in the popliteal fossa, n = 25) and Group B (femoral and saphenous
nerve block, n = 25). All procedures were performed under ultrasound guidance using 300 mg of 1 % lidocaine
hydrochloride solution. Intraoperative pain (VAS scale), hemodynamic parameters, duration of motor block, and
perioperative cortisol level dynamics were assessed.

Results. Group A demonstrated a significantly longer duration of anesthesia and motor block - 300.0 (180.0)
minutes - and provided better analgesia of the posterior lower leg. In contrast, Group B was associated with a
shorter duration of motor block - 220.0 (200.0-240.0) minutes. The level of intraoperative pain (VAS) showed no
statistically significant differences between the groups. However, to achieve adequate analgesia, patients in Group B
required higher doses of fentanyl compared to those in Group A.

Conclusions. Both methods are effective and safe options for anesthesia during EVLA and miniphlebectomy. The
combination of femoral and saphenous nerve blocks is optimal for routine procedures due to its technical simplicity
and shorter execution time. The combination of femoral and sciatic nerve blocks in the popliteal fossa is recommended
for complex cases requiring prolonged analgesia. Ultrasound guidance ensures a high level of safety for both techniques.

Keywords: regional anesthesia, endovenous laser ablation, mini-phlebectomy, femoral nerve blockade, sciatic nerve
block, saphenous nerve block, ultrasound control.
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2[1Y «HaykoBO-NpakTUUHMI1 MEAMYHMIA LLeHTp Kapaionorii Ta kapaioxipyprii MO3 Ykpainu», M. Kuis, YkpaiHa

Mepwunii pocBip Ta cepeaHbOCTPOKOBI Pe3yIbTaTh 3aCTOCYBAHHSA
enekTponopauii y nauieHTis 3 pibpunsuiero nepeacepab

Pe3ome

Beryn. EnexkTponoparisi Ha CbOro/iHi BBaXKa€TbCsl HAWGiJIbII 6€3MEeYHUM METO/IOM KaTeTEPHOr0 JIiKYBaHHSA
bi6pusanii nepeacepapb. BogHovac ne HalHOBIMI MeTo/. B YkpaiHi Taki BTpy4aHHS [04ald BUKOHYBaTH
JIMLe MUHYJIOTO POKY, BIleplle — y HalllOMy LieHTDi.

MeTa. [IpocTeKUTHU cepeJHbOCTPOKOBI pe3yabTaTU KaTeTepHoro JiikyBaHHsA ¢i6pusanii nepegcepnb (PI)
MeTO/J0M HEe3BOPOTHOI esieKTponopaii.

Marepiaim Ta MeToAHM. Y rpyni 6ys10 48 nauieHTiB, npoonepoBaHux y HaykoBo-IpaKTUYHOMY MeJMYHOMY LieH-
Tpi KapaioJiorii Ta kapaioxipyprii MO3 Ykpainu B nepios 3 01.03.2024 o 26.02.2025 p. 3 BUKOPUCTAHHAM abJ1s1-
niriHoi cuctemu FARAPULSE™. [3 6 nauieHTaMu 3B’s130K 6yJs10 BTpayeHo. MU Ipe/iCTaB/IsIEMO CEPeHbOCTPOKOBI
pe3y/bTaTH 3aCTOCYBaHHs ejiekTponopauii y 42 nanieHTiB 3 pisuumu popmamu PI1. [lapokcusmanbHa dopma
6ysa y 33 (78,6 %) nauienTis. XKiHok 6ys10 11 (26,2 %). [Ipu nepcuctyrodiit dopmi PII, nogaTkoBo 10 i30s1ii
JIETEHEBHX BEH 3a LIi€10 CaMOI0 MeTOMKOI0, BUKOHYBaJIACA 130J1A11i 3aIHBOI CTIHKH JIIBOTO nlepeJicepas.
Pe3ynbraTu. Yac criocTepexkeHHs CTAaHOBUB 6,6 + 3,4 Micaus (Big 2 go 13 micauis). CHHycoBUM pUTM 36epircs
y 26 3 33 (78,7 %) nanieHTiB i3 napokcusmanbHo ¢popmoro PII. fAkiujo He BpaxoByBaTu nepiinx 10 namieH-
TiB, TO CUHYCOBUN pUTM 36epirca y 19 3 23 (82,6 %). [3 Hux 4 nauieHTu (21,0 %) NpoAOBXKYOTb NIpUNMaTH
AHTUApUTMIi4HYy Tepamnik.

[Ipu nepcucryrouiit popmi ®@II cuHycoBuii puTM 36epircsa y 6 3 9 nauieHTiB (66,7 %), i3 HUx 4 (66,7 %) npojo-
BXYIOTb IPMMMATH aHTUApPUTMIYHI penapaTu. Y 1 nanieHTa nepcucTye aTUNOBe TPINOTIHHA Nepefcep/b, B
iHmoro € yacti napokcusmu ®II, e B ogHOTO 36€epiraeTbes nepcuctennis PII. Y nepuiux 4 naiieHTiB CHHYCO-
BUU PUTM yTPUMYBABCS ¥ TIOJIOBUHH, Y HACTYNMHUX 5 -y 4 (80 %).

3araJsioM nokpaieHHs BigzHauuau 34 (81,0 %) nanieHTH.

BucHoBKH. [lepuii BiacHi pe3ysbTaTH 3aCTOCYBaHHs ejieKTponopauii B jiikyBaHHi PII € 06HaAiHIMBUMU SIK
MpHU JIIKyBaHHI MapOKCU3Ma/IbHUX, TaK i HenmapokcuaManbHux ¢popm OII. HeobxifHO i jasi NpoBOgUTH MOA-
OHi FOoCiPKEeHHS, 301/IbLIYI0OYM YU CJIO MALIEHTIB 1 4ac cCiocTepeXxeHHs.

Karouoei caoea: kamemepHa decmpyKyis, i3045yisl 1e2eHe8UX 8€H, KpUu8a HAB8YAHHS, A6ASYii iMNy16CHUM Nno-

JA1eM, peyudus apummii.

Bcryn. KaTeTepHa a6.is11isl € eGeKTUBHOMO Y MALliEHTIB
i3 CMUMIITOMaTHUYHO, pePpPaKTEPHOIO 10 MeJMKaMeHTO03-
Hoi Tepanii pibpunsuieto nepeacepas (PI1) [1]. Tpusana
Ta Ge3NevyHa 13014151 BCiX JilereHeBUX BeH 3a/IMLIAETHCS
CKJIaIHUM 3aBJJaHHAM [2], He3BaXKalo4M Ha TeXHi4Hi BJl0-
CKOHaJIeHHs], 30KpeMa BIIPOBa/KeHHs KPio6a/lOHHUX Ka-
TeTepiB [3], 3pollyBaHUX PaZiioyacTOTHUX KaTeTepiB Ta
KaTeTepiB /i a6l 3 JaTUNKaMU TUCKY [4].

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

Ha BigMiHy Big TpaguuiliHUX TepMiuHUX MeTOAIB,
abJsdLis IMOYJbCHUM MOJIEM CTBOPIOE HeTepMiuHe
YILKO/PKEHHS TKAaHWH Ceplis yepe3 MeXaHi3M He3BOpOT-
Hoi esiekTpomnopauii [5]. 3aBAsKU Gi/lblI CeJIEKTUBHOMY
BIJIUBY Ha TKaHUHU MOPIBHSHO 3 TEPMIYHUMHU MeToO/a-
MM, abJA1is IMOYJIbCHUM I0JIeM NMOTEHLIHHO Ma€E MeH-
IIUH PU3UK MOLIKO/PKEHHSI KoJlaTepalbHUX CTPYKTYP,
110 MOXXe IMPU3BECTH /10 TaKUX YCKJIAJ[HEHb, SIK CTEHO3
JereHeBux BeH (JIB), aTpiocTpaBoxifna ¢icTysna Ta mno-
CTiHUM napaniu AiadparmaibHOro HepBa, Mpu 36epe-
>KeHHi eQeKTUBHOCTI BTpy4aHHs [6].

[ToyaTKOBI KJIIHIYHO KOHTPOJIbOBAaHI JOCJIiJ>KeHHS,
SIK BU/JAETHCS, MIATBEPIAKYIOTh ePEeKTUBHICTD 130151l
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JIereHEBUX BeH HA OCHOBI abJiAil iMIOyJIbCHUM TOJIEM,
JleMOHCTPYIOYH BiJHOBJIEHHS IPOBEJIeHHS 3 JlereHeBUX
BeH y 4 % BeH (16 % narjieHTiB) uyepe3 90 aHiB Ta Bif-
CyTHICTb Oy/ib-siKOi nepecepaHoi Taxikapzii y 85 % na-
mieHTiB [7].

Baxx/11MBoO10 € 11 BiJHOCHA IPOCTOTA NPOBEIEHHA PO-
L elypH, 110 A03BOJISE esleKTpodisiosory 3 BiamoBigHUM
JIOCBiJIOM IOYaTH OTPUMYBATH CTabi/NbHI pe3ysbTaTH
micasi BUKOHAaHHA npu6sau3Ho 30 mpoueayp (KpvBa Ha-
BYaHHA) [8].

B Vkpaini abssio iMOyJbCHUM MOJIEM yIiepiie Mo-
yaJd BUKOHyBaTH B Oepe3Hi 2024 poky y Haykoso-
NIPaKTUYHOMY MeJHUYHOMY LIeHTpi KapZioJsorii Ta Kap-
Jioxipyprii i3 3acTtocyBaHHSM aGuALiIMHOI CHUCTEMH
FARAPULSE™.

MerTa. I[IpocTexuTy cepeJHbOCTPOKOBI pe3ysbTaTH
KaTeTepHOro JikyBaHHs1 ¢iopuasanii nepeacepab (PI1)
MeTO/I0OM abJALil iIMIyJIbCHUM eJIeKTPUIHUM I0JIEM.

Marepiaau ta metogm. Y nepion 3 01.03.2024 no
26.02.2025 p. y HaykoBo-mpakKTUYHOMY MeAUYHOMY
LeHTpi kapaioJsiorii Ta kapaioxipyprii MO3 Ykpainu 6yso
MpoonepoBaHo 48 nmalieHTiB i3 3aCTOCYBaHHAM IMNYJ/Ib-
CHOTO eJIEKTPUYHOIO IOoJisi Ta abJsAnidHOro KateTrepa
Farawave® PFA. I3 6 nanieHTamMu 38’430k 6y/10 BTpaye-
Ho. [IpeAcTaBieHO cepeHbOCTPOKOBI pe3y/bTaTHU 3a-
CTOCYBaHH{ eJleKTponopauii y 42 nanieHTiB i3 pisHUMU
dopmamu OII.

BTpy4yaHHa npoBojusOCA B YMOBaxX eHJOTpaxealb-
HOTO Hapko3y. BukoHyBasack KareTepu3alisi 060X IJTH-
OOKHX CTerHOBUX BeH: mpaBopyd - 9 F, niBopy4y - 7 E
[IpoBoauacad oAMHApHA TpaHCCeNTaJbHAa MYHKLIA 3a
CTaHAAPTHOI0 METOAUKOIO MiJi KOHTPOJIEM Yepe3CTpPaBo-
xizHoi exokapaiorpadii (ExoKI"). B iHTpoarocep BBOJUBCA
renapuH y J103i, o Bu3Hadasiacs pisHeM ACT (modaTkoBa
nmo3a - 100 Oa/xr, nibOBUH MoKa3HUK — moHa 300 c).
[IpodisakTHUYHO BHYTPIIIHLOBEHHO BBOJMBCS aTPOiH.

Jasi dyepes MixnepejcepAHy INepeTUHKY 3aBOJUB-
cs1 KepoBaHui inTpoxatocep FARADRIVE™ (13 F), uepe3
SKHUH y JiBe mepezcep/is BBOAUBCSA a0/IALIMHUN KaTeTep
FARAWAVE™. ¥ rupJii Ko>kHOI JiereHeBOi BeHH HAaHOCH-
Jiics 4 BIUIMBY B KOHQirypanii «komuka» Ta 4 BIUIUBY B
koH®irypanii «kBiTku» (prcyHox 1). [licsis KoXKHUX 1BOX
BIJIMBIB 3/1ilicHIOBaBCsI MOBOPOT Ha 30°.

[Ipu nepcucrytouit popmi PI1 fomaTkoBO f0 i30T
JIeTeHEBUX BEH THM CaMHUM KaTeTepoM y KOoHoirypamii
«KBITKHM» BUKOHYBaJlacAd 1301514 3aHbOI CTIHKH JIiBO-
ro nepezacepas. Ko puTM He BiJHOBJIIOBABCS, IPOBO-
Juyacd CUHXpPOHI30BaHa KapzioBepcid. Ilicia BigHOB-
JIeHHS CHHYCOBOI'O PUTMYy 3JilCHIOBasacs INepeBipka
HasIBHOCTi peKOHEKIIil JlereHeBUX BeH. 3a Heo6XiAHOCTI
y BiANOBIAHUX AiINIIHKAaX rMpJia JereHeBUX BeH HaHOCHU-
JIUCA 01aTKOBI BIJIMBH.

3a HagBHOCTI CYyNyTHBOTO iCTMYC-3aJIe)KHOTO TpiIo-
TIHHA Nepejceplb, a TAKOX y BCiX NALIEHTIB i3 Hena-
pokcu3ManbHOO ¢popmoro PII, BUKoHyBanack 6s10Kaja
MpOBeJieHHS 10 KaBO-TPUKYCIiJaJIbHOMY [TepelInunKy 3a
JIOIIOMOT0}0 PaJiioyacTOTHOIO KaTeTepa 3 AUCTaJIbHUM
eJIeKTpoZ,oM 8 MM. 3aCTOCOBYBaJIUCA TOYKOBI amikaril
noTyxHictio 70 BT i3 njiiboBoto TemnepaTtypoto 55°C Ta
TpuBaJicTio 40 c.

Y wmicui  pgoctyny
FARADRIVE™ 3 wMeTo10
[I-moxi6HMH 110B.

PesysnbraTH. I[lapokcuamanbHa d¢opma 6Gyna y
33 (78,6 %) manienTi. XKinok - 11 (26,2 %). Cepenniit
Bik cTaHOBUB 57,9 * 6,8 poky.

CepenHili yac nepeGyBaHHs y JIIBOMY NepeJicep/i cTa-
HoBuB 0,9 + 0,2 rogunuu (Big 0,5 10 1,5 rogunu). Cepennii
Yyac peHTreHeKcno3wuilii — 16 + 4 xB (Bix 9 0 26 XB).

[30s15111ii iereHeBuX BeH pocsirnyTo y 100 % Bunaa-
KiB. Ycksa/lHeHb He 3adiKcoBaHO. 3arajibHi MOKa3HUKH
HaBeJleHi y Tabuuui 1.

KepoBaHOTO
reMmocrasy

IHTpoAOCEpa
HaKJa/JaBcs

PucyHok 1. AbnsyitiHuli kamemep FARAWAVE™ g nonomeHHi «KOWUK» | «K8imKax.
Ti X cami NosI0HEHHS Ha peHmaeHo2pami
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Ta6bnuusa 1

3aeansHa xapakmepucmuka nayieHmis, skum byna
nposedeHa abnauis iMNyIbCHUM e1eKMpUYHUM nosieM, ma
napamempu npouedypu

Mapametp 3Ha4yeHHs
Bik, pokiB 57,9 £ 6,8 pokis
XiHoK, n 11 (26,2 %)
OB, % 588+24
Po3zmip JIM*, MM 430+40

MapokcusmanbHa dopma @l 33 (78,6 %)

25 (59,5 %)

linepToHiyHa xBopoba

CepepHin Yac nepebyBaHHs y NiBOMY

A 0,9 £0,2 rognHu
nepencepai

CepefnHin yac peHTreHekcnosumuii 16 £ 4 xs.
I30n5Li9 nereHeBUX BeH 100 %
[30/151Li51 334HBOI CTiHKM 9 (21,4 %)

CTBOpeHHﬂ 6nokaam NnpoBeEAEHHA MO

\ A 16 (38,1 %)
KaBO-TPMKYCNI1A4a/IbHOMY NepULLINKY

CuHycoBwuit puTM 36epircs:

Npu NApOKCM3ManbHin popmi 26 (78,7 %)

6 (66,7 %)

npu NepCUcTytouin hopmi

Ipumimxku: ®BJII - ppakuis Bukuy giBoro ntyHouka; JII1 - siBe
nepezacepas.

Cepe/iHil yac cnocTepeXeHHs CTaHOBUB 6,6 * 3,4 Mi-
canga (Bifg 2 go 13 micsaniB). CuHycoBul puTM 36epircs
y 26 i3 33 (78,7 %) nanieHTiB 3 napokcusaManbHoi PII.
fAkwo He BpaxoByBaTU nepiuux 10 mayieHTiB, TO CUHYCO-
BUH puTM 306epirca y 19 i3 23 (82,6 %). I3 Hux 4 nanien-
T4 (21,0 %) TpoJOBXKYIOTh NPUUMATH aHTUAPUTMIYHY
Tepallilo.

[Ipu mnepcucrytouii ¢opmi DIl cuHycOoBUH pUTM
36epircsa y 6 i3 9 nanienTiB (66,7 %), 4 i3 HUx (66,7 %)
NPOJOBXYIOTh NPUWMaTH aHTHUAPUTMIYHI NpenaparTu.
Y opHOro nauieHTa MepcUCTy€E aTUIIOBe TPIMOTIHHA Ile-
pezcepzb, y iHoro HasaBHi yacti mapokcusmu @II. Ille
B OJHOTO TallieHTa 36epiraeTbcs nepcucrennis OI1. Y
neplinx 4 maiieHTIB CUHYCOBUH PUTM YTPUMYEThHCS y
MOJIOBUHY, y HACTyNHUX 5 - y 4 (80 %).

3arasiom nokpaileHHs BifzHavawTh 34 (81,0 %) na-
LIiEHTH.

YcknagHeHb He criocTepiranocs.

O6ropopeHHs. CiiJi 3a3HaUYUTH, L0 MpeJCTaBIeHa
rpyna nauieHTiB 6yJsia mpoomepoBaHa Xipyprom, siKuu
MaB BeJIMKUH JJ0CBifl paiioyacTOTHUX KaTeTepPHUX Mpo-
neayp PII, ase He MaB 0COGUCTOrO JOCBily TPOBEJIEHHSA
KaTeTepHUX NPOoLeAyp i3 BUKOPUCTAHHAM IMIIyJbCHOIO
eJIeKTPUYHOro noJjisl. He3Baxkalouu Ha Lie, pe3y/bTaTH
JIIKyBaHHS € JOCUTb 0O6HA/[INJTUBUMH.

BaKJINBMM [TOKa3HUKOM € ePpeKTHBHICTb POLELYPH.
Metzner 3 KoJieraMH OTPHYMaJIH 3arajibHy epeKTUBHICTb

CnHCOK BUKOPHCTAHUX JXKepeJa
References

66,6 %. HeBmauero BBakasucst: peruaus OII, HeoOXif-
HiCTb BUKOPHCTAHHS aHTHAPUTMIYHUX MpenapartiB I/
Il kJsaciB, moBTOpHA abJISAIisT Ta BUKOPUCTAHHS aMi-
omapoHy [9]. llel moka3HWK NMOAIOHHUUA Z0 3BiTiB II0-
[0 IHIIMX MNPHUCTPOIB i3 BUKOPUCTAHHAM IMIYJbCHOTO
esJleKTpuyHoro noJsfA. Hampukiaag, Verma 3 koseramu
[1] moBimomMuiu npo ebeKTUBHICTD 66,2 % y NMali€eHTIB
i3 mapokcuamasbHow PII y gocaimkenni PULSED-AF, a
Duytschaever 3 kosieramu [10] moBigomMuiu npo BiAgmo-
BigHuM nmokasHuk 70,9 % y pocaimxenni INSPIRE. Caig
3a3HAYUTH, 110 B [IUX JOCAIPKEHHAX BUKOPUCTAHHSA aH-
TUApPUTMIYHHUX NpenapaTiB He BBa)Kaj0Csd HeraTUBHUM
pe3y/abTaToM, i TOMy BOHM MOXKYTb MaTH O4€BU/IHY «BU-
my» edeKTUBHICTDb, HiXK AOCJIiPKeHHs], OAIOHI 0 THX,
Jle BUKOPHUCTAaHHS aHTUapUTMIYHUX NpenapaTiB OLiHI0-
BaJIH SIK 03HAKy HeeeKTUBHOCTI MpoLeaypH.

Y HawoMmy pgociifgKeHHI YTpUMaHHS CHHYCOBOTO
PpUTMY Mic/is NpOBeAeHHS NpOLeAypH, Y TOMY YUCII | 3
BUKOPHUCTAaHHAM aHTHUApUTMIYHOI Tepamii, BpaxoByBa-
JIOCS K MO3UTUBHUM pe3ysabTaT. Clif TakoX 3ayBaKu-
TH, 1[0 y BUIE3raJjlaHux JOCHi[PKeHHAX cepefHil Tep-
MiH crocTepeXeHHs ckJaZaB 1 pik, ToAi K y Halomy
JOCJIi/KeHHi — 6 MicA1liB.

BuieBKkasaHi pe3yJbTaTH MPUOJIU3HO TaKi X, K y
JIOCJTi/PKEHHSIX i3 BUKOPUCTAHHSM ITSITUNENIOCTKOBXM
KaTeTepiB (K i B HamoMy gociimkenHi). Hanpukaaz,
peectpu MANIFEST [11] Ta EUPORIA [12] noBizoMuau
npo edexTuBHicTb 73 % Ta 78 % BiAMOBiAHO, a paH/0-
MizoBaHe kJiHiuyHe pocaimkeHHs ADVENT moBimomusio
po 3arajibHy epeKTUBHIicTb 73 % [13].

BaX/IMBUMU € TaKOX METOAU peecTpalil pUTMy Iic-
Jisl IPOBE/IEHOTO JIIKYBaHHS, 6araTo 3 sIKHX HaM Oysu
HepocTynHi. OJHaK MalieHTH 060B’SI3KOBO MPOXOAUJIN
KOHCYJIbTAl[il0 B Hallik KJiHIiLi yepe3 3 Micani micas
mpoleaypy, MOCTIHHO HiATPUMyBad 3B'SI30K i3 JIiKy-
I0YUM KapAioJIoroM Ta MOBiJOMJIAJINA PO BUHUKHEHHS
aputMii. [ltaHoBo mpoBoguIoCs 1060Be X0aTepiBChbKe
MoHiTopyBaHHs EKI 4epes 1, 3 Ta 6 micAuiB nicas npo-
LeAypHy. 3Bakaloyd Ha Te, 1[0 NPAaKTUYHO BCi NalliEHTH
BiZiuyBa/d apuTMilo 10 TPOLeyPH, BUMIaAKU OPYILIEH-
HA PUTMYy DPEECTpPyBa/MCA JAOCUTb aJieKBaTHO. Xoua,
MOXKJIMBO, YaCTMHA NApPOKCU3MIB TaxiKapzil 3ajuiasia-
€51 03a HallOolo YBaro.

0O6MexxeHHA. Jloc/ti/PKeHHS TPOBO/IUJIOCH HA HEBEJTH-
Kili rpyni nanjieHTiB, B KODOTKHUM TEPMiH CIIOCTEPEKEHHS,
3 BUKOPHUCTAHHSIM MiHiMaJIbHO HEOOXiZHOTO HAbopy 06-
JIaJIHAHHA [1J1 BUABJIEHHA NIOPYLIEHb PUTMY CepL.

BucHOBKHM. [lepiui pe3ysbTaTH 3aCTOCYBaHHA eJleK-
Tponopartii B sikyBaHHi @Il € 06HAAINJIUBUMU K IPHU
JIIKyBaHHI MapoKCU3MaJIbHUX, TaK i HelMapoKCH3MaJlb-
Hux popm PII. HeobxigHo i gasi mpoBoguTH MoAiOHI 10-
CJTipKeHHS, 301/TbIIYIYHM YMCJI0 Talli€EHTIB i yac crocTe-
peXxeHH4.
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Early and Mid-Term Outcomes of Pulsed Field Ablation in Patients with Atrial Fibrillation

Olexandr V. Doronin?, Maryna S. Meshkova?

1 Shupyk National University of Health Care of Ukraine, Kyiv, Ukraine
2 State Scientific and Practical Medical Center of Cardiology and Cardiac Surgery, Ministry of Health of Ukraine, Kyiv, Ukraine

Abstract

Introduction. Pulsed field ablation (PFA) is emerging as a safe and effective non-thermal approach for catheter-
based treatment of atrial fibrillation (AF). It selectively targets cardiac tissue while reducing the risk of collateral
damage. In Ukraine, this technology was introduced in 2024.

Aim. To evaluate the early and mid-term outcomes of PFA in patients with different forms of AF treated at a single
Ukrainian center.

Materials and Methods. A total of 48 patients underwent PFA between March 2024 and February 2025 using
the FARAPULSE™ catheter. Remote follow-up data were obtained for 42 patients (33 with paroxysmal AF and 9 with
persistent AF). All procedures were performed under general anesthesia following a standardized ablation protocol.
For persistent AF, additional posterior wall isolation was performed. Key procedural metrics and rhythm outcomes
were documented.

Results. The mean follow-up duration was 6.6 *+ 3.4 months. Sinus rhythm was maintained in 78.7 % of patients
with paroxysmal AF and in 66.7 % of those with persistent AF. Among the latter, 67.1 % continued antiarrhythmic
therapy. No procedural complications were reported. Overall symptomatic improvement was noted in 81.0 % of
patients. The efficacy rate aligns with international multicenter trials, such as PULSED-AF and INSPIRE.

Conclusions. Initial experience with pulsed field ablation in Ukraine demonstrates promising results for both
paroxysmal and persistent AF. The procedure proved to be safe and effective, even during the operator’s learning
curve. Continued research with extended follow-up and larger cohorts is warranted to validate long-term efficacy.

Keywords: atrial fibrillation, pulsed field ablation, catheter ablation, pulmonary vein isolation, arrhythmia
recurrence, learning curve
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Y «HauioHanbHWI IHCTUTYT cepueBO-CyAMHHOIT Xipyprii imeHi M. M. AMocoBa HAMH Ykpainu», M. Kuis, YkpaiHa

ABTOHOMHI eeKTU KaTeTepHOI paaiovacToTHOI abnauii isonsauii nereHeBnx
BEH 32 METOAMKOI BUCOKOI NOTY)XXHOCTi Ta KOPOTKOI TPMBaNOCTi

Beryn. KatetepHa abusnis isounsnii sereneBux BeH (1JIB) € 30/10THM cTaHJapTOM JIiKyBaHHS MAali€HTIB i3
CUMIITOMATUYHOO, pedpaKTepHOIO A0 MeJUMKaMeHTO3HOI Tepanii, ¢ibpunsauiero nepeacepnb (PII). Bnius
KaTeTepHOI a6/l Ha aBTOHOMHY HEPBOBY CHUCTEMY, 30KpeMa apacuMIaTUYHY — a60 Tak 3BaHUH «KapAio-
HelipoedeKT», - € BAXKJIMBUM NOOGIYHUM aceKTOM NPOLeAypH, IKUH MOoXKe MaTH 3HaYeHH JJIs Gi/bILI CTiHKO-
ro pe3y/nbTaTy KaTeTepHOro BTPy4YaHHS.

MerTa. [locaiguTu iHTpaonepaniiHi aBTOHOMHI epeKTH paioyacToTHOI {30511l IereHEBUX BEH 32 METO/IU-
KO0 BHCOKOI IIOTY>KHOCTI KOPOTKOI TPHUBAJIOCTI.

MaTepiasiu Ta MeToAU. /IJ11 IpOBe/IeHHs PETPOCIEKTUBHOTO JOC/iIPKeHHsI Oysio BifiopaHo 49 naijieHTiB i3
NapoKCcU3MaJbHOW Ta nepcuctyoyor ¢opmamu PII, skuM Gysa BUKOHAHA KaTeTepHa pafioyactoTHa [J/IB
Ta y IKMX BJaJI0CS BiICJAiAKYBaTH BifAaieHi pe3yJbTaTy o0 penuauBy apuTMii B /1Y «HanionanbHui iH-
CTUTYT cepLeBo-CyJuHHOI Xipyprii imeni M. M. AmMocoBa HAMH Ykpainu» 3a nepiog, i3 TpaBHa 2022 poky no
rpyzfeHb 2024 poky.

PesyabraTu. 3arajom 3a nepioj cnocrepexxeHHus 19,9 + 7,5 (Big 8 go 34) micsauiB penuaus craBcsa y 19 i3
49 nauienTiB gocaimpkyBanoi rpynu (38 %). Y nauieHTiB 6e3 penuaAuBy BifbyBasocs BUpaXkeHe 3MeHIlIeH-
Hs R-R iHTepBany nig yac Brpy4yanss: 889,33 + 157,48 mMc Ha movaTky Ta 762,92 + 133,81 Mc HanpuKiHIi
BTpy4yaHHs (p=0,003), a Takoxk 3HauHe 36ibmieHHss YCC npoTsarom BTpy4daHHs: 69 * 11,96 yi/XB Ha noyart-
Ky vs. 80,67 + 15,53 yn/xB Hanpukinni (p=0,003). ¥ nauienTis i3 penugusom 3miHu R-R ta YCC He pocs-
rajii cTaTUCTUYHOI 3Hauymocti (p=0,09 Ta p=0,117). Kpim Toro, HanpukiHui BTpy4aHHs R-R inTepBasn Ta
YCC 6ysiv 3HAYHO BULIMMHU y TPyl 3 pequauBom: 762,92 + 133,81 mc vs. 874,25 + 137,06 mc (p=0,029) Ta
80,67 + 15,53 vs. 69,75 + 11,85 ya/xB (p=0,022). [lauieHTH 3 penuJuBOM MaJu BULUHN CepeJHiIA CTYIiHb
¢i6po3y 3a BosibTaxXHOIO KapTow (1,64 + 1,21 vs. 0,84 + 0,72), npoTe 1 pi3HUIS He A0CATIA CTATUCTUYHOI
3HauymocTi (p=0,11). BigcyTHicTh iHTpaonepaniiiHoi peKoHeK1ii TpoBeleHHS 3 JIEreHEBUX BEH Y JIiBe Nepej-
cepJs MiJ, 4ac BTpy4aHHs crocTepiraaacs y 6iabmocTi nanieHTiB 6e3 peuuausy (62,5 %) nopiBHAHO 3 Juile
30,8 % y rpymi 3 penujuBoM. PekoHexkIiis o [Box BeHax 6y/1a 3adikcoBaHa BUKJ/IIOYHO B TPy 3 pelUJUBOM
(v 54 % BunajkiB), 4oro He croctepirasocs y >KoOAHOTO nanieHTa 6e3 peuuauBy. Ll pisHULA € CTATUCTUYIHO
3Hauyomw (p=0,003).

BucHoBKM. [lif yac npoBe/ieHHs KaTeTepHOI PaZlioyacTOTHOI i30J141i] JiereHEeBUX BeH y Mali€eHTIB i3 napo-
KCU3MaJIbHOIO Ta NepcucTyrodoto Gpibpusiuieto nepeacep/ib 6iybll BUpakeHUN epeKT KapAioHeHpoMoayisi-
il 6yB MoB’sI3aHUH 31 3MeHIIEeHHAM pely/MBiB apuTMil B micasionepaniiHoMy nepiozi Ta 36epiraBcs Bopo-
JoBx 12 Micsanis nicas abasuii y Burisai nigsuiieHoi cepeanboi YCC.

Kamwwuoei caosa: sapiabenvHicmsb cepyegozo pummy, napacumMnamuyHuli MmoHyc, 8a2ycHull Heps, maxikapais,
Kapdiocmumyassmop, HasleayitliHa cucmema.

OGiYHUM aCIeKTOM nponenypu, SIKUW MOXKe MaTH 3Ha-

Bcryn. KaTteTepHa abGusnis i3ossnii JiereHeBUX
BeH (IJIB) € 3osi0TMM cTaHgapTOM JiKyBaHHS mali-
€HTIB i3 CMMOTOMAaTH4YHOIO, pedpaKTepHO [0 Me-
JIUKaMeHTO3HOoi Tepamii, ¢ibpussiielo mnepeacepib
(®I) [1-3]. BnuiuB kaTeTepHOi abJisALil HA aBBTOHOMHY
HEpPBOBY CHUCTeMy, 30KpeMa NapacMMMNaTH4YHYy - abo
TaK 3BaHUH «KapJioHelpoedeKT», - € BAXKJIUBUM MO-

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

YeHHS AJis 6iJbII CTIKOTO pe3y/sbTaTy KaTeTepHOTO
BTpy4aHHd [4-7].

AHaTomo-@¢i3iosioriydi nepeayMoBHU aBTOHOMHMX
edekTiB. JlereHeBi BeHU Ta mpuJierjia TKaHWHA JiBOroO
nepejcepzs IIiJIbHO IHHEPBYIOTbCA TaHIVIIOHAPHUMU
CIJIETIHHSIMH, SIKi MOB’SI3aHi 3 aBTOHOMHOI0 HEPBOBOIO
cucremoto (pucyHok 1) [8]. Ilixg vac IJ/IB (oco6auBo i3
3aCTOCYyBaHHAM MOJAJbHOCTEN TeMIepaTypHOro Io-
IIKO/PKEHHS) BiZI0OYBAETHCS YPAXKEHHS IUX CIJIETiHb, 110
[IPU3BOAUTD 10 3MiH aBTOHOMHOI peryJsiLil ceprg.

OcHoBHi aBTOHOMHI epekTu I/IB. KateTepHa a6.is-
i1, 30KpeMa i30JisLlis JiereHeBUX BeH (B OCHOBHOMY

YKpaiHCbKUIA )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025
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LSGP

RAGP

LIGP RIGP

PucyHok 1. PozmawysaHHs 2aHe1ioOHapHUX CNIeMeHb
8 nnisomy nepedcepdi. LSGP - nige 8epxHE 2aHaNiOHApHE
cnneminHs; LIGP — nige HUMHE 2aHenioHapHe cnaemiHHs;
RSGP - npase sepxHe 2aHenioHapHe cniaeminHs; RIGP - npase
HUXCHE 2aH2/TIOHAaPHEe CNAeMIiHHS

TeMIlepaTypHi MeToAu abJsnil - pajioyacToTHa TOY-
KOBa Ta Kpio6aJioHHA), TPU3BOAUTH [0 3HMKEHHS Ma-
pacuMnaTU4YHOTO (BarycHoro) TOHY, 1[0 IPOSIBJSIETHCS
nigsuienHsaM YCC y crani cnokoro [9,10]; 3HMKEHHAM
BapiabesnbHOCTi cepueBoro putMmy (HRV), oco6amBo
RMSSD, pNN50 ta HF-koMmmoHeHTH. Takox croctepira-
I0TbCA 3MIHM CUMIATHYHOTO TOHYCY: Ha TJIi BaryCHOIO
NpUTHiYeHHS MOXJ/MBe BiJHOCHE MiJBUIIEeHHS CHMIa-
TUYHOI aKTHUBHOCTI, 110 B OKpeMUX MAL[iEHTIB MPOSAB-
asetrbes miasuieHusaM LF/HFE npuckopennsm YCC a6o
36imbmenHsam SDNN [11-13].

3MeHILIeHHS apUTMOTeHHOCTi: MOAYJsALi aBTOHOM-
HOI HEpPBOBOI CUCTEMU BHAC/IiMOK abJIsALii CIpUsi€e 3HU-
»KeHHIO0 iHZlyKOBaHOCTI Baryc-onocepeKOBaHUX apUTMil
(manmpuxsiaz, ®II i3 HiYHUM a6o MOCTIpPaHAiaIbLHUM Jie-
610TOM); peAyKIil MocTKapAioBepCiHHUX OpasapUTMin
y naunieHTiB i3 ®II; noTeHLiHHOMY 3HMXEHHIO 4aCTOTHU
peluMBiB pu ycnilHin AeHepBanii [14] (Tabaumg 1).

MeTta. /JlocniguTtu iHTpaonepaliiiHi aBTOHOMHI

Tabnuus 1
ABMOHOMHI epekmu 301Ul n1e2eHesux 8eH

ABTOHOMHMIA edpekT  [posiB

3meHwweHHs BarycHo- T YCCy cTani cnokoto, 4 Bapiabens-
ro BRAMBY HOCTi CepLIeBOro pUTMY.

3MiHM CMMMATUYHOIO
TOHYyCY

Mo nunBe 3pOCTaHHSA CUMMNATUYHOT
AKTMBHOCTI

 iHayKoBaHicTb Baryc-iHaykoBaHMX
apuTMmiii (Baryc onocepeakoBaHa @I,
NOCTBiAHOBHI BpaanapuTMmii

y nauienTis 3 O)

3MEHLLEHHS apUTMO-
reHHOCTI

edeKTH pasioyacToTHOI 13051l JiereHeBUX BEeH 3a Me-
TOJUKOI BUCOKOI OTY>KHOCTI KOPOTKOI TPUBAJIOCTI Ta
OI[IHUTH MPOTHOCTUYHY I[iHHICTh TaKuX ePeKTiB 11010
penuauBy GiOpuAIil mepeacep b y micasonepaliiHo-
My Hepiofi.

Marepiasniu Ta MeTtoaM. [/l poBeJleHHS PETpPO-
CHEeKTHUBHOTO /OCJi/[PKeHHsI Oy/J0 TpoaHali30BaHO
114 nanieHTiB i3 MAapOKCU3MaJbHOIO Ta IEPCUCTYIOUOI0
dopmamu PII, skuM BUKoHYBasu KateTepHy PYA IJIB y
Y «HanjioHa/ibHUH iIHCTUTYT cepleBO-CYAUHHOI Xipyp-
rii imeni M. M. AMocoBa HAMH Ykpainu» 3a nepioz i3
TpaBHa 2022 poky no rpyaeHb 2024 poky. Y nojaajb-
oMy Z0 AOCJiPKeHHsT 6ys10 BifiopaHo 49 mamieHTiB,
y AKUX BAAJIOCA BiACAIAKYBAaTH BijJaseHi pe3yJbTaTH
010 PeuuAMBY apuTMil. Yci BTpy4YaHHd Nalji€EHTaM
JloCiKyBaHOi BUOGIPKY BUKOHYBAJIMCS OJJHUM OTepa-
TopoM. [Ipouenypa 1IJIB npoBoausiaca 3a npoTOKOJIOM
«BUCOKA MOTYXKHICTb — KOpOTKa TpuBasicTb» (BIIKT)
HaHeCeHHs pafiioyacTOTHUX amjikaniid. [loTy»kHicTb Ta
TPUBAJICTb anJiikaliil Ha nepeHiu ctinyi JIII ctraHoBU-
au 70 BT Ta 7 cekyH/[ BifimoBiAHO, a HA 3aAHiH - 70 BT
Ta 5 cekyH/,.

Byso BUJiiJieHO 2 TPYNU JOCTIPKEHHS: Y TepLIy Tpy-
Iy YBIiHIIUIN MALIEHTH, Y IKUX BiZIOYBCS peliuINB apUTMil
(BpaxoByBasHCs JIMIIE Ti BUNAJKH, 10 BUHUKJIW Tic/as
nepiux 3 MicAniB micias a6usii) - rpyna «Peruaus +».
Y apyry rpyny yBiMUIIM NaLiEHTH, Y IKMX 32 BeCb 4ac
crocTepe)xeHHs He Bifgoysnocs peuuauBy ®I1/TII - rpy-
na «PenuuB -» (He3aJsieXXHO Bif MpUHOMY aHTHAPHUT-
MiYHHX NpenapatiB). Y 12 namieHTiB rpynu «Peruaus +»
BAaJsiocs 3adiKCyBaTH iHTpaonepaliiiHi mokasHUKH R-R
inTepBaJiiB Ta YCC Ha moyaTKy Ta HANPHUKiHLI npo1eay-
pu. llle y 11 nanieHTiB Li€l > rpynu cnoctepiranacs PII
a6o TII Ha moYaTKy BTPY4YaHHS, TOMY BOHH OYJIH BUKJIIO-
4YeHi 3 aHaJsi3y 3a MMU napaMeTpaMmu. B iHmux 7 na-
L[IEHTIB He BJAJIOC PeTPOCHEKTUBHO BiTBOPUTH IO-
Tpi6Hi gaHi. ¥ rpyni «PeruuB —» 6yJsi0 npoaHani3oBaHO
8 mamieHTiB i3 3adikcoBaHUMU iHTpaomepaiiHUMU T10-
Ka3HukaMH R-R inTepBasis Ta YCC; e 6 nmamieHTiB 6yJ10
BUKJIIOUEHO 3 aHaJ/i3y 4yepe3 HasaBHicTh ®II Ha moyaTKy
MpoleAypPH, a AaHi iHmux 5 He BJasocs BigTBopuTH. Jla-
Hi mozo ctyneHs ¢i6po3sy JIII 3a BOJIBTAXKHOK KapTOIO
Ta iHTpaonepaniiiHoi peKoHEeKIIii JiereHeBUX BeH Oy/IH
JocTymHi yniie y 29 nanieHTiB (16 - i3 rpynu «Penuaus
+» Ta 13 - i3 rpynu «Penuus -»).

CraTucTuyHMM aHaai3. be3nepepBHi 3MiHHI nojaHi
y BUIVIAJli CepeJHbOr0 3HAa4eHHA * CTaHJAapTHOIO BiA-
XWJIeHHS (a TaKoX MiHIMaJbHHUX | MakCUMaJbHUX 3Ha-
YeHb), a KaTeropiiHi 3MiHHI - y BifcoTkax. [lyis1 06po6KHU
JlaHMX 3aCTOCOBYBAJIU AK NapaMeTpU4Hi, Tak i Henapa-
MeTPHUYHI MeToAx BapialiiHoi cTaTuCcTUKU. HopMaiib-
HICTh pO3MNOAiNY NepeBipaau 3a gonoMorow Ttecty lla-
nipo-Binka. ¥ BUnazKy HOPpMaJbHOTO PO3NOAIITY JJIs
MOpPiBHAHHA BUKOPUCTOBYBaJH t-TecT CThIOZEHT], a 3a
roro BiacyTHocTi - U-Trect ManHa-YiTHi. Jljig aHasi3y
KaTeropiiHuX 3MiHHUX 3aCTOCOBYBa/IM TOYHUN KpHUTe-
piit ®imepa a6o Tect x? [lipcoHa.

Pe3ynbraTH. 3arajioM 3a Iepios crocTepexeHHS
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Ta6bnuusa 2

3azaneHOKNIHIYHI ma demoepagiyHi napamempu nayieHmu

i3 ocnionysaHoi subipku

Mapametp

3HauyeHHq, n = 49

Bik, pokiB

55,15 11,65 [31 - 75]

CraTb, 4ONOBIKIB

69 %

3pict, cm 175,05 + 8,35 [160 - 192]
Bara, kr 88,64 + 18,13 [63 - 135]
MnT, m? 2,04+0,2[1,67 -2,48]

BMI 29,34 £5,39 [21,7 - 44,6]

®opma @1, napokcm3ManbHa

73,4 %

CHA DS.-VA, 6anis

1,45 % 0,96 [0 - 3]

OB, % 56,79 £ 9,11 [25 - 70]
KO, mn 135,92 + 31,96 [94 - 280]
KA, mn/m2 64,11 £ 9,06 [53,9 - 85]
KCO 59,95 * 28,42 [25 - 175]

Oiametp JIM, MM

42,38 £4,9 [31 - 53]

T1ck B ML, MM.pT.CT.

34,73 % 5,6 [27-55]

MNepioa cnocTepexeHHs, Mic.

19,87 £ 7,56 [8 - 34]

Peunnwme aputwmii, %

38 %

19,87 + 7,56 (Big 8 mo 34) micaniB peuuguB cTaBcay 19
3 49 nanieHTiB focnimxkyBaHoi rpynu (38 %) nanieHTiB
(Tabsuus 2, pUCyHOK 2).

Y nauieHTiB 6e3 peunuauBy Binbysocsa BHpaxe-
He 3MeHLIeHHa R-R iHTepBasny mipg 4yac BTpy4YaHHa -
889,33 + 157,48 vs 762,92 * 133,81 mc (p=0,003), a
TakoK 3HauHe 36iapuieHHss YCC mpoTsAroM BTPyYaHHS:
69 * 11,96 yn/xB Ha noyatky vs 80,67 = 15,53 yi/xB B
kiHgi BTpyvyanHs (p=0,003). Lle cBiguuTh npo npurHi-
YyeHHs1 NapacMMNAaTU4YHOI aKTUBHOCTi, HWMOBIpHO, 3a
paxyHOK epeKTHUBHOI JeHepBalii. Y nauieHTiB 3 penu-
auBoM 3MiHM R-R Ta YCC He mocsAraroTb CTaTUCTUYHOI
3HauyuocTi (p=0,09 Ta p=0,117), w0 BKa3ye Ha MeHILY

0.8

Ges OIVIIT

0.6

0.4

rpo |opuiﬁHe BHAHBAHH A

0.2

3MiHy BereTaTUBHOro 6asaHcy (Tabsuis 2). Kpim Toro,
B KiHIi BTpy4yaHHs R-R iHTepBas GYB 3HAYHO BHUIIUM,
a YCC - 3HAYHO HWIXKYMM Y TpyIni Nali€HTIB 3 penuu-
BOM apuTMmil: 762,92 + 133,81 mc vs 874,25 + 137,06
(p=0,029) Ta 80,67 + 15,53 vs 69,75 + 11,85 yn/xB
(p=0,022), mo MoXKe CBiAYUTH MPO HEJOCTATHIO Mapa-
CUMIATHYHY MOAYJAII0 y IMX MalieHTiB (Tabsaunsa 3,
PUCYHOK 3).

[TalieHTH 3 pelnuAMBOM MaJid BUIMU cepeiHiN CTy-
ninb pibpo3y 3a BosbTaKHOIO KapTow (1,64 + 1,21 vs
0,84 + 0,72), mpoTe 1g pi3HUINA He AOCAT/Ia CTaTUCTUY-
Hoi 3HauymocTi (p=0,11). lle cBiAYUTHL IPO TEHAEHIIiIO
Jl0 6iJIbII BUPAXKEHOTI'0 CTPYKTYPHOTO PEMO/IETIOBAHHS
y Tpymi 3 penyanBoM, 110 MOXKe NOTpe6yBaTH MOZaJb-
moi mepeBipKM Ha OGinbIIiA KoropTi nmanieHTiB. TpuBa-
JIICTh BTPY4YaHHS TaK0XK Gy/1a 3HAYHO JIOBLIOI0 Y MAIli€H-
TiB, y IKMX 3r0/IOM BUHHUKaB penuauB (162,5 + 33,95 vs
115,67 + 24,12, p<0,001). Lle Mmo>ke Bimo6pa>kaTu 6ibLIy
CKJIaIHICTDb NMpOLEeypH, PO3LIUPEHNH cybCcTpaT abo He-
MOBHY ebeKTUBHICTDb i30J1411ii, 110 BUMarajo J0JaTKo-
BUX IHTpaornepaniiHyux MaHinyaAsii.

BiacyTHicTh iHTpaomnepaniiHol pekoHeKIlii mpoBe-
JleHHA 3 JIereHeBHUX BeH MiJ Yac BTpy4YaHHd CIocTepira-
Jlacs y 6isibIocTi marjieHTiB 6e3 penuausy (62,5 %) mo-
piBHsaHoO 3 quuie 30,8 % y rpyni 3 penuguBoM. PekoHek-
I[is Mo 2 BeHaM 6ysia 3adikcoBaHa BUKJIOYHO B IpyTi 3
peunsuBoM (v 54 % BuMaKiB), 4Oro He crocTepiransocs
y JKOZHOrO0 maljieHTa 6e3 penuausy. lla pisHuns € cra-
TUCTUYHO 3Hauymow (p=0,003) (Tabauis 4).

0O6ropopeHHs. Cepe/; Malli€eHTIB i3 mMapoKcU3MaJib-
Hoto OII (n=36) BigCyTHiCTh penuUBy 3a IepioA CIo-
crepexxeHHs1 19,87 + 7,56 mic crioctepiranacsay 70 % na-
nieHTiB. Taki AaHi 1040 penuIUBY apuUTMii 36iraloTbcs
3 JaHUMHU CBiTOBOI siTepaTypu [15]. Cepex namieHTiB i3
MepCUCTY04010 popMoto ¢ibpusnii nepeacepab (n=13)
I[el MOKa3HUK OYB 3HAYHO HIKYUM — 6J1M3bKO 40 %, ae
06cAT BTpy4YaHHS He Bi/ipi3HsABCA Bifi 06¢ATY BTpy4YaHHS

Micgmie micag ITIB

PucyHok 2. Kpusa Kannaxa-Maliepa y 8idHoweHHi nepwiozo peyudusy ¢ibpunsauii nepedcepds
abo iHwoi nepedcepdHoi maxikapdii nayieHmie nicas i30n9uii 1e2eHesuUx 8eH 3a MEMOOUKO BUCOKOI
nomymmHocmi Kopomkoi mpusanocmi
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Tabnuusa 3

IHmpaonepiliHi nokasHUku ma napamempu KapoioHelipoegekmie cmpamueikosaHux 3a Has8HICMK0 abo 8idcymHicmio

peyuousy @O[1/I1T e nicnsonepauyiliHoMy nepiodi

MNapametp Peuunpus - Peuunpus + P value
R-R iHTepBan Ha No4aTKy BTPyYaHHS, MC 889,33 + 157,48 986,5 * 183,99 0,27
R-R iHTepBan BKiHLi BTpyYaHHs, MC 762,92 £13381 874,25 £ 137,06 0,029
P value 0,003 0,09
YCC Ha noyaTky BTpyYaHHs, ya/XB 69 11,96 63+ 14,84 0,102
YCC BKiHLi BTpyYaHHs, ya/xB 80,67 * 15,53 69,75 £ 11,85 0,022
P value 0,003 0,117
CryniHb dibpo3y Ha BonbTaxHiN KapTi (Big 0 8o 3) 0,84+0,72 1,64 +1,21 0,11
Yac BTpyyaHHs, X8 115,67 £ 24,12 162,5 £ 33,95 <0,001
1300 . -1 [ RRpo
1200 L B R-Rnicrs
1100 s
0 . *
s o .
o 1000 . . -
g N e . .
'% 900 -
=z N 1 -
v 800 .
14 o .
700 -
. -
600 .
500 -
6yB peumaus He Byno peuuauey

PucyHok 3. [pagiyHe 306paxeHHs iHmpaonepauiliHoi pi3Huyi R-R iHmepeanie y nauieHmia
i3 peyudugom @[/TIT g nicnsonepauiliHomMy nepiodi ma 6e3 He020

y maiieHTiB i3 mapokcusmanbHO PII (mogaTkoBi siHii
abJsisaLii He MPOBOAUWJIKCS, TaKi sK JiiHiSA MiTpasbHOTO
nepeminiiky a6o gaxy JIII 4m i3osdAnisg 3aAHbOI CTiHKH
JIIT). Binbuie Toro, 6ibLIiCTh MALIEHTIB i3 penuUBOM
@I1/TII Bif3HaYa/M MOKpalleHHs HaBiTh HE3BaXKalO4u
Ha HasBHicTh apuTMil - yacToTa eni3o/iB Gysa 3HAYHO
MEHIIOI0 Ta JIeTrlle KOHTPOJII0Balacs MeJMKaMeHTO3HO.

Y nauienTiB 6e3 penuauBy QOII/TI (HesanexxHo BiA
dopmu ®II) BigzHavanuca 3Hauymi 3MiHu R-R iHTepBa-
sy Ta YCC ynposoBK BTpy4aHHS, 1[0 MOXe CBIAYATH PO
ebeKTHBHY BereTaTHBHy Mogudikalio (kapaioHeipo-

Tabnuusa 4

IHmpaonepauiliHa peKoHeKyis 1e2eHesuX 6eH 8
3anexHocmi 8id nicasonepauitiHozo peyudusy apummii

Peunous - Peuupus +
MNapameTtp (n=16) (n=13) P value
He 6yno pekoHekuii
npoeeneHHs B/3 J1B nig 10 4
yac IJ1B 0.00%
PekoHekuisi no 1 BeHi 6
PekoHekuisi no 2 BeHaM 0

YKpaiHCbKMI XXypHan cepueBo-CyAUHHOI Xipyprii

MOJy/AL10). Y maiieHTiB i3 peruMBOM aBTOHOMHI 3py-
IIeHHs 6y/IM He3HAYHUMH abo BiZICyTHI, 1[0 MOXHa iHTep-
MPEeTYBATH fIK HEJ0CTaTHIO Mo/ubiKallilo raHTiOHAPHUX
crsieTedb. Lli 3MiHM MalOTh NOTEHLiMHE MPOTrHOCTUYHE
3HaY€eHHs Ta MOXKYTb Oy TH BUKOPUCTAHI SIK epionepariiii-
Hi 6ioMapkepu epeKTUBHOCTI BTpy4YaHHH (Tabsus 5).
Anauniz Xonrtepiscbkoro MoHiTopyBaHHA EKI' y nami-
€HTIB nicsia npoueaypu 1JIB nokasas cTikiki BigMiHHOCTI
y cepenHii YCC Mix rpynaMu nanieHTIB i3 peniujUBOM
apuTMii Ta 6e3 Hboro. Xo4a BiZAMiHHOCTI y moka3HUKaAx
cepeanboi YCC crocTepirainca BOPOAOBXK YCbOr0 nepi-
OZly CIIOCTEepeXXeHH, JOCTOBIpHA Pi3HULA TAa BUpPAXKeHa
TeHIeH1Iid 10 6inbmux noka3uukiB YCC cioctepiranucs
Jvie dyepe3 2 Ta 12 micAnis nicaa BTpydaHH4. Lle moxe
OyTH MOB’I3aHO 3 THUM, L0 KiJIbKICTh MaLli€EHTIB, Y IKUX

Ta6nuuga 5

Bidcomkosi 3miHu nokasHukie R-R iHmepsany ma YCC
3MiHa, % 3MiHa, %

MokasHukK (6e3 peumausy) (3 peunamnsom)

R-R iHTepBan -14,21 % -11,38 %

4cc 16,91 % 10,71 %

" Tom 33,N2 3 2025
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Tabnuus 6

Hani Xonmepiecbko2o MoHimopysarHs EKT'y nauyienmie
nicas npouedypu IJIB cmpamugikosaHux 3a Has8HicMio
abo gidcymricmio peyudugy apummii (OI1/11T)

MokasHuku
BapiabenbHoOCTi
cepLeBoro puTtMy Peuupus - Peuupus + P value

CepepHst YCC yepes

1 wi ) 70,94 +10,32 66,09+10,9 0,103
Micaub, ya

gep.e””’.‘ HCCuepes 534449093 625+1045 0,013
MICHLI,I,y,EI,

CepepHs YCC vepes

A 71,61 8,27 66,33+2,054 0,916
3 micsui, ya,

Cepenns HCCuepes ;954937  ge5+769 012

Hf peuuJuBy y micasonepaniiHOMy BiAJajieHOMY Iie-
piozi. Uu € edbeKTHUBHA KaplioHeHPOabJIsIlisi caMOCTii-
HUM YUHHUKOM Ta HPOTHOCTUYHUM HAKTOPOM YCHiIIHOT
abJisAIii, Y1 BOHa JiKIlle BijoOpakae TpaHCMYpPaJIbHICTh
arutikanii (i, BiamoBigHoO, AKicHiCTB JiiHiT a6usAIii) - mig-
JISITA€ MOAAJIbIIUM JOCTiPKeHHAM [16].

OTpuMaHi HaMM JlaHi MiHIMaIOTh MUTAHHS BAXJIU-
BOCTI GiJIbLI ZIeTAJIBHOTO JIOC/Ti/IP)KEHHS CTATyCy BereTa-
TUBHOI HEPBOBOI CUCTEMMU fIK IiJ 4ac, Tak i miciasa Karte-
TEpPHOT0 BTPy4YaHHH.

O6MexeHHs. Bubipka malieHTiB, siKi yBiALILINU B J10-
cipKeHHs, 6yJ1a JOCUTh HEBEJIMKOIO — TPH 11 KiJIbKiCHO-
My 36i/IbIlIeHHi CTaTHUCTUYHA JOCTOBiIpHICTh MorJIa 6 BU-
[VI9/laTy iHaKIle 3a TUMU IapaMeTpaMy, 3a IKUMHU BOHa
He GyJia mpojieMOHCTpoBaHa. KapaioneiipoedekTu mic-

6 micauis, yo' Js1 [JIB y momaibIioMy MalTb GYTH JOCTiKEHI TaKOX
CepegHﬂ 'l-ICC yepes 741 +11.67 69+95 0.075 y BifajseHoOMy nepiofi 3a TaKMMH NapaMeTpaMH, K
12 micauis, ya' ’ ’ ’ ’

a0

70 ~— — = — — .

. w
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40
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20
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0 Do nny - =—S=Peuanas +
1 raie. 2 mic. 3 mic. b mic. 12 mie.

PucyHok 4. [pacpiure 306paxcerHs nokasHukie YCCy nauienmie nicis npouedypu I/1B
cmpamucpikogaHux 3a HasieHicmo abo gidcymuicmio peyudusy apummii (@F1/1T)

MOXKHa Oysio 3adiKCyBaTH micjsionepariiHi JaHi MoHi-
TopyBaHHs EKI, 6ys1a 06MexxeHO0 — He BCi Nal[iEHTH /10~
CTiPKYBaHOI Ipyny MPOXOAWJIN JlaHe o6CTexeHHs (Ta-
6111151 6, pUCYHOK 4).

3Hauylma pi3HMLA B iHTpaonepauidHii peKoHeKLil
€JICKTPUYHOTI'0 IIPOBe/IeHHA 3 JiereHeBuUX BeH y JIII BKasye
Ha YiTKWH 3B’I30K Mi>K HasiBHICTIO CaMol peKOHEeKIIii Ta mo-
JanbimuM peuuauBoM PI1/TTI, mo Moxke MaTH MPOTHOC-
TUYHE 3HAYeHHSI NP OLiHI epeKTHBHOCTI BTpy4YaHHSI.
TpuBasicte BTpy4yaHHs (fK i cTyninb ¢i6po3yBanns JII)
TaKOX Oy/1a 3HAYHO OL/IBIIOK V MAI[iEHTIB, Y IKHUX 3TOZ0M
BUHMKAB peluauB. lle Moxke Bijo6pakaTy GisbIly CKiaj-
HICTb HpoIeAypH, PO3LUIMPEHNH cy6cTpaT abo HENOBHY
epeKTHBHICTD i30J1411i], 1[0 BUMarasao AoAAaTKOBUX paJlio-
YaCTOTHUX amJliKalliil Ta NIOBTOPHOIO KapTyBaHHS.

BumieBkasani ¢paktopu (3minu R-R, YCC, 6inbiu Bupa-
»KeHUH cTyninb ¢ibpo3yBanHs JIII, inTpaonepaniiHi pe-
KOHEeKIii Ta yac BTpPy4YaHHsI) MOXKyTh MaTH BiAHOLIEHHS
10 TPAaHCMYypPaJIbHOCTI paAiodyacTOTHUX amJiKalid npu
[JIB Ta, BiAIOBiIHO, BIJIMBATHU Ha NOAAJbllle BAHUKHEH-

MOKA3HUKHU BapiaGesbHOCTI CEPIIEBOr0 PUTMY, @ TAK0XK
y TIOpPiBHSHHI I'PyN i3 BUKOPUCTAHHAM abJIANIHHUAX TeX-
HOJIOTiN pi3HUX MofasbHOCTeH (KpioGasoHHA abaALis,
a6JiAnis iMnysbCcHUM 11oJ1eM). Takok aBTOHOMHI e eKTH
[JIB € omHUM i3 6araTboxX «IPeJUKTOPIB» yCHixXy, i mpu
306i/bIIeHH] NMysly MalieHTIB i3 HasgBHOIO iHpopMaIliero
II0JI0 BifijasieHUx pe3yJbTaTiB Caifg Oyzae aHasidyBaTH
Ta BUBOJUTH YMHHUKH YCIiXy KaTeTepHoi a6l y na-
nieHTiB i3 @II - ak gonpoueaypHi, Tak i iHTpa- Ta mic-
JisioTiepariiiHi, 110 AacTb 3MOTY NPOTHO3YBATH Ta 6GiJIbIl
CeJIEKTHBHO MiAXOJUTH 0 BUGOPY MAI[i€eHTIB i MoAab-
HOCTi abJisIii.

BucHoBKHM. [lif yac npoBeJieHHA KaTeTepHOI pajio-
YACTOTHOI i30J14Li1 JIeTeHeBUX BeH y NaLieHTIB i3 nmapo-
KCU3MaJIbHOIO Ta NepcucTyodow ¢pibpunsiieto nepen-
cepAib 6isblI BUpaXkeHUH epeKT KapAioHEeHPOMOLy sl
OyB MOB’sI3aHUH i3 3MEHIIEeHHAM PelUJuBIB y micasomne-
panifiHoMy nepiozi Ta 36epiraBcs BIpooBx 12 micanis
micsisg abusisnii y Buras i migsuieHoi cepeguboi YCC.
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Autonomous Effects of Catheter Radiofrequency Pulmonary Vein Isolation Ablation Using
a High-Power and Short-Duration Technique

Eugene O. Perepeka

National Amosov Institute of Cardiovascular Surgery of the National Academy of Medical Sciences
of Ukraine, Kyiv, Ukraine

Abstract

Introduction. Catheter-based pulmonary vein isolation (PVI) is the gold standard for the treatment of symp-
tomatic, drug-refractory atrial fibrillation (AF). The effect of catheter ablation on the autonomic nervous system,
particularly the parasympathetic system-referred to as the “cardioneuroeffect” - represents an important side effect
that may contribute to more stable outcomes of the procedure.

Aim. To investigate the intraoperative autonomic effects of high-power, short-duration pulmonary vein isolation.

Materials and Methods. For this retrospective study, 49 patients with paroxysmal and persistent forms of AF
were selected, in whom long-term outcomes regarding arrhythmia recurrence could be tracked. All patients under-
went catheter-based radiofrequency ablation at the State Institution “National Institute of Cardiovascular Surgery
named after M. M. Amosov of the National Academy of Medical Sciences of Ukraine” between May 2022 and Decem-
ber 2024.

Results. Over a mean observation period of 19.87 + 7.56 months (range 8-34), recurrences occurred in 19 out
of 49 patients (38 %). In patients without recurrence, there was a pronounced decrease in the R-R interval dur-
ing the intervention (889.33 + 157.48 vs. 762.92 + 133.81 ms, p=0.003) and a significant increase in heart rate
(69 = 11.96 vs. 80.67 = 15.53 bpm, p=0.003). In patients with recurrence, changes in the R-R interval and heart rate
were not statistically significant (p=0.09 and p=0.117), indicating smaller autonomic modulation. At the end of the
procedure, the R-R interval and heart rate were significantly higher and lower, respectively, in the recurrence group
(874.25 +137.06 ms vs. 762.92 + 133.81 ms, p=0.029; 69.75 + 11.85 vs. 80.67 + 15.53 bpm, p=0.022). Patients with
recurrence had a higher mean degree of left atrial fibrosis according to voltage mapping (1.64 + 1.21 vs. 0.84 £ 0.72),
but this difference did not reach statistical significance (p=0.11). Absence of reconnection during the intervention
was observed in 62.5 % of patients without recurrence, compared to only 30.8 % in the recurrence group. Reconnec-
tion in two veins occurred exclusively in the recurrence group (54 % of cases), which was not observed in any patient
without recurrence. This difference was statistically significant (p=0.003).

Conclusions. A more pronounced effect of cardioneuromodulation during catheter radiofrequency pulmonary
vein isolation in patients with paroxysmal and persistent atrial fibrillation was associated with a decrease in ar-
rhythmia recurrences in the postoperative period and persisted for 12 months after ablation in the form of an in-
creased average heart rate.

Keywords: heart rate variability, parasympathetic tone, vagus nerve, tachycardia, pacemaker, navigation system.
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TIIT-TecT, IK OCHOBHUI HeiHBa3UBHUIA METOA, TECTYBAaHHS aBTOHOMHOI
HepBOBOiI CUCTEMU Cepus Y NALIEHTIB 3 Ba3oBarajlbHMM CMHKONE

Pe3iome

Bceryn. CuHkorne (HENPUTOMHICTB) — Ile palToBa KOPOTKOYaCcHA BTPaTa CBiIOMOCTi 3 LIBUJKUM CIIOHTAHHUM
BiIHOBJIEHHSM, 11J0 3yMOBJIEHA TPAH3UTOPHOIO IVI06AJbHOIO rinonepdysieto ro1oBHOTo Mo3Ky. Cepe/i pi3HUX
MPUYMH CUHKOIIe HalITOUIUPEHIIIUMU € pedJIeKTOPHI MexaHi3MH, 30KpeMa BasoBarasyibHi cuHkone (BBC) [1].
Ha croroanimnii fenb TIJIT-TecT € HallpO3MOBCIOAKEHIIIMM Ta HEIHBAa3UBHUM METOJOM /JJisl TeCTYBaHHS
aBTOHOMHOI HepBOBOi cucteMu cepus. Pesynbratu TI/IT-TecTy BepudikyloTbcs 3a AONOMOrOI0 CyyacHOI
kJyacudikanii VASIS, sika BK/IFOYA€E TPU TUIH Ba30BarajbHOTO CUHKOIIE.

MeTa. BusHauutu posb TUIT-TecTy mig 4ac gocuiP)keHHsI aBTOHOMHOI HEPBOBOI CUCTEMU ceplisl Ta UOro
BIJIUB Ha BUOIp TaKTUKHU JIIKYBaHHS NAL[i€HTIB i3 Ba3oBaraJbHUM CHHKOIIE.

Marepiasim Ta MeToau. [IpoBeieHO peTPOCIEKTUBHUHN aHasi3 AaHux 40 manieHTiB, ki 3BepHyaucsd go 1Y
«HanioHanbHUM iHCTUTYT cepleBo-cyauHHO] Xipyprii iMm. M.M. AMocoBa HAMH Ykpainu» 3 npuBoJy penuju-
BYIOUMX CUHKOIIe Ta MaJIu N03UTUBHUM pesysbTaT TI/IT-TecTy. Cepes o6¢cTexeHux — 30 4os10BikiB i 10 xkiHOK,
cepe/iHiH Bik ck/1aB 37,8 + 11,6 pokiB (Big 15 1o 69 pokiB). TI/IT-TecT npoBoMBCs 33 KJIACHYHUM iTalMiCbKUM
npoTokoJioM. [lic/ig npoBeleHHA TeCTy Ta BCTAHOBJIEHHS JjilarHO3y Ba3oBarajbHe CUHKOIIE BCiM NalieHTaM
6yJs10 06paHO NOoJANbLIY TAKTHUKY JiKyBaHHS — BiJi KOHCEpBATHBHOTO BeJleHHS 10 iHBa3MBHUX BTPYYaHb.

PesysnbraTh. Y Bcix 40 o6cTexenux nauieHTiB TI/IT-TecT faB MO3UTUBHUI Pe3y/bTaT, MiATBEPAUBIINA Ba30-
BaraJibHUM reHe3 HENPUTOMHOCTI. BesiMka KiJIbKiCTh MO3WTUBHUX BiZATOBiZiel YacTKOBO NOB’si3aHa 3 peTeJsib-
HUM BiZi6OpoM MalieHTiB caMe Ha iHBa3WBHI MeTou JiikyBaHHs. [lif yac npoBegeHHs TIJ/IT-TecTy cHHKoOIE y
36 (90 %) mauieHTiB BUHUKJIO Mij Yyac pa3u npoBokallii HiTporinepuHoM, y 4 (10 %) - mig yac ¢pasu nacuBHOI
BepTHKaJizalil. Cepe/iHii yac 0 cHHKOIIe mij yac ¢pa3u nacuBHOI BepTHKaJsizalii ckias 10,8 + 2,1 XBUJIMH (Bif,
8 10 15 xBuinH), a y 36 nauieHTiB micjs npoBokanii HiTportinepuHoM - 4,2 + 2,3 xBuiuH (Big 1 10 13 XBUIKH).
Y 24 naujenTiB (60 %) aiarHocToBaHO KapAioiHribiTopHu# T peakuii, y 11 (28 %) - 3mimanuii tum, y 5 (12 %) -
Ba3o/enpecopHuit Tul. PilleHHsa 11070 NMoJaablIol TaKTUKU JiKyBaHHS MPUHMasocs CHiJIbHO 3 MalliEHTOM.
YoTUpHaALATh NALIEHTIB i3 pelUAUBYIOYMMH CUHKOIE Ta BUPAXXEHUM BaryCHUM KOMIIOHEHTOM BUKOHAJIU
KaTeTepHy abJsALi0 NapacUMIAaTUYHUX FAHIJIIOHAPHUX CIJIeTeHb (6e3 yCKIaJHEeHb, 3 NOAAIbIIUM YCyHEHHAM
Baryc-onocepeAkoBaHoi JucoyHKIii cuHycoBoro Byssia). llle 10 mauieHTiB BiiIMOBU/IMCSA BiJi iHBa3UBHUX BTPY-
YaHb i po3MoYyasv KOHCEPBAaTUBHY Teparnit. Y rpymni 3i 3mimanum tunom BBC kapaioHeiipoab.isiis 6ysa 3a-
CTOCOBaHA y 6 MaLi€HTIB, iHII 5 NalieHTiB nepebyBalOTh Ha KOHCEPBATUBHIHN Teparmii. [HBa3uBHe JIiKyBaHHS
y HNaui€eHTIB i3 Ba3oAeNpecOPHUM TUIIOM Ba30BarajJbHOTO CHHKOIle Ha CbOTO/HI Mae o6MexxeHe 3aCTOCYBaH-
He [10,12], TOMy 1Ii MalliEHTH TaKOXX OTPUMYIOTh KOHCEPBATUBHE JIIKyBaHHS.

BucHoBku. TUUIT-TecT Bifirpae npoBiiHy poJib ¥ AiarHOCTULi Ba30BaraJjbHOT0 CUHKOIIE MiJ| Yac TeCTyBaHHSA
aBTOHOMHOI HepBOBOi cucTeMu ceplis. UiTKke BU3HAYeHHS TUILYy Ba30BarajbHOI0 CUHKOIIE 3a Kjacudikaliero
VASIS npsiMo BIJIMBa€ Ha OJAJIbIIN K BUGIP TAKTUKH JIiIKyBaHHS. 32 JAHUMU YU CJIEHHUX Cy4aCHUX JOCJTi/PKEHD,
iHBa3uBHI MeTOAU JIIKyBaHHA MalOThb HaWO6iiblly epeKTUBHICTb Y NaLi€HTIB i3 KapAiOiHIi6ITOPHUM THUIIOM
Ba30BaraJbHOr0 CUHKOIIE.

Kiovoei caoea: empama cgidomocmi, diazHocmuka peg1IeKMOHUX CUHKONE, KOHCep8amusHa mepanis, imn-
snanumayis LHIBPC, kapdioHelipoabasiyis.

© 2025 The Authors. National M. M. Amosov Institute of Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).
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Beryn. CuHKoMEe (HEMPUTOMHICTD) — Ile panToBa KO-
poTKO4YacHa BTpaTa CBilOMOCTi 3 IIBHUJAKHUM CHOHTaH-
HUM BIiJIHOBJIEHHSIM, L0 3yMOBJIEHa TPAaH3UTOPHOIO
ryio6anbpHOI0 rinonepdysieo rosoBHOro Mo3ky. Cepen
pi3HUX NMPUYMH CHUHKOIE HAWNOLIMpEHIHUMHU € ped-
JIEKTOpPHI MeXaHi3MH, 30KpeMa Ba3oBarajbHi CUHKOIE
(BBC) [1]. BBC mepeBakHO Ma€ MPOTHOCTUYHO CHPHUSIT-
JINBUH Iepebir i He 36ibIIIyE pU3UK PaNTOBOI ceplieBOi
cMmepri (PCC), mpoTe pernuauByo4i BTpATH CBiZoMOCTi
MOXYTb CyTTEBO NMOTipLIYBAaTH AKICTb XKUTTS Ta CIPUYHU-
HATH pi3HOMaHITHI ¢i3W4YHi TpaBMH U ICUXOCOIiaJbHi
Hacmigku. JliarHoctuka BBC 6a3yeTbcss Hacammepes Ha
peTesibHOMY 360pi aHaMHe3y Ta BUKJIIOUEeHHI iCTUHHUX
ceplLeBO-CYAUHHUX YW HEeBPOJIOTIYHUX maToJsorii. Ox-
HaK OCTaTO4YHe MiJTBep/pKeHHs pedJeKTOPHOI MpHpo-
JlM CUHKOTIEe 4aCTO NOTPeOYE MPOBOKAI[iHHUX TECTIB.

TIJIT-Tect (3 anr1. Head-up tilt test, HUTT) y»xe moHan
40 pokiB BUKOPUCTOBYETbLCA B KJIHIUHIA MPaKTHULI K
KJIIOUOBUH IHCTPYMEHT [iJ11 BUSIBJIEHHS Ba3oBarajbHO-
ro MexaHiamy cuskore [3]. TIJIT-TecT go3BoJsIE BiATBO-
PUTH CUMIITOMH NalLliEHTa B KOHTPOJbOBAaHUX YMOBaX |
MiATBEPAUTH JAiarHo3, 10 € BAXKJIMBUM KPOKOM Y BeJleH-
Hi XBOPHX i3 CHHKOIIe He3'SICOBaHOTO reHe3y. 3a JJAaHUMHU
gitepatypy, 4ytauBictb TLIT-TecTy fgad [iarHOCTUKH
Ba30BaraJbHOT0 CHHKOIE CTAaHOBUTb 6JM3bKO 59 %,
cnenudivHicTh - 6s13bk0 91 %, a 3acTocyBaHHA papma-
KOJIOTiYHOI MpoBoKalii (HiTpor/iilepuH B aepo30Ji) mij-
BUIIY€E Yy T/IMBICTh Maike 10 66 % npu cnenudiyHoCTi
J10 98 % [7]. Xoya HeraTUBHUU pe3y/ibTaT TECTY HE BU-
katovae giaraos BBC, mosutuBuuu TIJIT-TecT Ma€e Buco-
Ky A1arHOCTUYHY LiHHICTb. BiATBOpEHHS TUIIOBOTO CUH-
KOTIe MiJ] yac TeCTy TaK0XX Ma€ HaBYaJIbHUH acleKT AJid
MalieHTa - IeMOHCTPYE AOOPOSAKICHUH Mepebir i Baxk/u-
BiCTb CBOEYACHOTO 3aCTOCYyBaHHA KOHTPMaHEBPIB AJid
YHUKHEHHSI CEpPHO3HUX TPaBM y NO6YTOBUX YMOBaX.

Y cBowO 4epry, 3acCTOCyBaHHSI KOHTPMaHeBpPIiB MOX-
JIMBE JIAIIe Y TUX MaLi€HTIB, AKI MalOTbh NPOAPOMaJIbHI
CTaHU (IIPECUHKOTIIE), 1[0 CYTIPOBO/KYIOThHCS 3allaMOpO-
YeHHsIM, pi3Ko0 CJIabKiCTIo, iHOA1 HYIOTO TOLIO.

B cydacHi#i kJiHiuHIN npakTULi A1 Bepudikamii pe-
3ysbraTiB TIJIT-TecTy BUKOPUCTOBYIOTH KJacudiKalito
VASIS (Big anr. Vasovagal Syncope International Study).
g knacudikarliis Bxxe 6ysia BUCBIT/IeHA B HAYKOBiH mpa-
i D.A. Tymoshenko et al. [9] i € npsaMuM npodeciiHuM
nepeKkaZioM 3 opuriHaJbHOI po6oTu Schroeder C. et
al. [8]. VASIS-knacudikariis BUAIASE TPU OCHOBHI THUITH
Ba30BaraJbHOTO CUHKOIIe (Tabsuis 1): 3MinraHui, Kap-
ZioiHTi6ITOPHUM Ta Ba30JeNpPeCOPHUMN.

Bepudikarlis Tuny Ba3oBarajJbHOr0 CHHKOIIE — OCHO-
BHUM aCHeKT Mif yac BUGOPY cTpaTerii JiKyBaHHs. Hali-
61 MomMpeHUM € 3Mimanui Tumn (VASIS I) - 3a ganu-
MM Pi3HUX OC/i>KEeHb BiH CTAHOBUTD 0J1M3bK0 50-60 %
BunazakiB BBC [8,13]. KapaioiHri6iTopHHH THUI 3yCTpi-
YA€ETbCA piAllle, ajle Ma€ BaXJ/JMBe KJiHIYHe 3HAYeHHH.
EdekTUBHICTb CydyacHUX iHBa3WBHUX METO/iB JIiKyBaH-
HA Ba30BarajJbHOI'0 CHMHKOIIE BUIlA caMe NPU Kap/ioiH-
ribiTopHomy Tumi [1,2,7,9-11]. BogHo4yac onTUMaJIbHUH
BapiaHT JIIKyBaHHS /J1f Ba30/,elIPeCOPHOro TUILY He BU-
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Tabnuusa 1

ModugikosaHa knacugikayis 8a308a2anabHUX CUHKONE
(VASIS) [8,9]

Knac Tun BusHaueHHs
3HMKeHHS YCC > 10 %, MiHiManbHa
| 3miwanuii 4YCC>403a 1 x8 ABO < 40 3a
1 xB <10 c 3/6e3 acucronii < 3 c
AT 3HMXyeTbCs [0 nagiHHg YCC
. MinimanbHa YCC < 40 3a 1 xB npo-
Kapaio-

Tarom 10 ¢, ane acuctonii > 3 c He
PEeECTPYETHLCA
AT 3HMKY€eTbCs A0 nagiHHa YCC

Ila  iHribiTopHuMi
6e3 acucronii

Kapgio- Acuctonis > 3 ¢
Ilb inri6iTopHuii 3 YCC 3HMXKYETbCS 0aHOYacHO 3 AT ABO
aCUCTONIE 3HmxeHHa YCC nepenye nagiHHwo AT
m Bazopen- 3HmxkeHHs YCC < 10 % Bip,
pecopHuii MakcumanbHoi YCC

sIBJIEHWH, TOMY Ha CbOTOJHIIIHIN JIeHb I[i MaI[iEHTH 00-
MeXeHi B KOHCEpBAaTUBHOMY JiKyBaHHi [4,6,10]. OfHak
BapTO 3aCBiYMTH, 1110 iICHYOTh I00JUHOKI HAayKOBI pari
3 IPUBOAY JOCTiPKeHHS1 ePeKTUBHOCTI KapAioHelpoa-
611l y manieHTiB 3 BazogenpecopHumM tunom BBC [12].
3rifiHo 3 KJIIHIYHMMU peKoMeHJaligaMU EBPONENCbKOro
ToBapucTBa kapaiosoriB (ESC) 2018 poky [1], TI/IT-TecT
BapTO PO3I/IALATH K OJUH 3 OCHOBHUX HEIHBa3MBHUX
MeTo/iB AJis1 AudepeHiiHOIl A1arHOCTUKY Y MAL[iEHTIB 3
nizi03poto Ha pedJIeKTOPHE CUHKOIE, OPTOCTATUYHY Ti-
MOTEH3i10, TOCTYpaJbHYy OPTOCTATHUYHY TaxXiKap/iro abo
NICUXOreHHe CUHKoIle. Y Iili HayKOBiM Mpali npejcras-
JIEHO Cy4YacHi AaHi mono giarHoctudHoi poJi TI/IT-Tecty
MpU Ba30BaraJbHOMY CUHKOTIE, 3Ha4eHHs Kyiacudikarrii
VASIS, a Takox pe3y/ibTaTU BJACHUX KJIHIYHUX CIIOCTe-
peXeHb, L0 LII0CTPYOTh IPAKTUYHY LIHHICTb LIbOTO Ai-
arHOCTHUYHOTO MiJIX0AYy AJIS BU6OPY MOAA/IbIIOI TAKTUKH
JIIKyBaHHA 3aJ1exKHo Bij Tuny BBC.

Meta. Busnauyutu posab TUIT-Tecty mix yac gocii-
JPKeHHsI aBTOHOMHOI HEpPBOBOI CHUCTEMHU Ceplifd Ta MOTo
BIJIUB HAa BUOIP TaKTUKH JIiIKyBaHHs NaLli€HTIB i3 Ba3o-
BaraJlbHUM CUHKOIIE,

MaTepiaim Ta MeTogM. Bysno mpoBeseHO peTpo-
CHeKTUBHUH aHai3 AaHuX 40 BixiOpaHuX MaIieHTiB, sKi
3BepHyaucs ao Y «HanioHaqbHUNA IHCTUTYT ceplieBo-
cyauHHOI Xipyprii iM. M.M. AMocoBa HAMH VYkpainu», 3
NPUBOAY PeLUAUBYIOYHNX CUHKOIIE Ta MaJId IO3UTUBHUMN
pesynbraT TIIT-Tecty. Cepen o6cTexxeHnx — 30 4oJ10Bi-
KiB Ta 10 iHOK, cepe/iHil BiK mauieHTiB ck/iaB 37,8 *
11,6 poxkiB (Big 15 g0 69 pokiB). KputepisgmMu BKJIIOYEH-
He OysM: BiZICyTHICTB CTPYKTYypHOI maToJorii ceprs 3a
JMlaHUMU exoKapaiorpadii, BUK/JIIOUeHHsS] OPTOCTATUYHOI
rinoTeHsil Ta 3HA4YyLMX apUTMIilA 9K NPUYUH CHHKOIIE,
MiHIMyM /iBa eni3041 HENIPUTOMHOCTI IIPOTATOM OCTaH-
HBOI'0 POKY, @ TAKO>X II03UTUBHA BIJIIOBI/ib 3a pe3yJbTa-
tamu TIJIT-TecTy. Yci nanieHTH NpoMIIN cTaHJapTHUH
OPTOCTAaTUYHUH TeCT Ha HaxuibHOMY ctodi (TI/IT-Tect)
AJid IHAYKLiT cuHKoIe. TeCcT NpoBOAMBCA 32 KJIAaCUYHUM
iTanicbKUM OPOTOKOJIOM: Tic/asi 5-XBUJIMHHOIO Bif-
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MopyweHHa puTMy cepus

MOYMHKY B MOJIOKEHHI JIeXKauM MallieHTa MiAidiMaau Ha
HaxuJIbHOMY cToJi mig kyTtoM 60-70°. ®asa macuBHOL
BepTHKaJjizalii TpuBasa 20 xBuauH. [Ipu BifcyTHOCTI
CUMITOMIB NPOTATOM nacuBHOI ¢pas3u nmpoBoguan dap-
MaKOJIOTiYHY MPOBOKaIlil0 — CyOGJIiHrBaJibHE BBEJEHHS
200-400 MKT HiTpOTJIiLlepHUHY 3 OJAJIbIINM ITepebyBaH-
HSIM y BEPTHUKAJbHOMY MOJIOXKEHHI J0AaTKOBi 15 XBHU-
JIVH a60 /10 BAHUKHEHHSI CHHKOTAJIbHOTO eMi30.y.

[lix 9ac TecTy 3ailicHIOBaBCs 6e3nepepBHUNA MOHITO-
puHr cepreBoro putMmy (EKI') Ta HeiHBa3uBHe BUMiplo-
BaHHS apTepiaJIbHOTO THUCKY, 1[0 J03BOJISJIO AETaJbHO
3adikcyBaTH reMoJMHAMI4Hi 3MiHH.

Kputepisimu nosutuBHoro TIJIT-TecTy BBaXKaJsucs:
PO3BUTOK IPECUHKOTIE a60 CUHKOIIE, BiZITBOPEHHS CUMII-
TOMIB Nalli€EHTa Y MOEAHAHHI 3 060 EKTUBHUMH O03HAKaMHU
rinoreHsii (3HWKeHHsA cucTosivyHoro AT < 80 MM pT. CT.)
Ta/a6o 6pagukapaii (UCC < 40 yx./xB abo naysa > 3 ¢)
y BepTUKaJIbHOMY noJioxkeHHI. [licisa npoBegennsa TIJIT-
TecTy i BcTaHOBJieHHs1 fiiarHo3y BBC yciM manieHTam
Ha/laBa/id peKoMeH/aljil 11010 HeMeJMKaMeHTO3HHUX 3a-
XO/iB (YHUKHEHHS TpUrepiB, 36iblIEHHS CIOKUBAHHS
CoJIi Ta piiMHU, HABYaHHS KOHTpPMaHeBpaM ToIio). Jo-
JlaTKOBO TaKTHKa MOAAJbIIOro JIiKyBaHHA BU3HayaJa-
CA IHAMBIAYaJIbHO HA OCHOBI THIY peakIiii Ta TAXKKOCTI
nepebiry (4actora penyAuBiB, TpaBMaTH3allis Mif 4ac
CUHKOMNA/JILHOTO CTaHy Tolo). [lanieHTam i3 JoMiHaHT-
HUM KapAioiHTiOiTOPHUM KOMIIOHEHTOM Ta YacTHMH
penuMByIOYMMU CUHKOIIE IPONIOHYBaJ/IM iIHBa3UBHI Me-
TOJA U JIIKYBaHHA: IMIIJIAaHTAL[il0 BOKaAMEPHOTO KapAioc-
tumyssatopa (IIIBPC) a6o kaTeTepHy abJisIit0 TapacuM-
NaTUYHUX TaHIVIIOHAPHUX CIJIETEHD [4,5].

Pimenus mwogo imnuantanii IIBPC npuiiManocs y pa-
3i 3a/J0KyMeHTOBaHOI acuCTOJIii miJ 9ac TecTy a6o mpu
HasBHOCTI TpaBMAaTHYHUX CHHKOIle 6e3 MpoJpoMaJib-
HUX CTaHiB, MepeBaXKHO y MalieHTiB cTapiue 40 pokis,
BiAITIOBiTHO Z10 cyyacHUX pekoMmeHani [1,14]. Kapaio-
HeWpoabJIAnilo po3rsfaIu K albTepHATUBY AJS Bij-
HOCHO MOJIOAMX MalieHTiB. OcTaToyHe pillleHHs 3 MpHU-
BOZly BUGOPY iHBAa3WBHOIO JIIKyBaHHSI NPUUMaJsIOCs pa-
30M i3 narieHToM mic/si 06TOBOPEHHS BCiX HETAaTHUBHUX
Ta NO3UTUBHUX ACIEKTIB TOro 4u iHWoro Mmeroxy. Ilani-
€HTaM 3i 3MillaHKWM Ta Ba3ojenpecopHuM Tunamu BBC
06Upasi nepeBaKHO KOHCEPBATHUBHY Tepallilo (yHUKaH-
Hsl TpUTepiB, HABYaHHA KOHTPMaHEBpaM TOIIO), 3a MO-
TpeboI0 MpU3HAYaIN MeIMKaMeHTO3HY Tepamnito (MiJo-
IpuH, QJIYAPOKOPTHU3O0H); YACTHHI MaIli€HTIB, AKi MaJu
3Mmimadui Tun BBC Ta BUpakeHUH KapAioiHTi6iTOpHUI
KOMIIOHEHT, IPONOHYBaJX BUKOHAHHA iHBa3UBHUX Me-
TOZIB JIIKyBaHHSA. ¥ X0/ AOCAipKeHHS POaHaJi30BaHO
pesynabratu TIJIT-TecTiB, po3nofis TUMNIB Ba3oBaralb-
HUX CUHKOIIE, 2 TAKOX 0OpaHi MeToJH JIiKyBaHHS [Jisi
koxkHoro tuny BBC. [laHi y3arasibHeHi 3 BUKOPHUCTaH-
HSIM OIMMCOBOI CTAaTUCTHKMU. J|JI1 OLiHKU BiZMiHHOCTEH
MDK TpylnaMd 3acTOCOBYBaJIU sIKiCHI MOPiBHSHHS 06e3
NpOBeJieHHA CKJIaJIHOTO CTATUCTUYHOI0 aHaJ1i3y 3 OrJid-
Jly Ha eKCIIJIOPaTOPHO-OMKUCOBUH XapaKTep pOOOTH.

Pe3ynbraTH. Y BCix 40 o6cTexxenux nanieHTtis TIIT-
TEeCT /J1aB MO3UTHUBHUM pe3yJbTaT, MiATBepUBILIN Ba30-

BaraJibHUM reHe3 HenmpuTOMHOCTI. Po3nogin Tunis BBC
3a kjacudikaniero VASIS 6yB Takum (Tabaungd 2): y 24
nauieHTiB (60 %) amiarHOCTOBaHO KapAioiHTriGiTOpHUH
Tun peakuii, y 11 (28 %) - 3mimanuii Tumn, y 5 (12 %) -
BazozenpecopHui TUIl. CepeJi KapAioiHTiOITOPHUX peak-
il y 16 manieHTIiB crocTepirajacs TpaH3UTOPHA acUC-
Toutist moHaz 3 ¢ (VASIS IIb), Tozi ik y pelrTy namieHTiB
(8) mana micie BupakeHa GpasuKapzis 6e3 acucToJiii
(VASIS Ila). ¥ marnieHTiB 3i 3MilIaHUM THIIOM CHHKOIIE
3HA4YHe Ma/liHHS apTepiasibHOT0 TUCKY MOENHYBAIOCH 3
noMipHo0 6pagukapaiero (maginaa YCC >10 %, ane 6e3
acucroJii). Y Buna/ikax Ba3oielIpecopHOro TUITY CHHKO-
ne Bifj3Ha4yas0Ccd pi3Ke 3HWKEHHSI CUCTEMHOIO CY[HUH-
HOTO TOHYCY 3 TilOTeH3i€l0, pU oMY pedJieKTOpHA
6pagukapaisa 6ysna miHiManbHoto (UCC 3HMKyBaJsacs He
6isbmre Hixk Ha 10 % Bij BUXiAHOI), GiJIbII TOTO, V IETKUX
MaLi€EHTIB rinoTeH3id CynpoBOpKyBaiacd TaxiKapAi€lo.

Ta6bnuusa 2

Po3nodin nauienmis 3a munamu 8a308a2abH020 CUHKONE
32i0H0 knacugikayii VASIS

3aranbHa KifbKiCTb NaLi€HTIB, N 40

Po3nopain 3a Tunom BBC

3™miwannii Tin, n (%) 11 (28 %)
KapaioiHribitTopHuii Tvn, n (%) 24 (60 %)
BasonenpecopHuit TMR, n (%) 512 %)

Ilepebiz TI/IT-mecmy. [lif yacnpoBenenus TIIT-Trecty
cuHkone y 36 (90 %) mauieHTiB BUHUKJIO Nif, 4ac ¢pasu
poBoKariii HitporyinepuHoM; y 4 (10 %) - mijg yac pasu
nacuBHOI BepTUKaJizauii. CepefjHil yac 0 CHHKOIE MiJ,
yac ¢asu macuBHOI BepTHKaJisanii ckyias 10,8 + 2,1 xB
(Bix 8 mo 15 xB), mpu IIbOMY He BpaxoBaHO ¢asy 5-XBU-
JIMHHOT'O BIZINIOYUHKY. Y NaLI€HTIB, y AKUX CUHKOIIe BU-
HUKaJIO Tic/asA mpoBoKalii HiTporsinepuraoMm (n = 36),
yac 10 CUHKoIe cTaHOBUB 4,2 *+ 2,3 xB (Big 1 70 13 xB); v
1[ei yac He BKJIIOYEHO a3y 5-XBUJIMHHOTO BiATOYMHKY
Ta ¢$asy nacuBHOi BepTHKasizanii. Cepio3HuX yckJaj-
HeHb Nif| yac TecTyBaHHs He 3adikcoBaHo. B 8 Bunaza-
Kax y 3B’I3Ky 3 aCUCTOJIi€I0 MOHA/, 6 C BUHHUKJIA HEOOXif-
HICTh TEPMiHOBOTO NPUIIMHEHHS TECTY Ta lepeBeeHHS
MalieHTa y FOPU30HTAJIbHE N0JIOKEHHS, MMicJs 4OTO0 CBi-
JoMicTb BigHoBUMacA. 2KoAHUX peaHIMaLiiHUX 3aX0/iB
He 3aCTOCOBYBaJIU.

PilneHHs m0/,0 noAasbuiol TAKTUKY JIIKYBaHHA NIPU-
MMaJiocsl CHiJIbHO 3 NAllieHTOM Micjis BU3HAYeHHS TH-
Iy Ba30BarajJbHOr0 CUHKOIE Ta MOJAHO CXeEMaTHU4YHO B
Tabsuni 3. IlanieHTam i3 kapAioiHTiGITOPHUM THIIOM
(n = 24) o6panu Taki crparerii sikyBaHHs: 14 i3 HUX i3
peLuINBYIOUMMHU CUHKOIIE BUKOHAJIU KaTeTepHy abJis-
[[il0 TapacMMIaTUYHUX TAHIVIIOHAPHUX CIlJIeTeHb (6e3
YCKJIaJiJHEeHb, i3 0Aa/IbILIUM yCYHEHHSM Baryc-onocepes-
KoBaHOI fucdyHKIil chHycoBoro By3.a); inui 10 BigMo-
BUJIMCA Bijj iIHBa3WBHUX BTPYy4aHb i po3noyaiy KOHcep-
BaTHUBHY Teparilo (¢pi3uyHi KOHTpMaHeBpH, 306iblIeHe
CHOXKMBAaHHS PiJMHU TOI0). Y TPyi 31 3MillITaHUM TUIIOM
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Ta6bnuusa 3

Po3nodin memodig nikysaHHs 8 3anexHocmi 8id muny
8030802A/1bHO20 CUHKONE

3aranbHa KinbKiCTb NaLieHTiB, n 40
3MiWwaHui Tmn: 11

o IHBa3MBHe NiKyBaHHA 6 (55 %)
o KoHcepBaTtuBHa Tepanis 5 (45 %)
KapgioiHri6iTopHuit TMn: 24

o |[HBa3MBHE NiKyBaHHSA 14 (58,3 %)
o KoHcepBaTtuBHa Tepanis 10 (41,7 %)
BasoaenpecopHuii Tmn: 5

o IHBa3MBHe NiKyBaHHA 0

o KoHcepBaTtuBHa Tepanis 5 (100 %)

BBC (n = 11) xapzioHeipoabssiis 6y/1a 3acTOCOBaHA y
6 mauieHTiB, peurta 5 nepe6yBalOTh HA KOHCEPBATUBHIN
Tepallil. [HBa3uBHe JIIKyBaHHA y NALI€EHTIB i3 Bazogenpe-
COpHUM THUIOM (n = 5) Ba3oBaraJbHOT0 CUHKOIIe Hapasi
Mae o6MexxeHe 3actocyBaHHd [10,12], TOMy BOHM TaKOX
nepe6byBalOTh HA KOHCEPBATUBHOMY JIiKyBaHHI.

3arasiom 20 manieHTiB TPOUILIN BTPYYaHHS 3 abJis-
1ii mapacMMNaTUYHUX FAHIVIIOHAPHUX ciieTeHb. [lle 20
nepebyBalOTh Ha KOHCEPBATUBHIK Tepanii. Ha cboroHi
Hal6isblla epeKTUBHICTD KapAioHeHpoab il 1oBe/e-
Ha y nauieHTiB i3 kapzioinri6iTopuum tunom (VASIS II)
Ba30BaraJbHOTO CHHKOIE, TOAI K ePeKTHUBHICTb IIi€l
MeTOAMKHU Yy MallieHTIB i3 Ba30/eNpecoOpHUM THUIIOM 3a-
JINIIAETHCS AUCKyTabenbHOo [10].

O6roBopeHHs. OTpuMaHi pe3yJbTaTH MiJTBEPHKY-
I0Tb BUCOKY JlarHoctuyHy LiHHicTh TI/IT-Tecty y Be-
pudikanii BasoBaraJbHOro cCuHKoIe. Ha chorogHi came
TIJIT-TecT € HaAWOGi/JBII PO3NMOBCIOAKEHUM HeiHBa3UB-
HUM METO/IOM TeCTYBaHHS aBTOHOMHOI HEpPBOBOI CUCTe-
MM cepld nanieHTa. HesBaxkarouu Ha MOKJIMBI Opy1LIeH-
Hf PUTMY (BUpPa)KEHY CUHYCOBY OpaZMKapzito, CHHYyC-
apect a6o AB-6Js10Kka/y), 1[0 MOy Tb 6y TH CIPOBOKOBaHi
i, yac Joc/ipKeHHs], 0COOJIMBO yV MAL[iEHTIB 3 Kapzio-
inriiTopaum Tunom BBC, TI/IT-TecT 3amumaeTbcsa 6e3-
[IeYHUM MeTOZOM JiarHOCTHUKHU. Y HALIOMY JOC/IpKEeHHI]
y 40 nanieHTiB i3 migo3poto Ha BBC nmosutusHa Bigmno-
BiJb 6ys1a oTprMaHa y 100% Bunazkis. Takuil Bucokui
BiZICOTOK MO3UTHUBHUX pe3y/IbTaTiB 4aCTKOBO 3yMOBJIEe-
HUH Bi0OpOM MAlieHTIB (A0 aHaTi3y BKJIIOYEHO JIMILE
oci6 i3 kiiHiYHO BepudikoBaHuM BBC Ta mMO3UTHBHUM
TIJIT-TecTom). Bigomo, 110 B peasibHil MpaKTHUIi YacTKa
nosutuBHuxX TIJIT-TecTiB KosMBaeTbea Big 60 g0 80%
3aJIeXKHO Bif, BUXIZHOI IMOBIpHOCTI AiarHo3y Ta 3acTo-
coBaHoro npoTtokoJy [3,8,13]. BukopucranHs HiTporJIi-
LIepUHOBOI NPOBOKALlil CIPUSE MIJABULLEHHIO Yy TJIMBOCTI
TecTy 6e3 3HaYHOI BTpaTH crenudidyHOCTi, 1110 migTBep-
JOKyeTbCA M HauMu JanuMH (90 % ycix CMHKoNa/IbHUX
CTaHiB HacTaJ/Iu Mic/is BBeJleHHs HiTporinepuny). Ham
aHauli3 MiATBEP/KYE pesieBaHTHICTh Kaacudikanii VASIS
y KJIiHI4HI} npakTuli. Byso BUsABJIEHO BCi TPU OCHOBHI
TUIU Ba3oBaraJbHUX peakllii, 0JHaK PO3MOo/iJ NaljieH-
TiB 3a TunoM BBC Mae HeTUNOBUM naTepH. Y GiabIIOCTI
Cy4aCHUX HAayKOBUX JOCJi/PKeHb HAHGIIbIIY YaCTKy Ba-
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30BaraJlbHUX CUHKOIE CTAHOBJIATH MaLliEHTH 3i 3Milla-
HuM tunom (VASIS 1) [3,8,13]. Hama koropTa maijieHTiB
MaJla HeTUIIOBUM NaTepH po3mno/iay. binbuicTe naieH-
TiB (24) Masiu Kap/ioiHTi6ITOPHUM THUIT Ba30BaraJbHOTO
CUHKOTIE, SKUM Yy TI0JjaJIbIIOMY 6yJI0 peKOMEH/J0BAHO iH-
Ba3WBHe JIIKyBaHHS Y BUIVIA/I KapAioHeHWpoaobssanii. e
MOB’sI3aHO 3 GiJIbII peTeJbHUM BiI6GOPOM NALiEHTIB AJIs
MOAAJIbIIOr0 JiKyBaHHS 3a JOINOMOTr00 iHBa3UBHUX Me-
ToAWK. YOTUPHAAUATD MAI[i€EHTIB 3 KapAioiHTiGITOPpHUM
TUIIOM NPOULLIM aGJANiI0 TaHIJIIOHAPHUX CIIETEHD
yepe3 BBC; mecTepo nauieHTiB 3i 3MilllaHUM THUIIOM Ta-
KO MPOUIIJIN KapAioHEeHpoabIALio Yepe3 BUPaKeHUH
Kap/ioiHri6iTOpHUHE KOMIOHeHT. Bci iHmi 20 marjieHTiB
(cepen sxux 10 nmamieHTIB 3 KapAioiHTiGITOPHUM THIIOM,
sIKi BiZIMOBUWJIUCBH Bij] 6y/ib-IKUX BTPy4YaHb; 5 mali€eHTiB
3i 3MilIaHUM THIIOM, Y SIKMX He 6yJI0 BUPaXKEHOT0 Kap/Ii-
0iHTi6iTOPHOTO KOMIIOHEHTY; Ta 5 Malli€eHTIB 3 Ba3oje-
npecopHuM TunoM BBC) nepe6yBatoTh miJ AMHaAMiYHUM
CIIOCTepPEKEHHAM Ta OTPUMYIOTh KOHCEpBAaTUBHE JIIKY-
BaHHA. BaXk/IMBO MifiKpecanTH, 1110 HeraTUBHUU pe3yJib-
taT TIJIT-TecTy He BUKJIIOUYaE pedieKTOPHOI TPUPOAU
cuHkorme. OkpiM Toro, npoBeJieHHd TEeCTy Mij, HarIA40M
Jl03BOJISIE JIiIKaplo HABUUTHU NallieHTa po3ni3HaBaTH Npo-
JlpoMaJsibHi CTaHM ¥ BYaCHO 3aCTOCOBYBAaTH KOHTpMa-
HeBpH 151 IpodiaKTUKH cCHHKoTIE. lle € omHUM i3 mo-
JlaTKOBUX BapiaHTIB KOHCEpPBAaTUBHOTO BeJleHHS TaKHUX
Mali€eHTIB.

BaxksiuBo, o kiiacudikaris VASIS Mae He Jinile aka-
JleMiuHe 3Ha4YeHH, ajle ¥ NpaKTU4YHY KOpUCHicTb. BoHa
JI03BOJISIE BHU3HAYUTH NPOBiIAHUHA maTodisiosorivyHui
MeXaHi3M CHHKOIe Y KOHKPeTHOro Hali€eHTa Ta BiJNo-
BiZJHO afanTyBaTH CTpaTerilo MOJaJbLIOTO JiKyBaHHS.
30KpeMa, BUSIBJIEHHS Kap/i0iHTi6iTOPHOT'0 KOMIIOHEHTY
(VASIS 1la/IIb) € migcTaBoto AJIs PO3TJISAAY KapAioCTUMY-
Js1ii a6o KapioHeipoab AL, Toi IK Ipy Ba3ozernpe-
copHomy Tumi (VASIS III) ocHOBHUU aKIleHT POOGUTHCS
Ha KOHCEPBAaTHUBHUX 3aX0/|ax AJ1s1 MPO}iTaKTUKU CHHKO-
[aJIbHUX CTaHIB.

OTXe, AOCBiJ HALIOrO AOCJIPKEHHS MigTBEPKYE,
mo BuGip Tepamnii npu BBC nmoBuHeH 6a3yBaTucs Ha iH-
JUBIiya/li30BaHOMY MiAXOZI 3 ypaXyBaHHSIM THUIy Ba-
3oBarasibHOI peakmii (VASIS) Ta TsDKKOCTI KJiHiYHOTO
nepebiry. Knacudikaris VASIS BusiBUIacs KOpPUCHOIO
s cTpatyudikarii marieHTiB, OCKiJIbKM BOHa JloloMa-
ra€ 4iTKO BUAIJIUTH TPyNy 3 KapAioiHTi6iOpHUM THUIIOM,
AKMM Ha CbOTO/IHILIHIN JleHb HaZla€ThCA llepeBara B Ipo-
Be/leHHi iHBa3WBHUX BTPY4YaHb (KapAioCTUMYJIAILIsA abo
Kap/iioHelpoabJisAlis). Y ToH ke 4yac, maijieHTaM 3 Ba-
30/IePECOPHUMHU PeaKIisIMU GyJI0o YCHIITHO MiAi6paHo
IHAUBIlyaJIbHI HEMEeJUKaMEeHTO3HI Ta MeJMKaMeHTO3HI
cTparerii 6e3 3acTOoCyBaHHS 3alBUX iHBa3WUBHHUX BTPY-
4YaHb. BapTo OKpeMo BUJIJIUTHU MALIEHTIB 31 3MilIaHUM
TUnoM BBC, ki Ha cbOroiHIIIHIN AeHb NPeJCTaBJSIOTh
3HAYHUU KJiHIYHUU iHTepec. CaMme y 1i€l kaTeropii na-
LIEHTIB MOKHa PO3T/IAZATH NOEAHAHHSA IHBa3UBHUX Ta
KOHCEpPBAaTUBHUX METO/IB JIIKYBaHHA [Jif JOCATHEHHS
HaWGiIbIIOr0 KJIIHIYHOTO ePeKTy Ta MaKCHMaJIbHOTO
3MEHILIEHHS KiJIbKOCTi peluJvBiB CHHKOIE, 0COGJIMBO
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MopyweHHa puTMy cepus

3a HasIBHOCTi 3HAYHO BUPAKEHOTO KapZioiHTriGiTOpHOTO
koMmnoHeHTy [10]. BapTo mizakpecsuTH, mo edpeKTHB-
HiCTb BTpy4YaHb HeOOXi/[HO PETY/ISIPHO MEPEeOL[iHIOBATH.
Hanpuksazg, HaBiTh micas iMniadTtauii HIBPC yu Bu-
KOHaHHSI Kap/ioHeHpoab.iAlii maieHTH MOBUHHI Mpo-
JIOBXKYBaTH JOTPUMYBATHUCS 3arajbHUX acleKTiB Hpo-
¢bislakTUKK i mepebyBaTHU TiJ MOCTIHHUM MeAUYHUM
HaraA4o0M. TakoX 3a/lMLIAE€TbCA BIJKPUTHUM HNUTAHHA
JOBTOTPHUBaJIOi ebeKTUBHOCTI abJsIii raHTiIOHApHUX
CIJIETEHb Ta AOLiJIbHOCTI i 3aCTOCYBaHHSA Y IMHUPILiH KO-
ropTi manieHTiB (3MilIaHUH Ta Ba30JlePECOPHUMN THUIIH
BBC) - 11e HanpsIMOK /11 Mal6yTHIX 10C/Ti/[>KEHD.
BucHOBKH
1. TUIT-TecT Bifjirpae npoBifHY poJib y [1iarHOCTHIIi Ba-
30BaraJlbHOro CMHKOIIe MiJi 4acC OLiHKM aBTOHOMHOI
HepBOBoOi cucTeMu cepls. Lle 6e3neynudi, iHpopma-
TUBHUM Ta HaWGIJbII MOUIUPEHUN METOJl, AKUU J10-
[[IJIbHO 3aCTOCOBYBAaTH y BCiX MaLi€HTIB i3 Mi03pOI0

Ha pedJIeKTOpHE CHHKOIIe, OPTOCTATHYHY TillOTeH-
3i10 TOIL0.

. Bepudikanis pesysapratiB TIJIT-TecTy mpoBOAUTHCS

3 BUKOPHUCTAHHAM KJacudikanii VASIS, ska € 3pyy-
HUM IHCTPYMEHTOM JJi1 BU3HAUYeHHA TUIy Ba30Ba-
rajpHOro cuHkorme. YiTka imentudikarnis tuny BBC
Jlae 3Mory cpopMyBaTH ONTHUMAJIbHY TAKTHKY IO-
JasIbLIOTO JIIKYBaHHS.

. IMn1aHTaLig WITYyYHOTO BOAIA pPUTMY CEpPLA Ta Kap/i-

OHeNpoabIAllis MoKa3aIu Hau6i/IbIy ePeKTUBHICTD
y MaIieHTiB 3 Kap/Ai0iHTi6ITOPHUM THUIIOM.

. [lanienTw 3i 3mimanum Tunom BBC MoxkyTh MaTH mo-

3UTUBHUHN ePEeKT BiJl KOMOIHOBaHUX CTpaTeTiH JiKy-
BaHHS.

. [laienTam 3 BasoJernpecopHUM THUIIOM PEKOMEH-

JIOBAaHO 3aCTOCYBaHHSI KOHCEPBAaTUBHUX 3ax0/liB
(30inbLIIEHHST CMIOKUBAHHS PiAMHMU, COJIi, HABYaHHS
KOHTPMaHeBpaM TOIIIO).

10.

11.

12.

13.

14.

CnvCOK BUKOPUCTAHUX JKepeJl
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Tilt Test as a Primary Non-Invasive Method for Testing Cardiac Autonomic Nervous System
Function in Patients with Vasovagal Syncope

Dmytro A. Tymoshenko?, Mykola V. Derkach?, Alina V. Topchii?

*Amosov National Institute of Cardiovascular Surgery, Kyiv, Ukraine
2MC Docos Medical, Kyiv, Ukraine

Abstract

Introduction. Syncope is a sudden, brief loss of consciousness with rapid spontaneous recovery, caused by
transient global cerebral hypoperfusion. Among various causes of syncope, the most common are reflex mechanisms,
particularly vasovagal syncope (VVS) [1]. At present, the tilt test is the most widely used non-invasive method for
testing the cardiac autonomic nervous system. Tilt test results are verified using the modern VASIS classification,
which distinguishes three types of vasovagal syncope.

Aim. The aim of this study was to determine the role of the tilt test in assessing the cardiac autonomic nervous
system and its influence on the selection of treatment strategies for patients with vasovagal syncope.

Materials and Methods. A retrospective analysis was conducted on data from 40 patients who presented to
the Amosov National Institute of Cardiovascular Surgery with recurrent syncope and had a positive tilt test result.
Among those examined were 30 men and 10 women, with a mean age of 37.8 + 11.6 years (with an age range
of 15-69 years). The tilt test was performed according to the classical Italian protocol. Following the test and
confirmation of vasovagal syncope, each patient was assigned an appropriate treatment strategy - ranging from
conservative management to invasive interventions.

Results. All 40 patients had a positive tilt test result, confirming the vasovagal origin of syncope. This high rate
of positive responses likely reflects careful preselection of candidates for potential invasive treatment. Syncope
occurred in 36 patients (90 %) during the nitroglycerin provocation phase and in 4 patients (10 %) during the
passive tilt phase. The mean time to syncope in the passive tilt phase was 10.8 + 2.1 minutes (range: 8-15 minutes),
while in the nitroglycerin phase it was 4.2 + 2.3 minutes (range: 1-13 minutes). A cardioinhibitory type was identified
in 24 patients (60 %), a mixed type in 11 (28 %), and a vasodepressor type in 5 (12 %).

Treatment strategies were determined jointly with the patients. Fourteen individuals with recurrent syncope
and a pronounced vagal component underwent catheter ablation of parasympathetic ganglionated plexi, with no
procedural complications and complete resolution of vagally mediated sinus node dysfunction. Another 10 with
the cardioinhibitory type opted for conservative therapy. Among those with the mixed type, six underwent
cardioneuroablation, while the remaining five were managed conservatively. Invasive interventions for the
vasodepressor type remain uncommon [10,12], and these patients were treated conservatively.

Conclusions. The tilt test plays a crucial role in diagnosing vasovagal syncope by assessing the cardiac autonomic
nervous system. Accurate classification of the vasovagal syncope type using the VASIS classification directly influences
subsequent treatment decisions. According to numerous contemporary studies, invasive treatments demonstrate
the greatest effectiveness in patients with the cardioinhibitory type of vasovagal syncope.

Keywords: loss of consciousness, diagnosis of reflex syncope, conservative therapy, pacemaker implantation,
cardioneuroablation.
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3YkpaiHcbKa BiliCbKOBO-MeAMYHa akadeMiis

Oco6nMBOCTI AiarHOCTUKM Ta XipypriYHOro NiKyBaHHS y1aMKOBOi emMb6onii
NpaBoro WIYHOUYKA NpU MiHHO-BUOYXOBUX NMOPAHEHHAX

Pe3iome

Ha okpeMe Micle cepe/; yJ1laMKOBUX IIOPaHeHb BUXOAUTD YJIaMKOBa eM00J1isl ceplisl Ta CYAUH, 110 € PiJKICHUM
HaCJiZIKOM 6aTiCTUMHUX YIIKO/KEHD i OJISITA€ B TPABMAaTUYHOMY MPOHUKHEHHI B KPOBOHOCHY CYIUHY CTO-
POHHBOTO Tisa (3a3BUYai KyJii a60 yJaMKa), IKe MOTIM MPOJI0OBKY€E MIrpyBaTH B3/[0BX TPAEKTOPIi CYyAUHU B
iHIy yacTHUHY Tija. PiiKicHICTh TaKoOro ypaskeHHs i 3HaYHa BapiabesibHICTh K/IIHIYHUX MPOSIBIB PU3BEJH /10
BiICYTHOCT] HanpalbOBaHUX CTpaTeTi! JIiIKyBaHHsA ab0 BeJJeHHS TaKOr'o CTaHy.

MeTa. Ha ocHOBIi JjoCBily JlikyBaHHSI MiHHO-BUOYXOBUX IOPAaHEHb MPEACTABUTH 0COGJIMBOCTI Nepebiry, aia-
FHOCTHUKH Ta TAKTUKH JIiIKyBaHHS yJIaMKOBOI eM00J1il paBUX BiAi/MiB ceplis.

Matepiaau Ta MeToAau. Haw focBiz JlikyBaHHS MiHHO-BHOYXOBHX IOpaHeHb CKJIaAa€e 72 BUNAKU. [lopaHeHH:A
Oesrnocepe/IHbO Ceplis criocTepiranocd y 33 nopaHeHux. Jlokasizalis yJ1aMKiB y TOPOKHUHI TPaBOTo0 HIJIYHOUKA
JiarHoctoBaHa y 14 nauieHTiB. Y1aMKoBa eM00JIisl TOPOXXKHUHU MTPABOro LIIyHOYKa Ceplis criocTepiraaacs B 4 BU-
nmajiKax, o ckiano 5,8% Bij 3arajbHOI KiJIbKOCTI XBOPUX 3 MiHHO-BUOYXOBUMU MopaHeHHAMU. [IpoBigHUM Jia-
THOCTUYHHM METOZOM, 1110 I03BOJIMB BUSIBUTH yJIaMOK, 6ys1a KT 3 KOHTPaCTHUM Ii/ICHIEHHSM Ta CHHXPOHI3alli€lo0.

Pe3yabraTu. BHac/1i10k MiHHO-BHGYXOBOTO YJIaMKOBOTO YpaXkeHHs Bci 4 mpecTaBJieHi NaLieHTH 6y/u nopa-
HeHiy BepxHi a60 HkHi KiHLiBKY. [Ipy bOMY nopy1LIeHHS [[iJIiCHOCTI rpyAHOI KJIITKHU a60 Aiadparmu He crno-
crepiranocd. Y BCix MOpaHeHUX BUABJIEHI YJIAMKU B TIOPOKHUHI IPABOro LIJIyHOUYKA. /liarHOCTHKA HAasABHOCTI
yJlaMKa B ceplii BibyJsacsl y pi3HU#l TepMiH mic/s nopaHeHHs - Big 1 fHa Ao 4 MicauiB. Yci xBopi 6ysu npo-
onepoBaHi 3i ITYYHUM KPOBOOGIroM, JOCTYIOM Yepe3 TPUCTYIKOBUM KJanaH. B ycix BUnajkax o3Hak nopy-
HIeHHS ITICHOCTI CTIHOK ceplisl He BUSIBJIEHO. HEOAMMOBUH MarHiT 3acTOCOBYBaBCs MiJ| Yac KOXKHOI onepariii.
BucHoBKU. [lonajlaHHs y/IaMKIB Yy BeHO3HI CyZIJMHU BepXHIX Ta HWXKHIX KIHI[IBOK MOXKe CyIIpOBOKYBATUCA Mirpa-
€0 CHapsiZia /10 MPaBUX BiJIITIB ceplis 3 MOAAJIBIIO (iKcalli€l 0 TpabeKyJ/1 MPaBoro MIJIYHOYKA Ta MOXKJIUBIC-
TIO NIOTIA/JaHHS B 6aceiiH siereHeBoi apTepil. Ha Haw norisy, /15 3ano6iraHHs Mirpauii yJ1laMkiB y cyliHU 6aceriHy
JlereHeBoI apTepil TaKTHKa BUJIa/IeHHS YJIaMKiB, 1110 3HaxX0AATbCs B nopoxxHuUHi [1111, Mae 6y Ty npiopuTeTHO!O.
Katlouoei caosa: subyxoea mpasma, y1amMko8i nopaHeHHsl, em6o4ist npagozo wiiyHouka, KT-diaeHocmuka yaam-
KOBUX ypaxceHb, 8UAA/IEHHS YAAMKI8, MAKMUKA JAIKY8AHHS, 03HAKU YAAMK0801 eM60il.

Pocilicbko-ykpaiHcbKka BiliHa, po3B’si3aHa poCiiCbKU-
MU oKynaHTamu y 2014 poui, nepeTBopu/acs Ha »op-
CTOKe ¥ KpOBOIPOJIMTHE MPOTUCTOSIHHS, ¥ IKOMY yKpa-

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

THCbKMU HaApo/, BiJICTOIOE HE3a/IEXKHICTh CBOEI ep>KaBU
Ta IpaBo XKUTH Yy BiNbHIN KpaiHi. L[4 BiiiHa He su1e 3Mi-
HUJIA TeOMNOJIITUYHY cUTYyalilo B EBpoIi, a i mocTaBUIa
nepej MeIUYHOIO CIIIJIbHOTOI HOBI BUKJIMKH, 30KpeMa B
raJjysi BilicbkoBOi MeZJMLIUHU. BUKOpUCTaHHS Cy4YacHOTO
030POEHHS CIPUYHHSIE 3HAYHO CKJIaAHiII, KOMOiHOBaHi
MOpaHeHHs, L0 BpaXkaloTh pPi3Hi YaCTUHMU Tija, OpraHu
U cucremu. Emimemis BorHemasbHUX mopaHeHb (BII) i
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TpaBM BHACJIiI0K BillHU 3 POCIi€I0 MPOJIOBXKYE 3POCTATH,
a 3HaHHs npo BII cTaloTk Bce akTyaabHIIIMMHU [1].

Hacsigkyn MiHHO-BHOYXO0BOi TpaBMH, BOTHeNaJbHI
MopaHeHHsI He 6YBalOTh OJJHAKOBUMHU JBivi. Buj cHaps-
Jla, pO3pUB, BUAKICTb NPOHUKHEHHS YU TUII YIIKO/Ke-
HUX M'SIKMX TKaHWH — aCIeKTH, sKi BIUIMBAIOTh Ha IO-
Jasblly CUMIITOMATUKY Ta CTaH Mali€HTa, AialrHOCTUKY
Ta MeTOJIM JIiKyBaHHs [1,5].

Cepen 6araTbOX THIIIB GOHOBUX TPaBM OCOOGJIMBY
yBary NpuBepTaE yJlaMKoBa TpaBMa cepld Ta cyauH. [1o-
PaHEHHs ceplisl B MePEeBAXKHIN OIIBIIOCTI CYyNPOBOIKY-
I0ThCS BUCOKOIO JieTa/lbHicTI0. OJHaK € BUNAQJIKU ITOpa-
HEHHS ceplis, [0 MOTPe6YIOTh XipypriuHoro BTpy4yaHHs
y BiIHOCHO Bifjla/leHui TepMiH micssi nopaHeHHs. [Ipu
LbOMY ypakaJIbHUHM areHT MOKe JI0OKa/i3yBaTUCh B pi3-
HUX JIIJITHKaX ceplid, BKJIIOYal4H K HOro NOPOXKHUHY,
TaK 1 CTIHKH, 1110 MOXe CTBOPIOBATH J0AATKOBY MOTEH-
LilfHy He6e3MneKy B pa3i iMoBipHOI Mirparii B pyxoMoMy
00’eKTi, IKUM € ceprie [4,5].

Ha okpeme Micue cepes y1aMKOBUX NOPaHEHb BU-
XOAUTb yiaaMKoBa emboutis (YE) cepus ta cygus. YE €
PiIKiCHUM HACJiIKOM 0aJliCTUMHUX YIIKOKEeHb, TaKUX
AK BOTHeMNaJIbHI IOpaHeHH4, 1[0 NO0JIAATa€ B TpaBMaTHU4-
HOMY IPOHUKHEHHI B KDOBOHOCHY CYAUHY CTOPOHHBOTO
Tisa (3a3BUYai KyJsii abo ys1amMka), iKe OTiM MPOJOBIKYE
MIirpyBaTHU B3/JI0BX TPAEKTOPIi CYAWUHU B IHIIY YacCTH-
Hy Tisa. [loTeHLifHI yCcKJIaJHEHHS YJIaMKOBOI eMG6oJTil
BKJIIOYAIOTDh IIIEMil0 KiHIEBHUX OpPraHiB, CENCUC i aHO-
MaJiil KJamnaHiB cepls 3aJieXKHO BiJ] ypaKeHUX CY[UH,
CyINyTHIX 3aNa/IbHUX NPOLECIB i KIHLIEBOTO MYHKTY NpPH-
3HauYeHHs, KyAu yJlaMoK eMmbouisye [1,15].

YactoTy KysboBoi eM60JIii BaXKKO BU3HAYUTH, aJie
B JiTepaTypi noBigomusiiocs, mo 0,3 % i3 mpubausHo
7500 xepTB BiliHU y B'eTHami Ta 1,1 % i3 346 xepTB
y BiliHax B Adranictani Ta Ipaky mpoaeMoHCTpyBaIu
03HaKH KyJIbOBOI a60 ys1aMKoBoi em6outii [4]. Husbkui
piBEHb YacTOTH TAKUX CTaHIB y OOMOBUX CIleHapisx
MOSICHIOETbCA HeraHWMHM CMepTeJbHUMHU YCKJaJHEH-
HSMH, NOB'SI3aHUMHU 3 BHUCOKOIIBU/KICHUMH CHapsija-
MM, OCKIJIbKH BUCOKOIIBHJIKICHI CHapsiiu 3 OLIBIIOI0
WMOBIpHICTIO CTBOPIOIOTH BUXiAHI paHM Ta MO6iuHI mo-
LIKO/PKEHHSI TKaHUH Yyepe3 BUCOKY KiHETUYHY eHeprilo,
361/IbIIYI0YH PU3UK CMEPTI [5].

Y 6inbmrocti BunazkiB YE BUHHMKA€e BHACTIJIOK YIIKO-
JOKEHb, CHPUYMHEHUX KYJSAMH MaJjoro Kajnaiopy a6o
yJlaMKaMHM 3 BiZJHOCHO HHU3bKOIO KIHETUYHOIO €HepTi€lo
[5,6]. OckinbKY cHapsiJ BTpava€e MBUAKICTD ITiJl 4ac mpo-
XO/KEHHS Kpi3b M'sIKi TKAHWUHU, HOTO KiHETUYHA eHep-
risi mporpecuBHoO 3MeHUIyeThCs [10]. [Jo MOMeHTY, KoK
CHapsJ NPOHUKAE B KPOBOHOCHY Cy[UHY, KiHeTH4YHa
eHepris KpOBOTOKY 3/jlaTHa NO/0JaTH KiHeTUYHY eHep-
rito cHapsify, fiKka MOTIM 37aTHA MPOOGHUTH JIUIIE OJHY
CTIHKY KPOBOHOCHOI Cy/IMHH, 3aJIMIIA0YUCH Y 1i TPOCBI-
Ti, 3BiJIKM BiH IOTIM pyXa€TbCsi KPOBOOGIroM /10 pi3HUX
CerMeHTIB L€l CyZIMHY, iHITUX KPOBOHOCHUX CYAHUH a60
0 KaMep cepud. YE MOXe BUHUKHYTH B apTepiaJlbHUX
a60 BEHO3HUX KPOBOHOCHHUX CYJIUHAX, IPUYOMY apTepi-
aJibHa eM6oJTi3anis cHapsi/ia 3a3BUYal BUKJIMKAE Gi/bII
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HeradHi CHMITOMH, BTOPUHHI Micjis apTepiasbHOI 06-
CTpykKuil Ta imeMii BixnmoBiguux TkauuH [3,8]. Tomy ap-
TepiasibHy eM6oJIit0 CJIiJl JIIKBiAyBaTH HIISXOM TepMi-
HOBOT'O0 €H/IOBACKYJISPHOTO JIIKyBaHHSI ab0 BiIKpUTOI
xipyprii [3,8].

BeHO3HI KpOBOHOCHI CyIMHU 4YacTillle ypaKalTbCA
YE, npudoMy HY>KHSI TOpPOXKHUCTA BeHa (25 %), cTerHo-
Bi BeHu (15 %) i migxtounyHi Beru (10 %) € HalGinbII
MOLIMPEHUMHU MiCUAMU BXoAy cHapsza. [Ipu nboMy cro-
CTEPIraETbCS HACTYMHUU PO3MOALA Micllb JiOKasi3alil
yJIaMKiB: ipaBe nepezcepas (9,7 %), npaBuii MJIyHOUYOK
(54,8 %), nereneBe aptepianbHe AepeBo (32,3 %) Ta
HIDKHSA nopoxHUcTa BeHa (3,2 %) [8,16]. Y 6inbiocTi
BUNa/KIiB BeHO3HOI YE cHapsaz 3pemToro Mirpye o cep-
1151, 0COGJIMBO /10 TPABOi KAMEPH.

PigkicHicTh Takoro ypakeHHs i 3HauHa BapiabeJsib-
HICTb KJIIHIYHUX MPOSABIB NMPU3BEJH [0 BiZICyTHOCTI Ha-
MpalbOBaHUX CTPATETIN JIiKyBaHHS ab0 BeJleHHs I[bOTO
ctany [8]. CyyacHa siTepaTypa 3 aHai30M AOCBily YHC-
JIEHHUX aBTOPiB CBiAYMTH MPO Te, 10 KyJIbOBi eMOOJIH,
sIKi IPUCYTHI B apTepialbHOMY KpOBOOGIry, HalKpaiie
JIIKyBaTH LIJISIXOM CBOEYACHOTO XipypriyHOTO ab0 eH/10-
BaCKyJIIDHOTO BHJAJIeHHSI 4Yepe3 BHUCOKY MMOBIPHICTb
Mai6yTHBOI imeMii. PekoMeHAYyETHCA BHUAANEeHHS BCiX
apTepiaJibHUX yJaMKOBHX eMOOJIIB Ta THX, L0 3HAXO-
JISIThCS B JlereHeBil BeHO3Hil cucteMi [3]. [IpomoHOBaHe
JIIKyBaHHSI BEHO3HOI eMOo0JTii BapiloEThCS Ta 3a/IEXKHUTH
Big kiiHiyHMX cuMmnToMiB [9]. Taki MeToau BisyaJizarii,
sk koMmI'roTepHa Tomorpaodis (KT), € HalikpamuM [ia-
FHOCTUYHUM 3ac060M. 3pelrTor, NOEAHAHHS 6araTbox
¢dakTopiB BU3HAYaTUMe IPOTHO3 i IIKyBaHHSA Malli€HTA.

Yepes BiZICYTHICTb BEJIUKOTO JOCBily B Oyb-IKOMY
OKpeMOMY 3aKJiaJi ICHYIOTb EBHI CynepeyKH I0/0 Bif-
MOBIHUX J[iaTHOCTUYHHUX | TepaneBTUYHHUX MiAX0/IB [0
JIIKYBaHHA TaKUX BUNIAZKIB.

MeTa. Bu3HaYuTH 0COGJMBOCTI Mepebiry, AiarHoc-
THUKU Ta JIIKyBaHHS YJIAMKOBOI eM60J1il mpaBUx BiAAiliB
ceplisl y MaIlieHTiB 3 MiHHO-BUOYXOBUMH IOPAaHEHHSIMH
Ta HaJaTW peKOMeHJalil 100 XipypriyHoro BeJeHHS
TaKUX CTAHIB.

Marepiasiu Ta MeTogu. Ham focBij likyBaHHS MiH-
HO-BHOYXOBUX NOPaHEeHb CTAHOBUTD 72 BUNa/Ku. [Ipak-
THUYHO BCi BOHHM OYJ/IM IOB’si3aHi 3 ypa)KeHHsIM OpraHiB
rpyaHoi kiaiTku (I'K), a came - jiereHb, ceplist abo opraHiB
cepefocTiHHA. HasiBHICTh y/1aMKa B IPyAHiIN NOPOKHUHI
nepezbavaa ypakeHHS1 TPyAHOI CTiHKM abo niadppar-
MY, 1110 CTaJI0 MiCIleM BXO/)KeHHS Ypa)KaJIbHOTO areHTa.
[TopaHeHH$ 6e3mocepeHbO CepIs crocTepiranocs y 33
(45,8 %) mauienTiB. Jlokasizaniro yJaMKiB y TOPOKHUHI
MpaBoOTO UIJIYHOYKA Z[iarHOCTOBAaHO ¥ 14 nmauieHTiB.

BopgHoyac B OKpeMHX BHNaJijKaX HasBHICTb MeTa-
JIEBOTO yJIaMKa B MOPOXKHHHI MPaBOro LIIYHOYKA GYJI0
HEMOJIMBO MOSICHUTH NIPOHUKAIOYUM ITOPAaHEHHAM Ye-
pes3 BiZICyTHiCTh MOIIKOMKeHHS IPYAHOI KJIITKH a6o [Jia-
¢parmu. OKpiMm TOro, NpoHUKAIOUe MOPaHEeHHs MPaBOTo
LIJIYHOYKA Ceplifd 3a3BUYall CYNMPOBO/KYETbCSA reMoIe-
pUKapZoM Ta O3HAaKaMM MOIUKOJKEHHS CaMOoro Iepu-
Kapaa. Y 1l cTaTTi MU IpeACTaBIASIEMO Hall AOCBIJ Jia-
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THOCTUKM Ta JIIKyBaHHs MaI[i€EHTIB 3 MiIHHO-BUOYXOBUMH
yJIaMKOBUMH TPaBMaMH, HAaCJIiJKOM SIKMX CTaJla yJ1aMKo-
Ba eM060JTisl MTOPOKHUHHU MTPABOTo IIJyHOYKA CEepLs.

Hawr pocBig fiarHOCTUKKM Ta XipypriyHOro JiikyBaH-
Hsl yJIaMKOBHMX eMOOJIiH ceplisl CTAaHOBUTh 4 BHUNAJKH,
110 ckJasno 5,5 % Biz 3aranbHOI KisbKOCTi XBopux (72) 3
MiHHO-BHUOYXOBHMH IIOPAHEHHSIMU, IKi POXOAUJIH JIKY-
BaHHS B HAILIOMY LIeHTpi. YCi NaljiEHTH — YOJIOBIKM BIKOM
24,29, 43 Tta 44 poxu. [IpoBifHUM AiarHOCTUYHUM METO-
JlOM, 1[0 ZI03BOJIUB BUSBUTHU yiaMokK, 6ysna KT 3 koHTp-
ACTHUM MiJCUJIeHHAM Ta CHHXPOHI3ali€lo.

YciMm manieHTamM npoBoauau  nocaigoBHe  KT-
JOCAiKeHHS TPYAHOI KJITKK Ta ceplis 32 HAaCTYNHUM
QJITOPUTMOM:

1. HatuBna (6e3koHTpacTtHa) KT rpyaHol KaiTKu-1/14
BUSIBJIEHHS yJIaMKIB Ta CTOPOHHIX TiJI, FeMOTOPAKCY,
NHEBMOTOPAKCY Ta OLIiIHKM apeHXiMHU JIeTeHb.

2. KT cepuya 3 koHTpacTyBaHHAM Ta  EKI-
CHHXPOHI3ali€0 — AJid [eTaJbHOl OLIiIHKU YJIaMKiB
Ta CTOPOHHIX TiJ, MioKapZa, nepukKapay, NOpOKHUH
cepud Ta KOPOHApHOI aHaTOMIl.

3. KT rpyaHoi KJITKH 3 KOHTPAacTOM - B apTepiajb-
Hy a3y [ OI[iHKH MariCTpaJbHUX CYAUH TPYAHOI
KJIITKH, BKJIIOYAIO4HM aopTy 3 il riJIKaMU Ta JiereHeBi
aprepil.

TexHi4HI MapaMeTpu AOCAIKEHHA:

KT-mocrimxeHHsT BUKOHYBaJd Ha KOMIIOTEPHOMY
ToMmorpagi «Canon Aquilion One Genesis Edition»
(Canon Medical Systems®, flmoHisi) i3 3acTocyBaHHAM
EKTI'-cunxponizanii (640x0,5 MM, yac oGepTaHHSI TeH-
Tpi - 275 Mc). [T KOHTpACTyBaHHS BUKOPHCTOBYBAJIH
HO0BMiCHY pe4OBHUHY HOTeKCoJ1 y 1031 1 MJ1/KT MacH Ti-
Jia 31 IIBUAKICTIO BBeIeHHST 5-6 MJI/C, 3 TOAAJIbIIIOK 60-
JIFOCHOIO iHOY3i€et0 60-90 M disiosoriyHOro po3vyuHy.

Mopayssiniro 1034 onpoMiHeHHs 3a6e3mevYyBaJiu Bij-
noBigHO A0 ¢a3 iHTepBany R-R (MakcuMasbHe onmpoMmi-
HeHHs Ha 30-80 % nukiy).

[TocTnpolecCHHroBy 06pO6KY 300pakeHb 3AiHCHIO-
BaJIU JIIKapi-peHTTeHOoJIOTH 3a J0IIOMOTIOK clieliasi3o-
BAHOTO MPOTPaMHOTO 3abe3NevYeHHs JJisi TPUBHUMIipHOi
peKoHCTPYKILil Ha po6ouii craHnii «Vitrea Advanced»

Ta6bnuusa 1
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(Canon Medical Systems®, flnonis). Lleit MmeTo[ A03BO-
JIUB 13 HaJIe)XHOK TOYHICTIO BU3HAUUTH JIOKaJis3aLiio
yJ1laMKa, CTYIiHb NIPOHUKHEHHS B TKaHWHU cepld, po3-
Mip Ta HiJIbHICTh 3a oauHUIAMHU XayHcoinga (HU), mo
Ha/la€ A0AATKOBY iH$OpMalLilo Mpo XapakTep IPOHHUKa-
1040ro0 CHapszja.

Pe3ynbraTu. C/iJi 3a3Ha4MTH, 10 ¥ BCiX MOPaHEHUX
BUSBJIEH] YJIaMKU B IOPOXKHUHI IPABOTro LIJIyHOYKA.

Jani Ta6siuni 1 cBiguaTs, 110 B pe3ysbTaTi MiHHO-BH-
OYyXOBOTO YJIaMKOBOI'0 YPa)KeHHs BCi MpescTaBJieHi na-
IiEHTH GYJIX MOpPaHeHi Y BepXHi ab0 HWKHI KiHI[IBKH, a
TAaKO0X Y NaxXOBY AiNAHKY. [Ipy iboMy nmopylLIeHHd LjiJic-
HOCTIi TpyAHOI KJIITKM a6o JiadpparMu He CIoCTepirauo-
cs. Y 4OTUPbOX MALIEHTIB iarHOCTUKA HAABHOCTI yJ1aM-
Ka B ceplli Bixbysacs B pisHUN TePMiH MicJisl MopaHeHHs
(Tabuuig 1).

Tak, y nepuioro naiui€eHTa, 24 poku, i3 nopaHeHHSIM
paBoro nJjeya ta 060x crerox nepuie KT rpyaHoi kiaiTkH
Oy/10 BUKOHAHO B JleHb nopaHeHHs (20.09.22) y 3B’13Ky
3 [il03pO0I0 Ha IPOHUKAaloYye NOpaHeHHs IPYAHOI KJIITKH,
SIKOT0 He OyJ10 AiiarHOCTOBaHO. /laHi 11[0/10 reMONTHEBMO-
TOPAKCY Ta 03HAK ypa)keHHs JiereHb 6y BifgcyTHi. [Ipu
[bOMY OYJI0 BUSIBJIEHO yJIaMOK Y Ceplii, 1[0 BUMaraJo Ha-
NpaBJIeHHSA Nalji€EHTa A0 KapAioXipypriyHOro BijJiieH-
H4. [lanieHTa ckepyBasiu 10 [HCTUTYTY ceplLieBO-CyAUH-
Hoi xipyprii (ICCX). KT i3 KOHTpacTyBaHHsM, BUKOHaHE B
inctutyTi 22.09.22, geTanisyBasio Jiokajizaljito yjaMkKa
B MOPOKHUHI MPABOTO MIJIyHOUYKA Oi/Is1 CTYJIOK TPUCTYJI-
KOBOTO KJamnaHa (pucyHok 1). TakuM 4MHOM, MAIi€HT
MOTPANKB JI0 CIlel}ia1i30BaHOro0 LeHTPY CeplieBO-CyAUH-
HOI Xipyprii BxKe 3a [Bi 106U mic/1s1 MOpaHeHHS.

Jpyruii nauieHT MaB iHIIY iCTOpit0 BUSIBJIEHHS yJ1aM-
Ka cepug. [lopaneHHs Binbysnocs 12.05.24 p. B pe3ysbra-
Ti BUGYXy MiHM CTa/10CsI MHOKUHHE YJIAMKOBE ypaXKeHHS
NpaBol HMXKHbOI KIHIIBKU B CTETHOBY JIJISHKY 3331y 31
3HAYHOI0 KpOBOTeuelo. XipypriuHe BTpy4aHHS B JleHb
MOpaHeHHs A03BOJIMJIO BiTHOBUTH PyHKIiIO CyauH. [1a-
I[iEHT MepebyBaB y 3aI0BiIbHOMY CTaHi Ha peabitiTamil.
3a 5 micaniB micsisg nopaHeHHs AiarHoctuyHe KT yepes-
Hoi nopoxxHuHU 03.10.24 p., cnpsiMOBaHe Ha /[iarHOCTHU-
Ky FOCTPOT0 NaHKPEeaTUTY, BUNIaZLKOBO BUABHUJIO YIaMOK

LaHi npo damy, micue yn1aMKo8020 ypaxeHHSs, MAHINYASUil Ha emanax Jiky8aHHa ma 0amy 8USIBNEHHS YIAMKA 8 cepui

Ne [ata nopa-

[lata BuaBneHHs ynamka

n/n HEeHHS Micue nopaHeHHs MaHinynsuii Ha eTanax c cepui
. MXO paH. .
L 009225 ermmane rpmen 7500225
’ ’ ) KT 3 koHTp. - 22.09.22 p.
MMopaHeHHs NpaBoi HUXKHbLOI MXO panu. 03.10.24 p npu BUKOHAHHI

2. 12.05.24 p. KiHLiBKM, KpOBOTEYA.

KT 03.10.24 p. BusBuna ynamok KT 4yepeBHOi NOPOXHUHM

3. 28.05.24p.

MopaHeHHs NiBOro cTerHa Ta niBoi roMiNku

MXO paH, KBl - 80 % aTtepo-
cknep. ypaxkeHHs MMLUT

28.05.24 p.
npu BUKOHaHHI KT

lMopaHeHHs NiBOi HMXHbBOI KiHLiBKM, NiBOI

4 2010.24p. o oBoi DinsiHKa, 06114y,

MXO paH, 23.10. 24 p. - BUAA-
NEHH$ YNaMKiB o4en

24.01.25 p. npu BUKOHAHHI
peHTreHorpadii

Ipumimku: 1IXO - nepBuHHa Xipypriuna 06po6ka; KBI' - kopoHapoBeHTpuKysorpadis; IMIIT - nepeiHst MiXKILTYHOYKOBA TiJIKa (apTepis).
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PucyHok 1. KT 3 KoHmpacmygaHHsm (A) 0eMOHCMPYE HASBHICMb MEMAneso20 YaMKa 8 NOPOXHUHI Npaso2o
WTYHOYKA 671U3bKO (ibp0o3HO20 KiNlbUs mpucmysnikosoeo kaanaua. 3D-pekoHcmpykuis (B) niomeepdxye
JI0KANI3aUi0 ynamka Ha 0iagppazmansHil CmiHuyi npaso2o wayHouYKa nopsao i3 mpucmynKo8uM K1anaHoM.

y AIAHLI ceplid, 1110 BUMarajo CKepyBaHH4 MallieHTa 0
[HCcTUTYTY cepueBo-cyauHHOI Xipyprii. KT 3 koHTpacty-
BaHHAM I10Ka3aJ10 HaABHICTH yJlaMKa B IIOPOXXHUHI npa-
BOTO LIJIyHOYKa MiX TpabeKy/aaMy, Ha AiadparmMasabHin
rioro noBepxHi (pucyHok 2). O3HalloMJIeHHS 3 0CO6JIH-
BOCTSIMU NOpPAHEHHs], L0 cTajsocs 5 MicAliB ToMy i He
CyIIPOBO/2KYBaJIOCA TPAaBMOI I'PYAHOI KJITKH, Ta HasAB-
HICTh MeTaJIeBOT0 yJIaMKa, SKUU BiIbHO pPO3TalllOBYBaB-
csl B MOPOXHUHI mpaBoro uwtyHouka (I1LI), go3Bosinio
MPUIYCTUTU MOMXJIUBICTh €MOOJIIYHOTO XapaKTepy Io-
TpamisgHHA yjaaMmka B I, He giarHOCcTOBaHOrO OApasy
Iic/1g NOpaHeHHs.

Tpetiit nauienTt, 44 pokis, 28.05.24 p. orpuman
yJIaMKOBe IIOpaHeHHH JIIBOro CTerHa Ta JIiBOol FOMiJIKHU.
[IpoiinioB nepBUHHY XipypriuHy o6po6ky (I1XO) paH Ta
KT rpyzanoi kaiTku. Y npoekuii cepus BUSABUIN YIaMOK
MeTaJsieBOl WisibHOCTI. 03.06.24 p. nauieHT y 3a/0BiJb-
HoMy cTaHi noctynuB g0 [ICCX. KT 3 koHTpacTyBaHHAM
[iATBEPAUIIO HAABHICTb yJIaMKa B IIOPOXXHUHI NpaBoro
utynouka (I1M0), Ha aiadpparmanbHiil Horo moBepxHi,
dikcoBaHOr0 MiXK Tpabekysamu (PUCYHOK 3).

YerBepTuit manieHt, 20.10.24 p. B pe3ysabTaTi BU-
Oyxy MiHM OTpPUMaB MHOXHHHI YJIaMKOBi NMopaHeHHs
MpaBoi HXKHBOI KiHI[iBKY, TAX0BOI AiJISTHKY Ta 00JIUYYs

PucyHok 2. KT cepus 3 konmpacmysarHsam (b) 3 3D-npoekuieto (A) deMoOHCmpye HAsBHICMb MeEMAneso2o yaamKka
8 NOPOMHUHI NPAaBo20 WIyHOYKA, HA Lio20 0iagpazmansHili N08epxHi Mix mpabekynamu.

YKpaiHCbKUI )XypHan cepLeBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



116

CepueBo-CyAuHHa Xipypris B yMOBaxX BOEHHOIO CTaHy

SEGMENT 273ms 0.72}

002 | Birthdate: 1980-04-11 | Gender: M)

PucyHok 3. KT 3 koHmpacmysarHsam (b, B) ma 3D-pekoHcmpykui€to (A) 0eMOHCmMpye HAasi8HICMb MEMANEes8o20 y1aMKa
8 NOPOMHUHI Npaso2o WyHOYKa Ha diagpazmansHili nogepxHi, bauxuye 0o 020 8epxieku Mix mpabekynamu.

(pucynok 4). 21.10.24 p. mpoBeJieHO IEPBUHHY Xipypriv-
Hy 06po06Ky ([1XO) MHOXKHHHHUX paH i3 4YaCTKOBUM BU-
JlaJIeHHSIM YJIaMKIiB 3a JI0IIOMOror0 MarHiTis. 23.10.24 p.
3/liICHEHO BU/AJIeHHs yJaMKiB 3 oyell. Yepe3 3 Micani
I1ic/1g NOpaHeHHs4, NicJA peHTIeHIBCbKOIr0 JOCIipKeHHA
rpyAHOI KJIITKY, Herepe[6a4yBaHO BUSBJIEHO CTOPOHHE
TiJI0 MeTasieBOi LIJILHOCTI B AisiHIi cepus. 27.01.25 p.
Mali€HT y 33/I0BiJIbHOMY CTaHi, 6€3 CyTTEBUX CKapr, 10-
ctynuB 10 ICCX, ne 3a nonomoroto KT i3 KoHTpacTyBaH-
HAM [J1arHOCTOBAaHO HAABHICTb MeTa/leBOro yJiaMKa B
IIOPOXXHUHI PaBoro LIJIyHOYKa B JJIIHLI HOr0 BepXiB-
KU (PUCYHOK 5).

TakuM 4YMHOM, peJCTaBJIeH] JaHi, IKi CBig4aTh Npo
BiZICYTHICTb y BCiX BUIIa/IKax IIPOHHUKAKYOIr'0 [IOPaHEH-
HA IPYAHOI KJIITKY Ta HasABHICTb CTOPOHHIX TiJ1 MeTasle-
BOI LIJIbHOCTI B IOPOXXHMWHI NpaBOro LIJIYHOYKA, Y IO-
€JHAHHI 3 ypaXeHHAM yJlaMKaMU HUXKHIX KIHLIBOK, Ja-

I0Th 3MOT'y 3pOOUTH BUCHOBOK IPO HAsIBHICTh Mirpariil
yJIaMKiB i3 TOKOM KpOBi 6acelfHOM HU>XHbOI MTOPOKHUC-
TOI BEHU Iic/d IX MOTPAINJIAHHA B [IPOCBIT KPYITHUX Be-
HO3HUX CY/IMH i3 NOJaJbIIUM eMOOIIYHUM yparKeHHAM
MOPOXKHUHMU ceplg. Yci npecTaBeHi NallieHTH NepeHe-
CJIU XipypriyHe BTpy4YaHH$, L0 [10JAra0 y BUAAJEHH]
ynaMka 3 nopoxkHuHu [111. [laHi npo gaTy nocTyn/ieHHs,
JlaTy Ta 0COBJMBOCTI XipypriyHoro BTpy4aHHs MoJaHi B
TabJIULI 2.

Ak BuAHO 3 mpejcTaBaeHux y Tabuauui 2 JaHUX TPO
X1 XipypriyHoro JiiKkyBaHH#, B yCiX BUIIa/IKaX O3HaK I10-
LIKOJ/>KEHHSI IlepUKap/a He crocrepiranocs. HasgBHOCTI
3aMaJIbHOTO Mpollecy abo 03HaK reMonepukapza Takox
He BUsiBJIeHO. O3HaK NOpyIUEeHHS LiJIiCHOCTI CTIHOK cep-
L[l TAKOK He BUSBJIEHO.

Yci onepanii BUKOHyBaJMCA Ha 3yNMHEHOMY cepli
i3 3acTrocyBaHHAM ¢apMaKoxX0s0/10BOi Kap/iorerii,

PucyHok 4. Hacnidku yn1amMko8020 nopaHeHHs npagoi HUXHLOI KiHYyisku (A —cmeeHo, b — 2ominka), micus
NPOHUKHEHHS y MAKI MKAHUHU 20MINIKU ma cmezHa. [pu peHmeeHigcbkoMy 06CmexeHHi MHOMUHHI y1aMKu
M9KUX MKaHuH (B).

YKpaiHCbKUI )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



BitoBcbkuit P. M. / OcobnmBocTi AiarHOCTMKKM Ta XipypriyHOro nikyBaHHs ynamMkoBoi embonii...

117

PucyHok 5. KT 3 koHmpacmysaHHam (B) demoHcmpye memanesull ynaMmoK 8 NOPOXHUHI npaso2o
WiIyHoYKa 8 QinsiHyi tio2o sepxieku.A — 3D-pekoHcmpyKuis: ynamok 8 nopoxHuHi [1LL.

Ta6bnuua 2

LaHi npo damy nikysaHHs ma 0cobnusocmi xipyp2i4Ho20 8mMpy4aHHs NAUIEHMI8 3 Y1AMKOBOI eMOOTIE

Harta

N2 HapxomkeHHa JlaTa onepauii Jlokanisauis ynamka Ta posmip

OcobnusocTi onepauii

1. 22.09.24 p. 23.09.24 p. Mig TK, Ha Mexi cenTanbHOi Ta 3aaHbOI  opoXXHUHA Nepukapaa uncTa. BuganeHo mMarHitom
CTYyNoK. 8x5x3 MM yepe3 TK 6e3 NoLKOAKEHHS CTYNOK.

2. 13.11.24p. 15.11.24 p. B Tpabekynax piadparmanbHoi cTiHku  [lopoXHMHa nepukapaa 4ucTa.
L. 9x4x5 mm BupaneHo marHiTom yepes TK

3. 03.06.24 p. 05.06.24 p. B Tpabekynax piadparmanbHoi cTiHkn  [lopoxHuHa nepukapaa uucta. BuaaneHo
L. 10x9%x7 MM KOMBIHOBAaHMMM MaHiNynsaUisMM 3 MarHiTom yepes

TK
4. 27.01.25p. 29.01.25 p. MopoxHuHa ML, Bepxiska M. 6x4x4  TNopoxHWHa nepukapaa umcta. Po3pis ML Ha Bep-

MM.

IIpumimxku: TK - TpUCTY/IKOBUH KJlallaH.

JOCTYIIOM d4epe3 IpaBe Iepejcepis Ta TPUCTYJIKO-
Bui ksamnaH. KT 3 KOHTpacTyBaHHAIM i3 MOXJIMBICTIO
3D-peKOHCTPYKILii 03BOJIMJIA TOYHO JIOKaJ/Ii3yBaTH Mic-
Lie 3HaxXo/pkeHHA ys1aMKa B nopoxxHuHi [111I. Tomy Bci ma-
HinyJsg1ii NpoBOAXIMCS caMe Y BUSHAYEHUX MOro JiJIsiH-
Kax, 110 3HA4YHO MOJIETIIYyBaJO0 BUSBJEHHA MeTaJeBol
CTPYKTYPH. Y pasi BifiICYyTHOCTI Bi3yaJIbHOTO BUSIBJIEHHS
yJ1aMKa 3aCTOCOBYBAJIUCA HEOJAUMOBI MarHiTu AJi yTo4-
HeHHS Woro JioKasti3alii Ta moJierumeHHs BUJajeHHs. [H-
TpakapZia/bHi MaHinyadaLil B yCiX 4OTUPbOX BUINIAJKaX
BiZ|pi3HAINCA.

Y nmepuioMy BUMNAJKy yJaMOK po3MipoM 8x5x3 MM
postawoByBasca B I mig crynkamu TK - Mix nepe-
JIHBbOIO Ta 33/|Hbo10, pikcoBaHuit TkanrHamu [11 (pucy-
HOK 6A). MarHit, niiHeceHU# 10 TPUCTYJIKOBOTO KJIarna-
Ha, [J03BOJIUB JJOCUTB JIETKO BUJIYYHUTH yJIaMOK, He I10-
IIKOAUBIIM CTYJIKU KJianaHa (pucyHoK 6B).

B apyroro Ta TpeTboro XBOpUx peBisis nopoxHunH [111
yepe3 npocsiT TK nokasasa HasgBHICTb yJIaMKiB po3MipoM
o 1 ¢M 3 TOCTPUMHU KpasMH, 110 PO3TALIOBYBAIMCh MiX
Tpabeky/iaMu Ha JiadpparmanbHiit ctinni [T (pucyHok 7).
B ofHOMy BUNAJKY y/J1aMOK JIETKO BUMIIOB NPH 3aCTOCY-

XiBLi 3 BU3HAUYEHHAM Nl0Kani3auii MarHitom.

BaHHI MarHiTy, B IpyromMy 3HaJJOOWJINCh JOJATKOBI MaHi-
MyJIALiI 332 JOITOMOTr'0I0 HOXKUIb Ta MiHIEeTa /I8 3BiJIbHEH-
Hsl yJlaMKa 3 TpabeKyJsipHoi noBepxHi nopoxkHuHH [1111.

Y 4deTBepTOro mnamjieHTa [/ BUJAJIEHHS yJIaMKa 3
BepXiBKOBOI YaCTUHU MOPOXXHUHU IPABOT0 LIJYHOYKA
3HAJJ0OMBCS HEBEJMKHUU pO3pi3 CTIHKMU NMPaBOro ULIY-
HOYKa B IPOEeKLil yJlaMKa, TOYHY JIOKaJli3allilo AKOro BU-
3HAa4YeHO HEeOZJMMOBUM MarHiToOM, 10 BUKJIMKAB peaKIjito
NpUMarHidyBaHH4 4yopigHoro Tina. [licia BUay4YeHHs
yJlaMKa po3pi3 IIJIyHOYKAa YIIUTO Ge3lnepepBHUM [IBO-
PAAHUM IIBOM MOJIINPOITiJIEHOBOIO HUTKOIO 5.0.

Tak¥M 4YMHOM, TMOPIBHAJBHUM aHaJi3 XipyprivHux
MaHINyaqaLil, 9Ki BUKOPUCTOBYBAJIUCA NPU BUJAAJEHHI
yJaMKOBUX eM0601iB nopoxxkHuHHU [ y Hamux narjieH-
TiB, [03BOJIMB BUABUTHU DPi3HI BapiaHTHU IXHbOTO pO3-
TallyBaHHA Ta METOAIB BUJA/NeHHd. Tak, i3 Y4OTUPbOX
BUIIA/JKIiB Bi3ya/bHe BUABJIEHHA yJaMKa IIC/ad OIALY
[IOPOKHUHY IIPABOro LIJIYHOYKA CIIOCTepiraaocs TiIbKU
y ABOX XBOpHUX. [Ipy 11bOMy 3aCTOCYBaHHSA HEOJAUMOBUX
MarHiTiB, NiJHECEHUX [0 MeTaJIeBUX CTPYKTYD, 4O3BO-
JIUJIO JIETKO BUJIYYUTH YJIaMKH 6e3 3aCTOCYBaHHS [10-
JaTKOBUX MaHINy/ALiM i TpaBMaTH3alil Miokapza.
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PucyHok 6. A - memanesuli ynamok posmawosanuti nio cmynkamu TK.
Locmyn 4yepe3 npase nepedcepds. [liHuemom sidsedeHa 3a0Ha cmyKa
knanaa. b - 3acmocysanHs maeHimy 015 8udaneHHs yaaMKa.

Y iHWMX JBOX Mali€HTIB y/JaMKH JIOKasi3yBanCs
MK TpabeKysaMH, IJTMOOKO B CTiHIIi MPaBOTO HIJIYHOY-
Ka, 1110 BUMaraJo A0AaTKOBUX XipypriyHUX MaHINyaanin
3a 0NOMOTOK HOXHMIb, CKaJIbIIEeJIS Ta MiHLeTa JAJs IX-
HbOT0 BUiasieHHs. [Ipy 11bOMy OZ1MH ys1aMOK Ha Aiadpar-
MasibHiN cTiHni I 6ys0 BUOaseHO AOCTYNOM uyepe3
TPUCTYJIKOBUM KJamaH, a APYTyUH, 3 JIOKaJjisali€w Ha
BepxiBui [, BAasocs BUAAIUTHU TiJIbKY 32 JONIOMOTOI0
30BHIIIHbOTO PO3TUHY CTIHKU LIJIYHOYKA 3 NOAAJIbIIUM
BUJIYYE€HHAM 3a JI0OIIOMOI'0X0 MarHiTy.

Caig 3a3HAaYMTH, W0 3aCTOCYBAHHSI MarHiTHOI HaBi-
ranil y qux BUnaZKax JonoMorJio JIOKaJli3yBaTH yJIaMKHU
Ta 6e3MeYHO iX BUJAJIUTH 3 MiHIMa/IbHOIO TPAaBMOIO Mio-
Kapza.

BigHoBneHHA cepueBoi AiAJIBHOCTI B YCiX XBOPHUX
Bizibysiocs 6e3 yckJafHeHb. [licisonepaniinuil nepios
JIVIlle B OJHOMY BUNAZKy OYB yCKJIQJJHEHUH HeCHpo-
MO’KHICTIO LIBIiB Ha IIKIipi, 1110 MOA0BXU/I0 Tepe6yBaHHSA
nauieHTa B cranioHnapi. Bci xBopi y 3a710BiIbHOMY CTaHI
Oy/1v mepeBefieHi 10 BiiCbKOBOTO IIMUTAJIIO JJIsl TPOXO-
JPKeHHs peabiiTaril.

TakuM 4MHOM, NpejCcTaBJieHi AaHi cBif4yaTh PO J0-
CUTb 4YacTe BHUHHUKHEHHA TAaKOI0 YCKJAaJHEHHSA MiH-
HO-BHOYXOBOI'0 YJIAMKOBOI'O MOpPaHEHHs:, SIK yJaMKOBa
eM6oJtisi cepusi. Y HalIMX YOTHPbOX CIIOCTEPEKEHHSX
MicLieM IOTPAIJIAHHA YJIaMKIB y CYAUHHY CUCTEMY BU-
ABUJIMCA NlepeBaXKHO CYAAMHU HIKHIX KiHLIBOK. [loTpa-
IJIAHHA yJ1aMKiB y NPOCBIT KPYIIHUX BEHO3HUX CYAUH 3i
CTBOPEHHAM YMOB, L0 CHPUAIOTH IX IEepeMillleHHIO [0
[paBUX BiAAlNIB cepls, 3yMOBJIIOE BUHUKHEHHS TAKOI'0
ypaXKeHHsI cepligl, SIK yJlaMKoBa eM00.JTisl.

OGroBopeHHs. YJ1aMKoBa eM60Jlisi € MOTEeHI[iIHHUM
YCKJIaJIJHEHHAM MiHHO-BUOYXOBOr0 IOpPaHEHHs, 0CO-
6JIMBO MPU MOJIOTI HU3BKOWIBHUAKiICHOrO cHapsza. [lo-

PucyHok 7. Memanesuli ynamok 8 noporHuUHi
L, mixc mpabekynamu Ha diagppazmansHili
nosepxHi. [poekuis yepez mpucmynkosudli
KnanaH

TpanUuBILU B CYAUHHY CUCTEMY, YJIaMOK MO>Ke MirpyBaTH
J10 pi3HUX YAaCTHH Tija, MOTEHI[IHHO CIPUYHUHSAIOUM TaKi
YCKJIaJIHEHHS], SIK i1lIeMis, CTal0uH PKepesioM TPOMBoeM-
60J1ii a60 PpyHKIiOHYIOUH SIK 0cepeioK iHdeKwii [6].

ApTepianbHa ysaMKoBa eM00JIis, IK TPaBUJIO, IPU3BO-
JIUTDb 10 60JII0, TOB’I3aHOTO 3 illleMi€lo mepudepuIHUX i
KiHIeBUX opraHiB, i ii c1ij onepyBatu [8]. 3anuimaeTbcs
3HayHa cynepeyka I110/,0 ONTUMa/bHOI TAKTUKH JIIKyBaH-
Hsl BEHO3HOI yJIaMKOBOI eM0oJTii B ceplyi, 0c06JIMBO TOMY,
1110 OI/IBIIICTh BEHO3HUX eMO0JIiH TPOTiKaeE 6€3CUMIITOM-
Ho [12]. /lBa Hai6iIbLI MOMIKPEH] MiCIl PO3TallyBaHHSA
BEHO3HUX eMO6OJIiB € IMpaBi BiJiiu cepls Ta CyJuHHA
cucteMa JiereHeBol apTepii 10 82 % [11,12]. Hemae yiTkoi
JYMKH 11010 TaKTUKH JIIKYyBaHHSA: JesKi BUCTYNAIOTh 3a
CIIOCTEpPEXEHH, TOAI AK IHIII TaKOXK BiAJa0Th nepeBary
BUJJAJIEHHIO 3 OIVISIIy Ha PU3HUK TPoM6oeMOoJIii jereHe-
Boi apTepii, 6aKTepiaibHOr0 eHAOKAPAUTY, AUCHYHKIT
KJ1anaHiB abo eposii cepueBoi TkaHUHU [5].

[lapagokcanbHi eM60ou € 1ie 6ibl pigkicHuMU. e
BUIAJKU MApPaZ0KCATIbHOI ylaMKOBOI eM60Jii 3 BeHO3-
HOI CUCTEMHU [0 apTepiasbHOI Yepe3 BiIKPUTUHN OBaJIb-
HUM oTBip [14].

BpaxoByo4u MOTEHIiIHHUN pPH3WK, NOB'A3aHUMN 3
ornepali€ern Ha BIAKpUTOMY ceplj, 10s1Ba €HJA0BaCKYJIAp-
HUX METOJIB BiIKpWJIa yHIKa/JIbHY MOXJ/IUBICTb Y TaKUX
BullaAKax. [lepiinil ycniltHUK BUNAJ0OK eHJ0BACKYIAp-
HOT0 BUJjasIeHHs KyJi faTyeTbca 1980 pokoM i BK/It04aB
BUJIYYEHHsSI KYJIbOBOro eM060Jly 3 MpaBoOro IIJyHOYKa.
OcCKiJIbKHA TeXHOJIOTiI MpPOJOBXKYIOTh PO3BUBATHCS, IIE,
WMOBIpPHO, CTaHe MepeBaXKal0UMM TepalneBTUYHUM Mij-
XO0ZI0M. 3BUYalHO, 3a BiJICYTHOCTI AOCBily BAUKOPHUCTAH-
HA LUX METOAIB XipypriuHe BTpy4YaHHH 3a/IMLIAETHCA
)KUTTE3LATHUM BapiaHTOM 3aJIeKHO Bij [OCBiAy ycTa-
HOBH [4].
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Jly>xe BaKJIMBO IKOMOTa TOYHillle JIOKaJli3yBaTH yJa-
MOK, KOJIU IPUMHATO PillleHHA IPOo BTPyYaHHSA B yMOBax
06e3CMMNTOMHOI BeHO3HOi eM6oJii. [loyaTkoBe peEHT-
reHorpadiyHe AOCIiPKEHHSI TPYAHOI KJITKA MOBHHHO
O6yTH BUKOHaHe JJis MOoNepesHbOr0 BU3HAUYEHHS JIOKa-
Jizanii Ta MOXKJIMBUX O3HAK IHIIMX HACAiJKiB HasiBHOC-
Ti y1aMka. Y reMofiMHaMiuyHO CcTabiJibHOTO Ta 6e3CUMII-
TOMHOTO IalliEHTa HACTYIHUM METOJOM BidyaJsisanil
Mae 6yTH KOMI'lIoTepHa ToMorpadis rpyfHoi KJIITKH 3
KOHTPACTHUM NificuieHHsM [7], ikoi 3a3BUYai JocCTaT-
HbO /1J1 BU3HAYEeHHS TaKTHUKHU JIiKyBaHHs. CHapsaJ Moxe
CTBOPIOBATH 3aHaATO 6arato apTedakTiB JJis TOYHOL
JIOKasti3arlii, TOMy MOXXe 3HaJJOOMTHCS [OJAaTKOBAa Bi-
3yausizanisa [5]. JogaTkoBi MeToau Bi3yasizauii (Tpas-
CcTOpakajJibHa Ta TpaHce3odareasbHa exokapziorpadis,
KopoHaporpadisi) MOXyTb JONOMOI'TU B yXBaJIeHHI pi-
LIEeHHA 100 KOHCEPBAaTUBHOIO MiAXOAY 3 pery/spHUM
CIOCTepeXeHHSIM, Yepe3lKipHUM abo XipypriyHuM BU-
JaneHHsm [5,10].

Kinbka Hemo/laBHO OMy6JIiIKOBaHUX peKOMeHAallin
MPONOHYIOTh CyNnepe4InBi cTrpaTeril JiikyBaHHsA. OfHe
3 TaKHUX JOCJi/PKEHDb MIOKA3YE, 1110 YJIaMKOBY eM060JIii0 B
JIIBUX BiJiiiJ1ax ceplUd CJij onepyBaTH, AKILO y Malli€H-
Ta € CUMIITOMH, eMGOJI PO3TAIIOBAaHUM BHYTPILIHbOTIO-
POXXKHUHHO a60 4aCTKOBO BHUCTYIA€ B MPOCBIT ceprieBoi
NIOPOKHUHU. BogHOYaC, AKIO NALLIEHT He Ma€ CUMIITO-
MiB, a eM00JI TOBHICTIO 3aHyPEHUH Y CTIHKY ceplis, abo
y pasi HasABHOCTI IPaBOCTOPOHHBOI0 KYJIbOBOTO eM60J1a
po3mipoM <5 MM - c/1iy MPOBOJUTH AUHAMIYHE CIIOCTe-
pexeHHs i3 cepiiiHoto Bi3yasizauiero [2,5,8]. IHue goci-
JDKEeHHs BKa3ye, [0 6€3CUMIITOMHI BEHO3Hi eM0O0JIH CJIif
BU/IQJISITH, 32 BUHATKOM THX, 1110 JIOKaJ1i30BaHi B JiereHe-
Bili apTepii. [I[py 1ibOMY HAroJIOIWYETHCS, 1110 BUJATEHHIO
MiJIATal0Th JIMIIE Ti eMOOJIH JiereHeBoi apTepii, ki mo-
CTYTHI JI/1s1 eHJ,0BaCKyJIsIpHOTO BTpy4aHHs [9].

Ha BigMiHy Bij nonepenHix, e ofHa nybJikanis pe-
KOMeH/Iye XipypriuHe BUJaJ/IeHHs yJaMKOBOro eM6o0Jia
3 MpPaBOro IIJIYHOYKA HaBiTb y 6€3CUMITOMHOrO MHalli-
€HTA, OCKINbKU ¥ 42 % BUNA/JKIB BUHUKAIOTh JleTaIbHI
YCKJIQJIHEHHS, SIKI0 KyJis abo iHmui cHapsg eM60J1i3ye
JlereHeBy apTepito [13].

CnpaB/ii, 3aHENMOKOEHHS I[OAO HACHiIKIB eM6oJrii
JiereHeBOi apTepii 6y/i0 rOJIOBHOIO MPUYUHOK HAILIOTO
pilleHHs BUJAJINTH YJIaMKH, BPaXOBYIOUH, 110 GJIU3BKO
26 % BeHO3HHUX eM60JIiB 3pellTol0 OCijaloTh y 6aceiiHi
JlereHeBOl apTepii, 110 CTBOPIOE PU3UK epo3il CTIHKH Cy-
JUHU Ta paTalbHOI KPOBOTEUI.

Y Hamux crnocTepeXeHHAX MicLueM NpPOHUKHEHHS
yJlaMKa B CYAWHHY CUCTeMy OpraHiamy cTaB GaceilH
HWDKHbBOI IOPOKHUCTOI BEHU — Lie CYJUHU HMXKHIX KiHIji-
BOK. [Ipu nboMy cJ1ifi 3a3HAYMTH, 1[0 03HAKK BUPAKEHO]T
KpOBOTEYi MOXKYTb He criocTepiratucs. TiIbKHA B OfHOMY
BUNQ/IKy CepeJi HallMX MallieHTIB crocTepirajaaca BUpa-
»KEHA KpOBOTeYa. YJIaMOK MPOGUB OZHY CTiHKY CYJUHHU
Ta 3aJIMLIIUBCA B Il IPOCBITI, aJle He 3aTPUMaBCA Ha pPiBHI
[IPOHUKHEHHA B CyJUHY.

llIBuake mepemilleHHs yJaMKiB IO BeHO3HiH cuc-
TeMi 6aceliHy HMXXHBOI MOPOXKHUCTOI BEHU [JI0 NMPaBUX
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CIIPUATIUBUX YMOB /i Mirpauil. | Taki yMoBH, 9K npa-

BUJIO, CTBOPIOIOTBCS OZpasy Micss nopaHeHHs. HabyTTa

rOPU30HTA/IBHOTO MOJIOXKEHHS, 1[0 HahvacTiwe Bif6y-

Ba€ThCA MiC/A NOpaHeHHS HWXKHIX KIHLIBOK, Ja€ 3MOry

y/l1aMKaM, Ki 3HaxX04ATbCA B IPOCBITI BeJIMKOI BEHO3HOI

CYAVHH, JIETKO NepeMillaThCA 3 TOKOM KpPOBI 10 TpaBUX

BifAlaiB cepud. 3 nmpaBoro nepejcepzsa 4yepes TPUCTYJI-

KOBUH KJallaH MeTajieBUM QparMeHT MOTpPAIJIs€ B MO-

pOXKHHHY NPABOro UIYHOYKA. 3aTPUMLi FOCTPUX yJIaM-

KiB Y IOPOXXHHWHI IPaBOT0 LIJIyHOYKA CIIPUAE BUPAXKeHA

TpabeKyJspHiICTb HOro BHYTPIIIHBOI MOBEPXHI, 110 /A€

3Mory ¢ikcyBaTHCAd cHapsZaM Mix Tpabekynamu. | He

3aBXau 14 pikcanis € HailHOIO.

Y cepil HamMx BUMA/IKIB yJlaMKOBOi eM6o0utii BCi mari-
€HTH OyJIM NMPOOIEpPOBaHi 3 OISy Ha IMOBIpHICTH mo-
Jlasiblioi Mirpauii ysaMkiB y 6aceiiH jiereHeBoi apTepii.
Xo4deTbCsl 3BepHYTH yBary Ha pisHUI 4acoBUN MPOMIXKOK
MDK [OpaHEHHSM i BUSABJIEHHSIM yJlaMKa B IOPOXXHUHI
MpaBoro UIYHOYKa. JllarHOCTHKA ypaKeHHd cepls yepe3
KiJIbKa MICALiB Nic/d MOpaHEeHHs — | YacTille BUNaAKOBa,
nic/1a peHTreHiarHOCTUKY 3aXBOPIOBaHb OpraHiB rpy/-
HOI KJIITKM - 3yMOBJIEHA BiJICYyTHICTIO HAaCTOPOXKEHOCTI
LI0L0 MOXJIMBOCTI Mirpauil yJaMKiB IpU NOpaHeHHAX
KIHLIBOK. Y 1BOX HAlIUX NALLIEHTIB BUSBJIEHHS YJIaMKIB y
cepui Bif6ynocs HecnoZiBaHO - ¥ TepMiHU 3 Ta 5 MicaLiB
nicJis nopaHeHHd. HeolMUMOBI MarHiTv 3Ha4HO MOJIETIU-
JIX BUSIBJICHHS Ta BUJA/IEeHHA ypaXka/IbHUX areHTIB.

Y HamuMx cnocTepeXeHHAX KJIiHIYHUX CHMIITOMIB, SIKi
6 Oy/1u TOB’si3aHi 3 HAsAIBHICTIO CTOPOHHBOTIO TiJja B Ipa-
BOMY LIIJIYHOYKY, He criocTepiraocs. Jlokanisania ynam-
KiB y IOPOKHUHI IPaBOro IIJIYHOYKA 3arpoXKye MoAa/b-
11010 iX Mirpari€t B CyAuHH 6aceiiHy JiereHeBOi apTepii,
110 MOXe CyIIPOBO/KYBaTHCA YCKJIaZJHEHHAMH, AKI IPU-
3BOJATD JI0 JIeTeHeBUX KpoBOoTed. ToMy MU BBaXKaeMo,
110 TaKTHUKa BUJaJIeHHA YJIAMKIB, AKi 3HaXOAATHCA B 110-
POXXHMHI IPAaBOro LIIYHOYKa, MAa€ 6yTH NPIOPUTETHOIO.

[lizBoAAYM NiZICYMOK HALIOTO AOCHIJKeHHH, CJIif, 3a-
3HAYMTH, 110 BPaxOBYKYHU BiZICYTHICTb YiTKUX 1 3arajib-
HONMPUNHATHUX peKOMeH/IaliH 111010 JIIKyBaHHS BEHO3HO1
ynaMKoBoi eMm6ouil, 1e6aTH, UMOBipHO, TPUBATUMYTh,
KOJIM KO>Ha YCTaHOBA HaJlaCTh NepeBary BJaCHOMY KJIi-
HIYHOMY Ta IHCTUTYLIHOMY JJOCBiAy.

BHCHOBKH

1. 3aBX/1 NOTPiGHO MaM’ITATH PO MOXKJIUBICTb Mirpa-
i yJIaMKiB CyAUHHOIO CUCTEMOIO. YJIaMKOBa eM0601is1
NpaBoro LLJIYHOYKAa NpPU MIiHHO-BUOYXOBUX MOpa-
HEHHAX 3yCTPIYa€eTbCAd HEYacTo, IPOTe Ma€ CYyTTEBE
KJIIHIYHe 3HaueHHd. Y HallOMy CIIOCTepeKeHHI BOHA
BUsIBJIeHA ¥ 5,5 % BUNa/iKiB 6010BUX OPaHEHb.

2. lloTpanigaHHA yJaMKiB ¥ NIOPOXXHUHY MPABOro LIJIy-
HOYKa MOKJIMBE 6e3 MOIIKOPKEHHS TPYAHOI KIITKH
yepe3 BEHO3HY CHUCTeMYy HIXKHIX KiHLIBOK. lle mig-
TBEPKYE MeXaHi3M peTporpaHoi eM6o.ii.

3. KouTpacTHa KoMm'toTepHa ToMorpadis € BUCOKoOe-
(GeKTUBHUM MeTO/I0OM BUSIBJIEHHSl MeTa/leBUX yJaM-
KiB y KaMepax ceplid, 1110 J03BOJIIE TOYHO BUSHAYUTHU
IX JIOKaJ1i3alito nepes XipypriyHuM BTPy4YaHHSAM.
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11.
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14.

15.

16.

BupaneHHsa ynaMKiB i3 MOPOXXHWHU NPaBOTO ULIY- 5. 3acTocyBaHHS MarHiTHOI HaBirarnii (HeogUMOBi Mar-
HOYKa Ma€ pO3IJALATUCh AK NMpIOpUTeTHA TAaKTHUKaA HiTH) migBUINYE 6e3MeYHiCTb Ta eGEeKTUBHICTD Xipyp-
Jepe3 PU3MK IX Mirparil y JiereHeBy apTepito 3 po3- rivHOr0 BTpy4YaHHSs, 0COGJMBO B yMOBaX BiJICYyTHOCTI
BUTKOM NMOTEHILIHHO $paTaJbHUX YCKJIAIHEHb. Bi3yaJIbHUX 03HAK MioKap/[iaJIbHOTO ypaXKeHHS.

CnMCOK BUKOPUCTAHUX JKepeJl
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Abstract

Among the many types of combat injuries, particular attention is drawn to fragmentary injuries of the heart
and blood vessels. In such cases, the damaging agent can be located in various parts of the heart, including both
its chambers and walls. A separate category of such injuries is fragment embolism of the heart and vessels, a rare
consequence of ballistic trauma. This condition involves the traumatic penetration of a foreign body (usually a bullet
or fragment) into a blood vessel, which then continues to migrate along the vessel to another part of the body. The
rarity and high variability of clinical manifestations of such injuries have led to a lack of established treatment or
management strategies.

Aim. To determine the features of the course, diagnosis and treatment of right heart fragment embolism in
patients with mine-explosive injuries and to provide recommendations for surgery in such conditions.
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Materials and Methods. Our experience includes 72 cases of mine-blast injuries. Almost all cases involved
injuries to the organs of the thoracic cavity, namely the lungs, heart, or mediastinal organs. Direct heart injuries
were observed in 33 patients. Localization of fragments in the right ventricular cavity was diagnosed in 14 patients.
Fragment embolism of the right ventricular cavity was observed in 4 cases, accounting for 5.8 % of the total number
of patients with mine-blast injuries. All were men aged 24, 29, 43, and 44 years. The leading diagnostic method that
enabled detection of the fragment was contrast-enhanced CT with synchronization.

Results. As a result of mine-blast fragment injuries, all 4 patients were wounded in the upper or lower limbs
and inguinal region. No breaches of the chest cavity or diaphragm were observed. In all cases, fragments were found
in the right ventricular cavity. Diagnosis of cardiac fragment presence was made at different times after injury,
ranging from 1 day to 4 months. All patients underwent surgery using cardiopulmonary bypass via a trans-tricuspid
approach. In all cases, there were no signs of pericardial injury, inflammation, hemopericardium, or damage to the
cardiac walls. A neodymium magnet was used during each operation.

Conclusions. The entry of fragments into the venous vessels of the upper and lower limbs may be accompanied
by migration to the right heart chambers, with potential fixation to the trabeculae of the right ventricle and risk of
entry into the pulmonary artery basin. Contrast-enhanced CT allows for precise localization of the fragment and aids
in planning the treatment strategy. In our opinion, to prevent fragment migration into the pulmonary artery system,
priority should be given to the removal of fragments located in the RV cavity.

Keywords: blast injury, shrapnel injuries, right ventricular embolism, CT diagnostics of shrapnel lesions, removal of
shrapnel, treatment tactics, signs of shrapnel embolism.
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Abstract

Aim. To investigate the impact of COVID-19 infection timing on postoperative outcomes in patients undergoing
surgical treatment for acquired valvular heart disease.

Materials and Methods. This single-center retrospective study included 96 patients with confirmed COVID-19
who underwent valvular heart surgery. Patients were stratified into two groups based on the timing of SARS-
CoV-2 infection: those infected prior to hospital admission (preoperative COVID-19; n=69) and those infected
during hospitalization after surgery (postoperative/hospital-acquired COVID-19; n=27). Clinical, laboratory,
and perioperative data were analyzed, including length of hospitalization and ICU stay, duration of mechanical
ventilation, use of inotropes/vasopressors, and mortality. Statistical analyses included t-tests, Mann-Whitney
U tests, Pearson’s correlation, and chi-square tests.

Results. Postoperative COVID-19 infection was associated with significantly worse outcomes, including
longer hospital and ICU stays, prolonged mechanical ventilation (169.7 + 140.8 h vs. 18.1 * 35.3 h; p<0.001),
increased need for inotropic and vasopressor support (dobutamine use: r=0.84; norepinephrine use: r=0.76),
and higher mortality. Laboratory findings revealed more profound thrombocytopenia, hyperglycemia, and
renal dysfunction in the postoperative group. In contrast, patients with preoperative COVID-19 demonstrated
more favorable outcomes, provided that a sufficient interval (26-7 weeks) had elapsed between infection
and surgery. Strong correlations were observed between mortality and indicators of multiorgan dysfunction,
particularly respiratory failure, cardiac decompensation, and pneumonia.

Conclusions. The timing of COVID-19 infection is a critical determinant of postoperative prognosis in patients
undergoing valvular surgery. Hospital-acquired infection is an independent predictor of adverse outcomes.
Elective surgery should be deferred for at least 6-7 weeks after COVID-19 recovery, with individualized risk
assessment. Preventing early nosocomial infection in the postoperative period is essential to reduce mortality
in cardiac surgery patients.

Keywords: COVID-19, valvular heart disease, cardiac surgery, infection timing, postoperative outcomes, mortality,
inotropes, respiratory failure.

Introduction. The COVID-19 pandemic has pro-
foundly transformed patient management strategies
in surgical specialties, particularly in cardiac surgery,
where perioperative risks of complications and mortality
have increased against the backdrop of systemic inflam-
mation, endothelial dysfunction, and immunosuppres-
sion induced by SARS-CoV-2 [1,9,10]. The presence of
active or recently resolved coronavirus infection affects
all stages of the therapeutic process - from surgical plan-
ning to postoperative monitoring. Of particular concern
are cases in which infection coincides with the timing of
surgery or develops in the early postoperative period,
both scenarios being associated with a high incidence of
severe complications and mortality [1,6,7].

Early meta-analyses, notably the COVIDSurg Col-
laborative, reported that 30-day postoperative mortality

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

among patients with perioperative COVID-19 reached
23 % [1,3]. These findings substantiated recommenda-
tions to postpone elective surgeries for at least 6-7 weeks
after infection, even in asymptomatic cases [3,4]. Howev-
er, excessive delays in patients with severe valvular heart
disease may lead to decompensation, sudden death, or
irreversible damage to target organs [2]. This has created
a clinical dilemma - how to balance safe surgical timing
after COVID-19 with the necessity for timely operative
intervention.

Hospital-acquired (nosocomial) COVID-19 in patients
after cardiac surgery poses an additional threat. Multi-
center studies have shown that SARS-CoV-2 infection
within the first 5-7 days postoperatively is associated
with a mortality rate exceeding 15 % and a requirement
for mechanical ventilation in over 20 % of cases, whereas
later infections tend to follow a less aggressive course
[7]- This heightened vulnerability is explained by the su-
perimposition of the virus-induced systemic inflamma-
tory response on an already activated postoperative SIRS,
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coupled with postoperative immunosuppression, which
increases the risk of pneumonia, sepsis, and multiple or-
gan failure [1,10].

In patients who had COVID-19 prior to hospital admis-
sion, clinical risk varies considerably depending on the
interval before surgery, the severity of infection, and the
degree of recovery of target organs. Current guidelines
emphasize an individualized approach to determining
surgical timing, taking into account residual symptoms,
oxygen saturation, CT findings, coagulation markers,
respiratory function, and immune status [4]. Real-world
cohort data indicate that when a sufficient interval has
elapsed after COVID-19 —particularly in cases of mild or
asymptomatic disease, surgical outcomes may not differ
from those in COVID-negative patients [2,5].

In this context, comparing postoperative outcomes
between patients who had COVID-19 before hospitali-
zation and those who acquired the infection postopera-
tively is of particular scientific and practical relevance.
Evaluating the dynamics of laboratory and clinical pa-
rameters, duration of intensive care, complication rates,
and mortality in these groups provides insights into the
pathophysiological mechanisms of SARS-CoV-2’s impact
on postoperative recovery and facilitates the develop-
ment of practical algorithms for risk stratification and
surgical planning.

Aim. The aim of this clinical and analytical study was
to investigate the impact of COVID-19 infection timing on
the outcomes of surgical treatment for acquired valvular
heart disease. In particular, the analysis focused on post-
operative outcomes in patients who underwent valvular
surgery, stratified according to whether SARS-CoV-2 in-
fection occurred prior to hospital admission (preopera-
tive COVID-19) or during the postoperative period (hos-
pital-acquired COVID-19).

The study objectives include:

o Comparing clinical and laboratory parameters,
postoperative course, and mortality between the two
stratified groups.

o Identifying the most significant prognostic markers of
an unfavorable clinical course.

o Determining the potential relationship between
the timing of COVID-19 infection and the length of
hospitalization, duration of ventilatory support, need
for vasopressors, severity of organ dysfunction, and
mortality.

o Formulating clinical recommendations on the optimal
timing for performing valvular interventions in the
context of prior or concurrent COVID-19 infection.
Materials and Methods. This single-center retro-

spective study included 96 patients with a confirmed di-
agnosis of COVID-19 who underwent valvular surgery for
acquired heart valve disease. Participants were stratified
into two groups according to the timing of SARS-CoV-2
infection:

o Group 1 (n=69): Patients who contracted COVID-19
prior to hospital admission, with an interval of 1 to
24 months before surgery.
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e Group 2 (n=27): Patients who developed COVID-19
postoperatively during inpatient care, within a time
frame of 3 to 21 days after surgery.

Inclusion criteria:

o Confirmed diagnosis of COVID-19 based on PCR,
ELISA, or a combination of both methods.

o Surgical treatment for valvular pathology.

o Complete clinical, laboratory, and anesthesiological
records.

o Documented final treatment outcome.

Clinical parameters. The analysis included both de-
scriptive characteristics (age, sex, anthropometric data,
length of hospital stay, duration of ICU stay, mechanical
ventilation time, and dependence on dobutamine/norep-
inephrine) and dynamic biochemical, hematological, and
blood gas parameters (preoperative and on postopera-
tive days 1 and 2). Additional variables analyzed were in-
fusion therapy volume, blood product transfusions, car-
diopulmonary bypass duration, and aortic cross-clamp
time.

Statistical analysis

1. Intergroup comparisons were performed using:

o Independent samples t-test for normally distributed
data.

o Mann-Whitney U test for non-normally distributed
data.

2. Correlation analysis was conducted using Pearson’s
method to assess associations between key clinical
parameters and mortality.

3. Associations between categorical variables and
treatment outcomes (survival/mortality) were
evaluated using the Chi-square (x?) test.

4. A p-value <0.05 was considered
significant.

5. Data processing and visualization were performed
using MS Excel, JASP, and SPSS software.

Results. The study included 96 patients with con-
firmed COVID-19 who underwent valvular surgery for
acquired heart valve disease. The mean age of the cohort
was 56.8 £ 14.2 years (median: 60 years, interquartile
range [IQR]: 48.5-67.5), indicating a predominance of
older patients without extreme age outliers. Anthro-
pometric characteristics were as follows: mean body
weight, 80.7 + 15.3 kg; mean height, 170.8 £ 9.2 cm.
Based on these data, the mean body surface area, calcu-
lated using the DuBois formula, was 1.92 # 0.19 m?. Pa-
tients were stratified into two groups according to the
timing of SARS-CoV-2 infection: preoperative COVID-19
(n=69) and postoperative COVID-19 (n=27). In the pre-
operative group, the mean age was 54.4 + 14.8 years (me-
dian: 57 years), with a predominance of males (71.0 %).
In contrast, patients in the postoperative COVID-19
group were significantly older, 62.3 + 11.8 years (medi-
an: 64 years; p<0.05), and the proportion of females was
higher (70.4 %), demonstrating the opposite gender dis-
tribution compared with the preoperative group.

Comparison of clinical parameters revealed substan-
tial differences between the groups. The mean length

statistically
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of hospital stay was significantly longer in the post-
operative COVID-19 group, 28.07 + 18.4 days, versus
17.90 £ 10.8 days in the preoperative group (p<0.001).
A similar trend was observed for ICU length of stay:
17.11 * 13.8 days versus 5.14 + 4.9 days, respectively
(p<0.001). Mechanical ventilation duration was marked-
ly prolonged in the postoperative group (169.7 + 140.8 h
vs. 18.1 + 35.3 h; p<0.001), indicating severe respiratory
compromise in this cohort.

A comparison of in-hospital mortality between the
groups revealed a highly significant difference. Among
patients who had recovered from COVID-19 prior to hos-
pital admission (n=69), mortality was 4.4 % (3 cases),
whereas in the group with hospital-acquired (postopera-
tive) infection (n=27), this rate reached 59.3 % (16 cas-
es). Statistical analysis confirmed the robustness of
these differences (}*=33.48; p<0.000001; Fisher’s exact
p=1.25x107%), and the calculated odds ratio (OR=0.031)
indicated an approximately 32-fold increase in the risk of
death in the latter group. These findings strongly suggest
that the development of COVID-19 in the postoperative
period is a critical predictor of poor outcomes.

In our study, among patients who had recovered from
COVID-19 prior to hospitalization (n=69), the distribu-
tion by severity of infection was as follows: mild course
in 41 patients (59.4 %), with a postoperative mortality
rate of 4.9 % (2 cases); moderate course in 25 patients
(36.2 %), with no deaths recorded; and severe course in
3 patients (4.3 %), with a mortality rate of 33.3 % (1 case).
Among the three deceased patients in this group, two had
active infective endocarditis and died due to sepsis with
multiorgan failure, while one patient died from acute my-
ocardial infarction in the postoperative period.

In the group of patients who acquired COVID-19
postoperatively (n=27), a mild course was observed in
4 patients (14.8 %), all of whom survived, and a mod-
erate course in 7 patients (25.9 %), also without fatal
outcomes. Importantly, all cases of mild and moderate
COVID-19 occurred within the first postoperative week.
Severe disease was diagnosed in 16 patients (59.3 %),
with a mortality rate of 100 %. Among these, 12 patients
became infected after the 10th postoperative day, while
4 developed the infection between postoperative days
1 and 10.

Additional analysis showed that COVID-19 severity
was significantly associated with mortality both in the
preoperative infection group (p=0.027) and, even more
strongly, in the postoperative infection group (p<0.001).

No statistically significant differences were found
between groups regarding cardiopulmonary bypass du-
ration, aortic cross-clamp time, or transfusion volumes.
Although cardiopulmonary bypass duration was longer
in the postoperative COVID-19 group (201.6 + 14.6 min)
compared to the preoperative group (177.0 + 7.26 min;
p=0.099), this difference did not reach statistical sig-
nificance. Similarly, mean aortic cross-clamp time was
comparable between groups (127.0 * 8.44 min vs.
122.9 + 5.22 min; p=0.677). The volumes of transfused
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red blood cells, plasma, and platelets also showed no sig-
nificant differences (p>0.05 for all), although the postop-
erative COVID-19 group tended to receive larger plate-
let transfusions (277.3 + 56.6 mL vs. 225.0 + 29.8 mL).
These findings suggest that cardiopulmonary bypass du-
ration, aortic cross-clamp time, and transfusion volumes
are unlikely to be the primary determinants of outcome
differences between the two subgroups. Among patients
with preoperative COVID-19, 11 underwent emergency
surgery, including 7 with active infective endocarditis
and the remainder with decompensated non-infective
acquired valvular disease. In the postoperative COVID-19
group, 6 emergency procedures were performed, of
which 2 patients had active infective endocarditis. Sta-
tistical analysis revealed no significant differences in the
proportion of emergency cases between groups, and this
factor did not influence overall treatment outcomes.

Patients with hospital-acquired COVID-19 demon-
strated a substantially greater need for inotropic and va-
sopressor support. The duration of dobutamine infusion
was markedly prolonged, 125.19 + 88.4 hours, compared
with 21.74 + 37.2 hours in patients with preoperative
COVID-19 (p<0.001), while norepinephrine adminis-
tration lasted an average of 73.67 * 65.2 hours versus
7.19 + 15.6 hours, respectively (p<0.001). These differ-
ences indicate more profound hemodynamic instability
and a more severe postoperative course in patients with
postoperative infection.

Laboratory analysis revealed a statistically significant
decrease in platelet count in the postoperative COVID-19
group both preoperatively (205.5 + 83.4 x10°/L vs.
254.2+98.6 x10°/L,p<0.01) and at 24 hours post-surgery
(125.9 + 72.1 x10°/L vs. 178.4 + 80.7 x10°/L, p<0.001).
This group also exhibited lower hematocrit levels during
cardiopulmonary bypass (0.303 + 0.05 vs. 0.340 + 0.06,
p<0.01) and on postoperative day 1 (0.305 + 0.07 vs.
0.335 £ 0.06, p<0.001). Acid-base imbalance was noted,
with an elevated venous pH (7.44 + 0.07 vs. 7.42 + 0.05,
p<0.05), suggesting activation of compensatory meta-
bolic processes or the presence of respiratory alkalosis.

Patients who developed postoperative (hospital-
acquired) COVID-19 were also found to have signifi-
cantly higher blood glucose levels both at 24 hours
(10.40 £ 3.5 mmol/L vs. 8.75 * 2.6 mmol/L, p<0.01)
and on postoperative day 2 (8.42 + 3.2 mmol/L vs.
6.96 + 2.4 mmol/L, p<0.01). Indicators of renal dys-
function in this group included increased urea levels
(14.74 + 6.3 mmol/L vs. 11.47 + 5.1 mmol/L, p<0.05)
and reduced urine output on day 1 (1312 * 901 mL vs.
2028 + 1078 mlL, p<0.001). Elevated central venous
pressure on postoperative day 2 (96 + 20 mmH,0 vs.
76 + 18 mmH,0, p<0.001) further confirmed the pres-
ence of more severe hemodynamic compromise.

The volume of transfused red blood cells in the ICU was
nearly threefold higher in the postoperative COVID-19
group (1168 * 545 mL vs. 449 * 384 mL, p<0.05), indi-
cating more frequent hemorrhagic complications or ane-
mia related to coagulopathy. Collectively, these findings
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reflect more profound disturbances in homeostasis dur-
ing the postoperative period in the setting of COVID-19.

An association analysis between clinical and histori-
cal variables and treatment outcomes (survival vs. death)
revealed statistically significant links between several
factors and adverse outcomes. The strongest association
was observed between respiratory failure and mortality
(p<0.001), followed by the need for dobutamine (p<0.01)
and norepinephrine (p<0.01) support. Acute heart failure
was also identified as a predictor of mortality (p<0.05).
In contrast, arterial hypertension, heart rhythm, sex, and
microbiological findings had no statistically significant
effect on final outcomes.

Within the study, a correlation analysis was per-
formed between key clinical variables and treatment out-
comes (death or survival) in the cohort of patients who
developed COVID-19 during hospitalization after under-
going cardiac surgery. The dependent variable was the
binary outcome “Survival”, coded as 1 for death and 0 for
survival. Pearson’s correlation coefficients were used to
assess the direction and strength of associations between
individual parameters and the risk of death (Figure 1).
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The strongest positive correlation with mortality was
observed for dobutamine administration, with a correla-
tion coefficient of r=0.84. This finding reflects the criti-
cal degree of hemodynamic destabilization in patients
requiring inotropic support. Clinically, this implies that
patients with profound impairment of cardiac pump
function, regardless of etiology, had the poorest progno-
sis, underscoring the importance of early recognition of
heart failure and timely initiation of medical support.

A slightly lower but still strong positive correlation
was found between mortality and norepinephrine use
(r=0.76), indicating the frequent need for vasopressor
supportin severe patients with septic and/or cardiogenic
shock. The strong intercorrelation between dobutamine
and norepinephrine (r=0.81) points to a shared patho-
physiological basis and concurrent need for vasoactive
therapy in the setting of multiple organ failure.

Acute heart failure showed a correlation with mortal-
ity of r=0.53, reaffirming the prognostic relevance of car-
diovascular status. In the context of COVID-19, the myo-
cardium is vulnerable to infectious, hypoxic, and throm-
botic injury, as well as the excessive postoperative stress
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Figure 1. Correlation matrix of clinical variables and mortality
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response, all of which can cause both direct cardiac dys-
function and the need for vasoactive/inotropic support.

Postoperative respiratory failure, most often mani-
festing as pneumonia with progression to acute respira-
tory distress syndrome (ARDS), was also strongly corre-
lated with mortality (r=0.76). The presence of ventilator-
dependent respiratory dysfunction was a hallmark of
severe COVID-19 in post-surgical patients. This factor is
pathophysiologically justified, as respiratory failure is a
key component of ARDS development, hypoxemia, hyper-
capnia, and, in severe cases, multiple organ failure.

A history of pneumonia in either group showed a no-
table positive correlation with mortality (r=0.62). This
suggests that both pre-existing pneumonia and nosoco-
mial lung infections significantly impair prognosis. Lung
injury reduces respiratory reserve, promotes systemic
hypoxia, and contributes to secondary organ dysfunc-
tion. Pneumonia also correlated with dobutamine use
(r=0.52), further supporting its systemic impact through
hypoxic-ischemic myocardial dysfunction. Other vari-
ables had clinically relevant, although less pronounced,
associations with mortality. Heart rhythm demonstrated
a weak positive correlation (r=0.40), which may reflect
the detrimental effect of arrhythmias—particularly atri-
al fibrillation—on adaptive capacity. Right ventricular
hypertrophy showed a negative correlation (r=-0.42),
which may indicate a compensatory, rather than decom-
pensatory, adaptation in some patients with pulmonary
hypertension. Histological changes in the valvular appa-
ratus, specifically lipoidosis, also correlated negatively
(r=-0.41), though this was likely of limited clinical signifi-
cance in the acute setting.

Of particular note, the presence of arterial hyperten-
sion exhibited a strong negative correlation with mortality
(r=-0.63), an unexpected finding. A possible explanation is
that patients with chronic hypertension were more likely
to be on regular medication (including ACE inhibitors or
beta-blockers), which may have provided cardio- or vaso-
protective effects during acute decompensation. Moreover,
these patients may have been under closer outpatient sur-
veillance and received earlier interventions. Nonetheless,
this negative correlation should be interpreted with cau-
tion due to potential confounding factors.

Microbiological parameters - specifically, the pres-
ence of a pathogen in the oropharyngeal swab and its
identification - demonstrated moderate positive corre-
lations with mortality (r=0.48 and r=0.39, respectively).
This suggests a potential contribution of bacterial colo-
nization to the development of complications; however,
these variables did not emerge as leading risk factors
within the analyzed cohort.

Patient sex exhibited a weak negative correlation with
mortality (r=-0.36), which may indicate a slightly more
favorable prognosis in women; nevertheless, the strength
of this association is insufficient to draw definitive clini-
cal conclusions without multifactorial confirmation.

Overall, the results of the correlation analysis indicate
the presence of several key variables associated with the
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risk of death in postoperative patients with COVID-19.
The strongest associations were observed for parame-
ters reflecting respiratory and hemodynamic decompen-
sation, pneumonia, and acute heart failure. The variable
showing an inverse relationship requires further analy-
sis, taking into account potential multifactorial depend-
encies.

Discussion. The obtained results confirm the sub-
stantial impact of SARS-CoV-2 infection timing on the
postoperative course in patients who underwent valvu-
lar surgery for infective endocarditis.

Specifically, patients who contracted COVID-19 dur-
ing the postoperative period experienced a significantly
higher rate of critical complications, longer ICU stays,
markedly prolonged respiratory and hemodynamic sup-
port, worse laboratory indices of pulmonary, renal, and
coagulation function, and a higher mortality rate 59.3 %
vs. 4.4 %. These findings are consistent with reports from
multicenter studies demonstrating that early postop-
erative COVID-19 infection is an extremely unfavorable
prognostic factor [6,7].

In our cohort, the mortality rate among patients with
postoperative COVID-19 reached 59.3 % (16/27), which
was statistically higher compared to 4.4 % (3/69) in the
preoperative group (x?=33.48; p<0.001). These findings
are in line with results by Spadaccio et al. (2024), who
reported a 30-day mortality of up to 16.7 % in patients
infected within the first postoperative week compared
with 3.5 % in those infected later [7].

In our analysis, mechanical ventilation duration, as
well as dobutamine and norepinephrine requirements,
were significantly greater in the postoperative COVID-19
group, supporting the role of severe respiratory failure
and septic or cardiogenic shock as the primary patho-
physiological mechanisms of death, as described in ear-
lier studies [1,6].

In contrast, patients who had recovered from
COVID-19 prior to admission experienced a significantly
milder postoperative course. This aligns with the findings
of the large prospective COVIDSurg Collaborative study,
which demonstrated that postoperative mortality de-
creases in proportion to the interval between infection
and surgery, reaching background population levels only
after the 7th week [3]. In our sample, this group had a
significantly younger mean age, shorter hospital and ICU
stays, and fewer critical complications. Such results re-
inforce prior recommendations to postpone elective car-
diac surgery for at least 6-7 weeks after COVID-19, even
in cases with mild or asymptomatic disease [3,4].

Laboratory comparisons between groups provide
further insight into the pathophysiological basis of these
clinical differences. Postoperative COVID-19 was as-
sociated with more severe thrombocytopenia, reduced
hematocrit, hyperglycemia, acid-base disturbances (aci-
dosis or alkalosis), hypoalbuminemia, and elevated urea
levels - findings consistent with systemic inflammation,
coagulation disorders, renal impairment, and metabolic
dysregulation. These changes align with literature de-
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scribing post-COVID endothelial dysfunction, systemic
proinflammatory state, immunosuppression, and resid-
ual multi-organ dysfunction [1,9,10]. The combination
of cardiac surgical inflammatory stress with residual
COVID-19 manifestations appears to produce a synergis-
tic detrimental effect on the lungs, myocardium, kidneys,
and coagulation system [1].

It is important to note that even in the literature, pre-
dicting individual risk after severe COVID-19 remains
challenging, as residual pathophysiological changes
may persist for more than 2-3 months [4]. In our study,
patients with a mild course of preoperative COVID-19
(59.4 % of this subgroup) demonstrated a low postop-
erative mortality rate of 4.9 %, while those with moder-
ate disease had no fatal outcomes, suggesting that, in the
absence of severe pulmonary or systemic complications,
cardiac surgery may be performed with acceptable risk
following adequate recovery. Conversely, severe preop-
erative COVID-19 was associated with a markedly higher
mortality (33.3 %), underscoring the need for a cautious,
individualized risk-benefit assessment in such cases.
These findings are consistent with previously published
data, which recommend postponing elective surgery for
atleast 6-7 weeks after SARS-CoV-2 infection to minimize
perioperative complications and mortality [3,4].

However, our results also highlight the particularly
unfavorable prognosis of postoperative COVID-19, where
severe infection was observed in 59.3 % of patients and
was universally associated with mortality (100 %). Im-
portantly, even patients with mild or moderate forms of
COVID-19 contracted during the early postoperative pe-
riod required prolonged intensive care, though they ul-
timately survived. This contrast between pre- and post-
operative infection emphasizes the decisive impact of
infection timing: while optimized timing of surgery after
recovery may mitigate risks in preoperative cases, post-
operative COVID-19 represents a critical determinant of
adverse outcomes, likely driven by additive effects of sur-
gical stress, cardiopulmonary bypass, and immune dys-
regulation.

Postoperative infection, however, represents a funda-
mentally different scenario. As shown in our study, pa-
tients with hospital-acquired COVID-19 had markedly
higher mortality (59.3 % vs. 4.4 %), longer mechanical
ventilation times (169.7 + 140.8 hvs. 18.1 + 35.3 h), great-
er inotropic requirements (dobutamine: 125.2 + 88.4 h
vs. 21.7 + 37.2 h; norepinephrine: 73.7 + 65.2 h vs.
7.2 * 15.6 h), and significantly prolonged ICU stays
(17.1 £ 13.8 days vs. 5.1 £ 4.9 days). These findings are
consistent with European observational data, where in-
fection within the first 1-5 days after surgery was associ-
ated with mortality rates exceeding 15-20 % [7].

A particularly unfavorable scenario was infection oc-
curring within the first postoperative week, with subse-
quent clinical manifestation of COVID-19 after day 10. In
such cases, the disease course was characterized by pro-
gressive respiratory failure, the development of septic or
cardiogenic shock, prolonged vasopressor and ventila-

127

tory support, and a substantially increased risk of death.
Thus, the most critical situation remains early hospital-
acquired COVID-19 after cardiac surgery, emphasizing
the necessity for strict in-hospital infection control and
early detection of even minimal symptoms in postopera-
tive patients [6].

In summary, our study supports the key conclusions
of current literature regarding the impact of COVID-19
infection timing on postoperative outcomes. Postopera-
tive infection is associated with higher rates of multi-or-
gan failure, prolonged mechanical ventilation, extended
vasoactive therapy, and increased mortality. For patients
with preoperative COVID-19 and an adequate recovery
interval, surgery is potentially safe if clinical recovery
and stability are achieved. The identified clinical and ana-
lytical associations underscore the importance of consid-
ering not only prior COVID-19 history but also the timing
of infection relative to surgery when assessing risk, plan-
ning procedures, and stratifying prognosis.

Conclusions. The results of this clinical and analyti-
cal study indicate that the timing of COVID-19 infection
plays a decisive role in determining the postoperative
prognosis of patients undergoing valvular surgery for
infective endocarditis. Hospital-acquired (postoperative)
COVID-19 is associated with a significantly higher inci-
dence of critical complications, including respiratory fail-
ure, acute cardiac and renal dysfunction, prolonged ino-
tropic and ventilatory support, elevated glucose and urea
levels, and thrombocytopenia. These complications were
accompanied by markedly longer durations of mechani-
cal ventilation, ICU stay, and total hospitalization.

Postoperative mortality in this cohort was substan-
tially higher compared with patients who had COV-
ID-19 prior to admission. Conversely, the preoperative
COVID-19 group demonstrated more favorable outcomes,
provided that there was an adequate interval between
recovery from infection and surgery. This finding aligns
with global literature identifying a safe interval of ap-
proximately 6-7 weeks post-recovery for most patients.

Correlation analysis revealed a strong association
between mortality and indicators of multi-organ failure,
including prolonged use of dobutamine and norepineph-
rine, development of respiratory failure, hypovolemia,
hypoxia, and metabolic disturbances. Contingency analy-
sis confirmed the statistically significant impact of these
variables on treatment outcomes.

Thus, the study establishes that:

1. The timing of SARS-CoV-2 infection is a key predictor
of outcomes after valvular surgery. In our cohort,
hospital-acquired (postoperative) COVID-19 was
associated with significantly higher mortality (59.3 %
vs. 4.4 % in patients with preoperative COVID-19),
prolonged ICU stay (17.1 + 13.8 days vs. 5.1 + 4.9
days), extended mechanical ventilation (169.7 + 140.8
h vs. 18.1 + 35.3 h), and greater need for inotropic/
vasopressor support.

2. Patients with preoperative COVID-19 demonstrated
significantly better outcomes; however, in our cohort
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the interval between infection and surgery ranged
from 1 to 24 months. This supports the conclusion
that delaying surgery after COVID-19 is reasonable.
Our findings are consistent with literature reports
(COVIDSurg Collaborative, EI-Boghdadly etal.) indicating
that an interval of at least 6-7 weeks is optimal. At the
same time, in clinical practice, urgent procedures were
unavoidable (11 cases in the preoperative group, 6 in
the postoperative group) due to infective endocarditis
or decompensated valvular disease.

. Correlation analysis confirmed strong associations

between mortality and indicators of multiorgan
dysfunction,particularly the duration of dobutamine
infusion (r=0.84), norepinephrine use (r=0.76),
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postoperative respiratory failure requiring
mechanical ventilation (r=0.76), and pneumonia
(r=0.62). In contrast, sex, arterial hypertension, and
microbiological findings showed no statistically
significant impact on outcomes.

. Practical implications: our findings indicate that the

most unfavorable scenario is early hospital-acquired
COVID-19 occurring within the first postoperative
week, with clinical manifestation after day 10. This
underscores the necessity for strict infection control
measures in cardiac surgery units, early detection of
even minimal COVID-19 symptoms in postoperative
patients, and individualized surgical planning in the
post-COVID era.
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Pesynbrati XipypriuHoro nikyBaHHs KianaHHux Bapg, cepus B enoxy COVID-19:
cTpatndiKOBaHUI aHaANi3 3aN€XHO BiA Yacy iHPiKyBaHHSA

KocosaH [1. M.
LY «HauioHanbHWIA IHCTUTYT CepLeBO-CYAMHHOI Xipyprii iM. M.M. AMocoBa HAMH Ykpainu», M. Kuis, YkpaiHa

Pe3rome

AxkTyanbHicTb. [langemis COVID-19 cTBopuia 6e3npelieileHTHI BUKJIWKU B Kap/ioxipyprii, 30Kkpema 11100 BU-
60py ONTUMAJILHOI'0 Yacy /Jisl BTpy4YaHb y NanieHTiB i3 nepeHeceHuM SARS-CoV-2. BiiinB yacoBUX iHTepBaJIiB Mix
iHpikyBaHHSAM i Xipypri€ro Ha pe3y/IbTaTH JIiIKYBaHHS 3aJIUILAETHCS HEJJOCTATHHO BUBUEHHM.

Merta. OuinuTu BiiuB TepMiHiB iHdikyBaHHA COVID-19 - go rocmitanisauii a6o micasonepaniiHoro (HO30ko0-
MiaJIbHOT0) 3apaXKeHHS — Ha TOCIITalbHi pe3y/JIbTaTH XipypriyHoro JiKyBaHHS HaOyTHX BaJ CepIf.

YKpaiHCbKUI )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



Dmytro M. Kosovan / Surgical Outcomes in the Era of COVID-19: A Stratified Analysis Based... 429

Marepiasu Ta MeTogu. PeTpocneKTUBHE KJiHIKO-aHAMITUYHE AOC/i/PKEHHS BKJIIO4aI0 96 MalieHTiB, IKUM y
2021-2024 pp. BUKOHaHO XipypriyHy KopekIiito HabyTux Baj cepus. [lanieHTiB cTpaTHdikoBaHO 32 YaCOM BUHUK-
HeHHs1 COVID-19 mozo onepanii: (1) go rocmitasnizanii, (2) nicis onepauii, (3) o6uaBa Bunagku. AHasnisyBaucs
CTPOKHU iHQiKyBaHHSA, TAKKICTb Nepebiry, cynyTHi 3aXBOpIOBaHHSA, XipypriuyHi napaMeTpH, rocnitajbHa JeTaJlb-
HICTB i yCKJIaJIHEHHA.

Pe3ynbraTu. [I0Ka3HUKH JIETA/IBHOCTI Ta YCKJIaZJHEHb iCTOTHO Bifpi3HANMCA 3a/1€XHO Bif yacy iHpikyBaHHS.
HaiiBuuty cmepTHicTb (33,3 %) Ta TpuBase epebyBaHHS B peaHiMalii 3adikcoBaHo y nauieHTiB i3 HO30KOMiasb-
HuM COVID-19. HatoMmicTb nauieHTH 3 BiggaseHum nepeHeceHum COVID-19 (>3 mic) masu 3icTaBHI pe3ysnbTaTH 3
COVID-HeraTuBHUMH. He3anexxHUMU paKTOpaMU PU3UKY BUSIBJIEHO OaraToKJIallaHHE BTPyYaHHs, HeJJaBHE iHQI-
KyBaHHA (<30 gi6) Ta nicasionepauniiinuii COVID-19 (p<0,05).

BucHoBkH. Yac iHpikyBaHHs COVID-19 cyTTeBO BIJIMBA€E Ha pe3y/IbTaTH KJIamaHHOI Xipypril. 3a MOXXJINBOCTI
[IJIAaHOBI BTPY4YaHHS CJiJ, BilTepMiHOBYBAaTH Ill0HaliMeHllle Ha 6-7 THXHIB nicsaa nepeHeceHoro COVID-19. Ilpo-
¢dinakTHKa rocnitTasbHOro iHQiKyBaHHS 3aUIIAETHCS KPUTUYHO BAXK/JIMBOIO 3 OIVIsIly HAa HOT0 3HAYHUH BIIMB Ha
JIeTaJIbHICTb.

Kawwuosi cnosa: COVID-19, kapdioxipypeis, Ha6ymi eadu cepys, nicasionepayitiHi yckAadHeHH s, 20cnima/abHa Je-
MmaabHiCMb, 4ac iHPIKY8aHHSL.
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Search for Fundamental Patterns in the Behavior of Integral Parameters
of Cardiopulmonary Bypass for Rapid Assessment of Oxygen Balance
During Cardiac Surgery

Abstract

Disruption of the balance between oxygen delivery and consumption remains a key contributor to metabolic
disturbances and potential perioperative complications. This study explores the feasibility of calculating
and applying the oxygen mass transfer coefficient (KO,) as a core indicator of the mass-exchange capacity
of the microcirculatory membrane. The proposed approach is grounded in the theoretical linkage between
critical parameters of cardiopulmonary bypass (CPB) and the fundamental Fick’s law, enabling a quantitative
assessment of oxygen diffusion efficiency under artificial circulation conditions.

Objective. To improve the assessment of systemic oxygen balance during CPB by introducing an integral
oxygen mass transfer coefficient (KO;), which combines the main perfusion adequacy criteria based on Fick’s
principle.

Materials and Methods. A total of 129 intraoperative observations were analyzed during cardiac surgical
procedures involving cardiopulmonary bypass (CPB). These data served as the basis for all necessary
calculations to determine the oxygen mass transfer coefficient (KO,). CPB monitoring parameters included
standard acid-base balance and blood gas variables consistent with the alpha-stat strategy, based on Astrup’s
micromethod and the Siggaard-Andersen principles, using conventional blood gas analyzers. Additionally,
physiological variables were taken into account, including hemodynamic indices, hematological status,
anthropometric characteristics, as well as indicators of perfusion efficiency and metabolic balance.

Results. Within the framework of analytical validation, KO, dynamics demonstrated consistent behavior across
both temperature groups and aligned with independent markers of tissue oxygenation status - specifically,
increases in lactate levels and oxygen extraction, decreases in venous blood gas parameters, and shifts in acid-
base balance. As these variables were not included in the clustering algorithm, their concordance supports
the analytical independence and functional informativeness of KO,. Furthermore, changes in KO, were often
observed to precede alterations in metabolic parameters.

Conclusions. The construct validity of KO, demonstrated sensitivity to early alterations in oxygen balance
and functional concordance with independent metabolic indicators, supporting its potential as a promising
engineering parameter for automated assessment of oxygenation efficiency during cardiopulmonary bypass.

Keywords: cardiopulmonary bypass, perfusion optimization, oxygen supply-demand balance, mass transfer
coefficient, critical conditions, cardiac surgery.

Introduction. Cardiopulmonary bypass (CPB) is an
essential component of modern cardiac surgery, pro-
viding temporary support for systemic circulation and
gas exchange during cardiac interventions. During sur-
gery, the CPB system fully replaces the heart’s pumping

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

function and the lungs’ oxygenation capacity, ensuring
adequate oxygen delivery to vital organs under varying
temperature conditions - an aspect that is critically im-
portant for preventing ischemic injury [1,2].

The assessment of perfusion effectiveness in clinical
practice is based on a range of physiological parameters,
including the perfusion index (PI), mean arterial pres-
sure (MAP), mixed venous oxygen saturation (SvO,),
venous partial pressures of oxygen (PvO;) and carbon
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dioxide (PvCO,), as well as acid-base balance variables.
According to current international guidelines from the
Extracorporeal Life Support Organization (ELSO) and
the European Association for Cardio-Thoracic Surgery
(EACTS), these parameters serve as key markers of sys-
temic stability and adequate oxygenation [3,4].

Contemporary paradigms of perfusion management
focus on maintaining the balance between oxygen deliv-
ery (DO;) and oxygen consumption (VO,), which is wide-
ly recognized as the primary determinant of «adequate»
tissue perfusion. Targeted maintenance of this dynamic
equilibrium is achieved through integrated control of
hemodynamic variables and the blood’s gas transport
function, in accordance with established international
clinical standards. As noted by Carrasco-Serrano and
colleagues, maintaining this specific balance is critical for
preventing acute ischemic complications and is associat-
ed with improved clinical outcomes in patients undergo-
ing cardiopulmonary bypass [5].

Over the past decade, the integration of automated
control systems into various aspects of cardiopulmonary
bypass has progressed significantly. As early as the mid-
1980s, Riley and colleagues described a microprocessor-
based system for real-time data acquisition and process-
ing, enabling continuous monitoring of key parameters
and immediate alerting in the event of deviations [6].
Contemporary approaches now include automated tem-
perature management (controlling the cooling and re-
warming phases during CPB) [7], as well as continuous
gas exchange monitoring using systems such as Quan-
tum Perfusion [8], which enable automated regulation of
blood parameters (PaO,, PaCO,, Sv0O,) without the need
for interval-based venous sampling.

However, traditional macrocirculatory criteria often
fail to detect microcirculatory disturbances, particularly
during prolonged hypothermia or reperfusion phases.
As demonstrated by Kara et al., microcirculatory dys-
function may persist even when mean arterial pressure
(MAP) and mixed venous oxygen saturation (SvO,) re-
main within normal ranges, underscoring the need for
additional monitoring parameters [9].

From a fundamental physiological perspective, oxy-
gen transport across the microcirculatory membrane is
governed by Fick’s law, which states that the rate of mass
transfer depends on the concentration gradient and the
diffusional resistance of the membrane [10]. Neverthe-
less, under clinical CPB conditions, these processes are
significantly complicated by phenomena such as shunt-
ing, alterations in capillary membrane thickness, and
fluctuations in vascular resistance, necessitating the de-
velopment of adaptive, clinically oriented models [11].

The dynamic variability of the living microcirculatory
membrane necessitates the development of applied solu-
tions to adapt classical mass transfer laws to the practical
realities of cardiopulmonary bypass. Despite their chron-
ological remoteness, a number of foundational studies
remain scientifically relevant, as contemporary literature
has yet to propose novel methodological frameworks for
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the quantitative assessment of these processes. A deeper
understanding and clinical interpretation of regulated
physiological parameters - grounded in the principles
of fundamental physics - contribute to improving the di-
agnostic precision and therapeutic correction of oxygen
balance disorders.

This study is intended for practicing perfusionists and
proposes a practical framework for managing CPB based
on the principles of oxygen mass transfer in a real circu-
latory system, logically derived from Fick’s law.

The implementation of this study was made possible
through the support of the M.M. Amosov National Institute
of Cardiovascular Surgery of the National Academy of Medi-
cal Sciences of Ukraine. The research was conducted within
the framework of an official cooperation agreement with
the National Technical University of Ukraine «Igor Sikorsky
Kyiv Polytechnic Institute», which enabled the verification
of the engineering concept in the context of real clinical
cardiopulmonary bypass procedures. The authors express
their sincere appreciation for the access to clinical materials
and the facilitation of the research process.

Objective. To improve the assessment of systemic
oxygen balance during CPB by introducing an integral
oxygen mass transfer coefficient (KO;), which combines
the main perfusion adequacy criteria based on Fick’s
principle.

Working Hypothesis. According to Fick’s law of mo-
lecular diffusion across a membrane surface, the amount
of substance dM passing through an elementary surface
area dS normal to the direction of diffusion over time dt
is proportional to the concentration gradient dC/dx of the
substance. The negative sign indicates that diffusion oc-
curs in the direction of decreasing concentration:

dM = — DdSdt4S,
dx

For real-world conditions of cardiopulmonary by-
pass, we proposed the assumption that the surface area
dS of the microcirculatory membrane within the sys-
temic capillary network is inversely proportional to the
systemic vascular resistance index (SVRI). The oxygen
concentration gradient dC between blood and mitochon-
drial tissue is maintained by the indexed arterial oxygen
delivery (IDO.), assuming that the mitochondrial oxygen
concentration remains Constant. The flux dM across the
microcirculatory membrane corresponds to the indexed
oxygen consumption (IVO5;).

Given the dynamic changes within the microcirculato-
ry network - including potential blood shunting - rather
than using the classical diffusion coefficient D, (whichis a
constant), we introduced the oxygen mass transfer coeffi-
cient (KO;), which reflects the dynamic properties of the
microcirculatory interface.

As a result, we derived an equation that is conceptu-
ally linked to the fundamental law of membrane mass ex-
change but is based on measurable parameters relevant
to artificial circulation:

dM = — DdsdtdS,
dx
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Here, IVO, serves as the functional equivalent of the
flux dM; 1/SVRI represents the effective surface area
dS; IDO, corresponds to the concentration gradient dC;
and KO, is introduced as the functional equivalent of
membrane permeability and thickness, analogous to D/
dx.

Accordingly, Fick’s law for oxygen transport across
the capillary membrane can be reformulated as follows:

_ 4 n-5K02xIDO2
IVO2 = 10 —sVRl

To enable a quantitative assessment of oxygen
transport efficiency under cardiopulmonary bypass
conditions, the following equation for the oxygen mass
transfer coefficient (KO,) was proposed:

1 ~—5IVO2x SVRI

Units of Measurement:

Oxygen Mass Transfer Coefficient - (KO,) = kg-s™*-m"~

Indexed Oxygen Consumption - (IVO;) = mL/min/m?

Indexed Oxygen Delivery - (IDO;) = mL/min/m?

Systemic Vascular Resistance Index - (SVRI) =
dyn-s-cm™*-m?

The validity of the proposed equation is supported
by the dimensional consistency of KO,, expressed as
kg-s™*-m™2. The oxygen mass transfer coefficient (KO,)
reflects the rate of oxygen transport through a unit surface
area of the capillary membrane per unit time, serving as
an integrated indicator of gas diffusion efficiency within
the «cardiopulmonary bypass-organism system». The
diffusional resistance of the membrane is defined as the
reciprocal of KO, (1/KO;), providing a measure of the
barriers to oxygen transport.

Materials and Methods. The study included N = 129
intraoperative observations recorded between August
21, 2023, and May 2, 2025, during cardiac surgical
procedures in n = 42 adult patients with acquired heart
defects. The general characteristics of the patient cohort
are presented in Table 1.

All surgical procedures were performed using conven-
tional cardiopulmonary bypass (CPB) technology with
central cannulation, ensuring effective anatomical de-
compression of the heart. The perfusion circuit consisted
of a disposable Sorin Inspire 8 membrane oxygenation
system with an integrated arterial filter, heat exchanger,
and connection tubing. Perfusion flow was maintained

2

Table 1
General characteristics of the patient cohort (n = 42)

Indicator, units Value

Age, years 55.7£12.6 (24; 76)
Height, cm 174.4 + 8.9 (158; 190)
Weight, kg 93.7 £ 18.6 (50; 123)

Body surface area (BSA), m? 2.08 £ 0.23 (1.50; 2.49)
30.6 £ 4.9 (19.5; 38.7)

14 (33.3 %)

Body mass index, kg/m?
Female gender
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using roller-pump heart-lung machines equipped with
auxiliary temperature regulation systems. The mean du-
ration of CPB was 230 * 27 minutes.

To evaluate the impact of temperature strategy on
perfusion efficiency, observations were stratified into
two groups. The first group — normothermia (T 2 35 °C,
N =49) - corresponded to the controlled rewarming
phase following the main surgical stage. The second
group - moderate hypothermia (T = 28-32 °C, N =80) -
represented a targeted cooling strategy applied in ac-
cordance with myocardial and central nervous system
hypothermic protection protocols.

Comprehensive assessment of perfusion status in-
cluded measurements of hemoglobin concentration (Hb)
and hematocrit (Hct) as blood rheological parameters,
along with systemic hemodynamic indicators: mean ar-
terial pressure (MAP), central venous pressure (CVP),
and perfusion index (PI), normalized to body surface
area (BSA) calculated using the Du Bois formula.

Blood gas monitoring encompassed mixed venous
oxygen saturation (SvO,), partial pressures of venous
oxygen (PvO,) and carbon dioxide (PvCO), oxygen con-
tent in arterial (Ca0O,) and venous (CvO;) blood, as well
as pH, base excess (BE), lactate, and oxygen extraction
ratio (O2ER).

For each observation, indexed oxygen delivery (IDO;),
indexed oxygen consumption (IVO;), and systemic vas-
cular resistance index (SVRI) were calculated. Based
on these variables, the oxygen mass transfer coefficient
(KO;) was derived to reflect oxygenation efficiency un-
der the perfusion gradient, using the following original

formula:
_5 V02 x SVRI
K02 = 10 SW

Perfusion status stratification was performed using k-
means clustering (k = 3), applied separately within each
temperature group. The clustering model included only
three variables - IVO,, IDO,, and SVRI - which constitute
the analytical basis of the KO, formula. Prior to cluster-
ing, all input data were standardized using z-score nor-
malization to ensure equal weighting of variables within
the multidimensional space.

Each observation was automatically assigned to one
of three clusters, which were subsequently ordered by
the median IVO, value and conditionally designated as
states of reduced (Cluster 1), physiologically appropriate
(Cluster 2), or elevated (Cluster 3) oxygen consumption.

Despite a limited number of observations in some
clusters (N = 10-26), the clustering approach is meth-
odologically justified due to the low dimensionality of
the model, the homogeneity of the stratified cohort, the a
priori definition of cluster number, and the non-inclusion
of KO in the clustering algorithm - used exclusively for
analytical validation.

Additional credibility was ensured through post-
clustering statistical validation: for each cluster, descrip-
tive analysis was performed on key parameters (IVO,,
IDO,, SVRI, KO5;), along with supplementary indicators of
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macrocirculation and metabolism (MAP, PI, SvO,, PvO,,
Ca0,, Cv0,, PvCO,, O2ER, pH, BE, lactate). Intercluster
differences were tested for statistical significance using
Welch’s t-test, with a significance level of a = 0.05.

Results. Analysis of the stratified normothermic (Ta-
ble 2) and moderately hypothermic (Table 4) groups re-
vealed consistent patterns between oxygen consumption
levels and the behavior of the oxygen mass transfer co-
efficient (KO,). Within each temperature group, k-means
clustering distinguished three functional states - re-
duced, physiologically appropriate, and elevated VO, -
accompanied by coherent shifts in lactate levels, diffu-
sion-related transport indices, and metabolic responses.
Below are the results for each temperature strategy con-
sidered separately.

In the normothermic group (N =49), the sequen-
tial ordering of clusters reflected a progressive increase
in VO, and was associated with corresponding rises
in venous lactate concentration (from 1.63 +0.59 to
3.52 £ 1.74 mmol/L), indexed oxygen consumption VO,
(from 87.46 = 20.65 to 133.19 + 19.78 mL/min/m?), and
oxygen extraction ratio O,ER (from 20.11+3.76 % to
28.00 £4.50 %). These changes were accompanied by
progressive acidosis, with pH decreasing from 7.39 + 0.04
to 7.31 £ 0.05, a rise in base deficit (BE from 0.52 + 2.45
to -4.01 + 3.35 mmol/L), and a compensatory reduction
in PvCO, (from 40.11 + 5.27 to 38.43 £ 5.22 mmHg).

According to the working hypothesis, the condi-
tional equivalent of microcirculatory membrane sur-
face area - SVRI - remained statistically unchanged
between Clusters 1 and 3 (p = 0.5744), as reflected by
their respective mean values: 2331.35+383.34 and
2398.69 * 338.54 dyn-s-cm™°-m? In contrast, transmem-
brane oxygen transport (KO,) was significantly higher
(p = 0.0029) in Cluster 3, with elevated consumption
(0.0071+0.0012 kg's™*m™%) compared to Cluster 1
(0.0059 +0.0010 kg-s™*-m™%). This difference may be
explained by a pronounced metabolic demand and the
presence of oxygen debt. The latter is confirmed by the
highest lactate concentration - 3.52 *+ 1.74 mmol/L - re-
corded in the third normothermic cluster.

The differences between Clusters 1 and 3 reflect a
progressive increase in metabolic oxygen demand during
the rewarming phase, which logically enhances oxygen
transport intensity and results in a corresponding eleva-
tion of the mass transfer coefficient.

Cluster 2, characterized by a conditionally physi-
ological level of VO,, proved to be the most informa-
tive for evaluating the physiological relevance of the
oxygen mass transfer coefficient (KO;). Despite re-
duced oxygen delivery (IDO,=283.14 mL/min/m?),
this cluster exhibited the highest systemic vascular re-
sistance (SVRI=3604 dyn-s-cm™>-m?), which resulted
in a localized and dataset-wide maximum KO, value of
0.0082 kg-s™*m™2.

This parameter configuration reflects pronounced
functional stress within the microcirculatory system,
manifesting as an increased diffusive workload required
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to maintain adequate oxygen consumption (VO;). These
changes most likely reflect the activation of compensa-
tory mechanisms within the microcirculation, particu-
larly the redistribution of blood flow between regions
with high and low metabolic demands («hungry» and
«satiated» zones). This observation is consistent with the
adapted model of dynamic capillary flow heterogeneity
implemented via cellular automaton modeling, as pre-
sented in the study by Ye Nastenko [12].

The increase in transmembrane oxygen transport was
further supported by the presence of an oxygen debt, as
evidenced by elevated lactate levels in Cluster 2, though
less pronounced than in Cluster 3. Thus, the cumulative
effect of oxygen debt and compensatory membrane dy-
namics under reduced oxygen delivery led to the highest
KO, value observed in the normothermic group.

Hemodynamic parameters such as mean arterial
pressure (MAP) and perfusion index (PI) remained sta-
ble across all clusters, indicating macroscopic compen-
satory integrity of the system. In contrast, gas exchange
variables defining the oxygen gradient showed charac-
teristic trends: partial pressure of venous oxygen (Pv0,),
mixed venous oxygen saturation (Sv0;), and venous oxy-
gen content (CvO,) progressively decreased alongside an
increasing oxygen extraction ratio (O,ER). This pattern
reflects a growing concentration gradient and, in accord-
ance with Fick’s law, enhanced transmembrane oxygen
mass transfer.

Simultaneous increases in lactate concentration and
decreases in pH and base excess (BE) suggest an elevated
metabolic load that could not be fully compensated by
oxygen delivery alone, necessitating additional activa-
tion of extraction mechanisms. Thus, KO, served in this
subgroup as an integrated engineering indicator, captur-
ing both the oxygen delivery gradient and microcircula-
tory membrane resistance, demonstrating sensitivity to
changes in VO, and tissue metabolic stress.

For most variables analyzed, statistically significant
inter-cluster differences were observed (Table 3). Excep-
tions included indexed oxygen consumption (IVO;) be-
tween Clusters 1 and 2, and systemic vascular resistance
index (SVRI) between Clusters 1 and 3, where no statisti-
cally significant differences were detected (p > 0.05).

Thus, during the normothermic perfusion phase (re-
warming), the oxygen mass transfer coefficient (KO;)
demonstrated high sensitivity to changes in perfusion
status, enabling clear differentiation between clusters
and showing a strong association with vascular resist-
ance mechanisms, oxygen transport gradient, and tissue
metabolic response.

In the moderate hypothermia group (N=80; T=28-
32°C), KO, preserved a similar trend - its values cor-
responded to a stepwise increase in oxygen consump-
tion (from 48.36 +10.08 to 111.83 +18.29 mL/min/m?),
demonstrating a positive correlation with oxygen
debt indicators (lactate increase from 2.08 +0.79 to
4.27 £1.66 mmol/L), indexed oxygen consumption
(IVO;), and oxygen delivery (IDO,: from 272.18 + 48.73
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Clustering of oxygen transport, gas exchange, and metabolic parameters under normothermia (T 2 35 °C), based on VO,

IDO;, and SVRI

Parameter (unit) VO, (Cluster 1) ©VO0, (Cluster 2) TVO, (Cluster 3)
Number of observations (N) 25 10 14

IVO; (mL/min/m?) 87.46 £ 20.65 90.39 £ 18.76 133.19%£ 19.78

IDO; (mL/min/m?) 350.50 * 40.87 283.14 £ 56.17 409.38 + 39.87

SVRI (dyn-s-cm5-m?) 2331.35 + 383.34

3604.23 £ 69748 2398.69 * 338.54

KO, (kg-s :m2) 0.0059 * 0.0010

0.0082 £0.0013 0.0071 £0.0012

MAP (mmHg) 77.64 +11.88 7790+ 10.51 75.64+11.39
SvO, (%) 79.50 £ 6.45 75.00 £ 6.79 73.36 £ 6.58
PvO, (mmHg) 44.83 % 691 39.83 + 5.64 38.14 % 6.53
Ca0;, (mL/dL) 1471+ 2.28 13.24+2.01 1574+ 1.94
CvO;, (mL/dL) 11.75%£1.92 9.87 £1.85 11.31+1.86

PI (L/min/m?) 2.66 * 0.44 2.34%0.37 2.74 % 0.46
PvCO, (mmHq) 40.11 £5.27 39.11+ 484 38.43 +£5.22
02ER (%) 20.11+3.76 25.20* 3.67 28.00 + 4.50
Lactate (mmol/L) 1.63 £0.59 2.38 £0.81 352174

pH 7.39 £ 0.04 7.35 £ 0.05 7.31 +0.05

BE (mmol/L) 0.52 £2.45 -2.05+2.88 -4.01 £ 3.35
Table 3

Statistical validation of inter-cluster differences under normothermia using Welch'’s t-test

Parameter t(lvs2) p(1vs2) t(1vs3) p (1vs 3) t(2vs 3) p (2vs 3)
IVO, -0.40 0.6903 -6.82 <0.0001 -5.39 <0.0001
IDO; 3.44 0.0044 -4.38 0.0002 -6.09 <0.0001
SVRI -5.45 0.0002 -0.57 0.5744 5.06 0.0003
KO, -7.27 <0.0001 -3.32 0.0029 4.09 0.0007

to 397.90 + 57.18 mL/min/m?), while systemic vascular
resistance remained stable (SVRI: from 2735.10 * 446.24
to 2486.17 + 464.39 dyn-s-cm™>-m?).

The association between KO, and metabolic demand,
as predicted by the working hypothesis, is supported
by its elevated values in clusters with higher lactate (up
to 4.27 +1.66 mmol/L), accompanied by progressive
changes in pH (from 7.35 + 0.04 to 7.30 + 0.04) and base
excess (from -1.32 +3.02 to -5.10 * 2.44 mmol/L), con-
firming the model’s sensitivity to metabolic shifts.

Gas exchange parameters further validated the strati-
fication logic: with increasing VO,, there was a consist-
ent decrease in PvO, (down to 33.75#*5.47 mmHg),
SvO, (down to 67.75+7.05 %), and CvO, (down to
9.48 + 1.74 mL/dL), along with a corresponding increase
in O2ER to 30.37 £ 4.71%. Meanwhile, the stability of
mean arterial pressure (MAP) (63.22-67.08 mmHg) and
perfusion index (PI) (2.41-2.77 L/min/m?) across all
clusters indicated preserved macrocirculation, support-
ing the interpretation of KO, as an independent marker
of microcirculatory oxygen transfer efficiency under
moderate hypothermia.

Despite the lack of statistically significant differences
in KO, values between clusters within the moderate hy-

pothermia group (Table 5), the coefficient demonstrated
a clear progression-from 0.0051 to 0.0088 kg-s™*-m™2 -
in line with VO,, IDO,, and lactate levels. This finding
supports the preserved physiological sensitivity of the
indicator, even in the presence of partial overlap in with-
in-group variation. Therefore, KO, remains a valid and
informative analytical marker of oxygen transport effi-
ciency under hypothermic conditions, despite the statis-
tical neutrality of group comparisons.

Discussion. In current clinical practice, the assess-
ment of oxygen balance during cardiopulmonary bypass
(CPB) is primarily based on macrocirculatory indica-
tors, which do not reflect the actual status of diffusive
exchange at the microcirculatory level. The oxygen mass
transfer coefficient (KO;) proposed in this study repre-
sents an attempt to quantify oxygenation efficiency using
a fundamental physiological principle - Fick’s law. Unlike
isolated analyses of VO,, IDO,, or SVRI, the KO, model
provides an engineering-based formalization of their
interrelation as a derived variable with a clear physical
meaning.

Validation results demonstrated that KO, dynamics
in both temperature groups were consistent and aligned
with independent indicators of tissue oxygenation load -
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Table 4
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Clustering of oxygen transport, gas exchange, and metabolic parameters under moderate hypothermia (T = 28-32 °Q),

based on IVO,, IDO,, and SVRI

Parameter (unit) V0, (Cluster 1) <>VO; (Cluster 2) TVO, (Cluster 3)
Number of observations (N) 26 42 12

IVO, (mL/min/m?) 48.36 = 10.08 7124 £11.82 111.83 # 18.29
IDO; (mL/min/m?) 272.18 £ 48.73 318.29 £52.53 39790 £ 57.18
SVRI (dyn-s-cm3-m?) 2735.10 £ 446.24 2513.24 £ 43777 2486.17 * 464.39
KO3 (kg-s*-m2) 0.0051 +0.0009 0.0069 + 0.0009 0.0088 +0.0012
MAP (mmHg) 63.22 £ 845 65.86 * 6.33 67.08 £ 6.76
SvO; (%) 7422 +7.88 7195%+6.73 67.75 *7.05
PvO, (mmHg) 39.24 £ 6.24 36.74 591 33.75£5.47
Ca0; (mL/dL) 13.72+1.85 13.49+1.93 14.98 + 2.03
CvO; (mL/dL) 10.18 £ 1.92 9.61%1.78 948 £1.74

Pl (L/min/m?) 241 +£041 2.62 £0.47 2.77 £0.46
PvCO, (mmHg) 4148 + 538 4072 £5.17 39.44 529
O2ER (%) 22.25+ 387 25.66 £ 4.39 30.37+£ 471
Lactate (mmol/L) 2.08 £0.79 290%1.21 4.27 £1.66

pH 7.35 +0.04 7.33 £0.05 7.30 * 0.04

BE (mmol/L) -1.32+£3.02 -3.74 £ 2.67 -5.10+ 244
Table 5

Statistical validation of inter-cluster differences under moderate hypothermia using Welch’s t-test

Parameter t(lvs2) p(1vs2) t(1vs3) p (1vs3) t(2vs 3) p(2vs3)
IVO, -1.16 0.2528 -5.53 0.0001 -5.06 0.0004
IDO; -6.19 <0.0001 -5.93 0.0001 -2.28 0.0467
SVRI -4.73 0.0001 -0.56 0.5878 3.53 0.0019
KO» -1.04 0.3046 -1.39 0.1874 -0.44 0.6668

including increases in lactate and oxygen extraction, de-
creases in venous gas parameters, and metabolic shifts
in acid-base balance. Since these variables were not in-
cluded in the clustering algorithm, their correspondence
supports the analytical independence and functional in-
formativeness of KO,. Moreover, KO, changes frequently
preceded alterations in metabolic parameters, highlight-
ing its sensitivity to early disturbances in oxygen balance.

At the same time, these results should be interpreted
within the scope of analytical validation. This study did
not aim to assess clinical implementation or diagnostic
accuracy, but rather to verify the mathematical consist-
ency and physiological behaviour of the model. Despite
the limited sample size and uneven cluster distribution,
the findings demonstrate the robustness of KO, and jus-
tify its further development.

From a bioengineering perspective, it is important to
note that all input parameters required for KO, compu-
tation are available within the CPB system in real time,
providing a foundation for its automated integration into
adaptive monitoring systems.

The next logical step involves extending the series of
studies to include analysis of KO, behavior under mild
and deep hypothermia, evaluation of its temperature

dependence, and establishment of reference ranges for

different perfusion strategies. Such an approach would

provide a foundation for integrating KO, into monitoring

systems designed for continuous assessment of oxygen

mass transfer efficiency during cardiopulmonary bypass.
Conclusions

1. The oxygen mass transfer coefficient (KO,), derived
from indexed oxygen consumption (IVO;), oxygen
delivery (IDO;), and systemic vascular resistance
(SVRI), demonstrated the capacity to reflect variations
in oxygen balance under cardiopulmonary bypass
conditions. Its values differed significantly across
stratified perfusion clusters, confirming the construct
validity of the proposed analytical model.

2. The findings indicate a high degree of concordance
between KO, and key metabolic markers - VO, and
lactate. The ability of KO, to respond to shifts in
oxygen balance even under stable macrocirculatory
parameters highlights its potential sensitivity to early
phases of tissue hypoxia.

3. The KO, model is based on parameters that are readily
available for continuous monitoring within the CPB
circuit, which provides a foundation for its integration
into automated bioengineering systems for adaptive
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perfusion control. The simplicity of calculation, and facilities essential for the implementation of this
physiological plausibility, and consistent behavior  study. This work was conducted within the framework of
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Pesiome

OcHoBHa QYHKIis CHCTEMH KPOBOOOITy — l0cTaBKa KHUCHIO. 3abe3MeuyeHHs1 a/leKBaTHOTO KUCHEBOTO 6aJslaHCy
miJ; yac mry4Horo kpooo6iry (1K) 3anuiiaeTbcs BaXXJIMBUM KpUTEpIiEM yIpaBJiHHSA nepdysiero nNpu oneparisx
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MeTaboJiYHUX PO3JaZiB i MOM/IMBUX NepHoNlepallifHUX YCKIaJHeHb. Y po60Ti pO3IJISHYTO MOXJIHMBICTh po3pa-
XyHKY Ta BUKOpUCTaHHS KoedilieHTa MaconepeHocy kucHI0O (KO;) sik 0CHOBHOI XapaKTepHUCTUKU MacoOOMiHHOI
byHkuii MikpoLUPKY/IATOPHOI MeM6paHU. OGI'PYHTOBAHUM TEOPETUYHNN 3B’130K OCHOBHHUX XapaKTEePUCTHUK LITYY-
HOI'0 KpoB006iry 3 yHaMeHTabHUM PiBHAHHAM Pika [103B0JISIE KiNIbKICHO OLLiIHUTY epeKTUBHICTb AUY3iHHOTrO
TPaHCIOPTY KUCHIO Yepe3 MiKpOLMPKYJIATOPHY 0BepxHI0 B yMoBax LK.

MerTa. BrockoHasleHHs OL[iHKM KHCHEBOTO GasiaHcy opraHiamy mizg yac LK nuisixom BBeJjeHHs iHTerpajbHOTO
koedilieHTa MaconepeHocy kucHio (KO,), skuil 06'eHye OCHOBHI KpuTepil aZiekBaTHOCTI nepdysii Ha OCHOBI
piBHsAHHS Dika.

Marepiasim Ta Metoau. I[IpoaHanizoBaHo 129 iHTpaomepauiiHUX CHOCTepeXeHb, OTPHUMAHUX IiJ| Yac
KapzioxipypriuHux BTpy4yaHb i3 BUKopucTaHHAM K. [Tapamerpu ouinku LK BkJtoyaau 3arajJbHONPUHHATI
JUis «anbga-cTaT» cTpaTerii XapakTepUCTUKHU KUCJI0THO-OCHOBHOI'O CTaHy Ta ra30BOro CKJaZy KpOBi Ha OCHOBI
MiKpoMeTOAMKHU AcTpyna i npuHUMNiB 3iraapga-AHzepceHa i3 3aCTOCYBaHHSAM CTaHJAPTHUX ra3oaHaJsi3aTopiB.
JlonaTkoBo BpaxoBaHO ¢i3iosioriyHi 3MiHHI, 10 XapaKTepU3yKTb T'eMOJAMHAMiKy, TeMaToJIOTiYHUH CTaTyc,
aHTPOINOMETPUYHI NapaMeTpH, a TakoXK epeKTHUBHICTb Nepdy3ii Ta MeTabosiyHOrO 6asaHcy. Ha ocHOBI LuxX AaHUX
o6uncieHo KO, - nudysiitHo 06yMoBJIeHUH iH)KeHEPHUHN TOKA3HUK, L0 BiZjoOpakae epeKTUBHICTh OKCUTeHallil B
ymoBax LK.

PesynbraTtu. KoeodinienT Maconepenocy kucHio (KO,) feMOHCTpyBaB MOC/AiJOBHE 3POCTAaHHSA BiANOBiAHO A0
VO, Ta MeTab0JIiYHMX NOKA3HUKIB Yy MexaxX 060X TeMIlepaTypHUX rpym. Y HopMoTepMmii 3HaueHHs KO, cTaTucTuy-
HO JJ0CTOBipHO 3pocTanu Big 0,0059 + 0,0010 g0 0,0071 + 0,0012 kr/c-M? (p = 0,0029), 3 NapajeJbLHUM 3POCTAH-
HaM JsakTaty (Big 1,63 £ 0,59 o 3,52 + 1,74 mMmouib/ 1) Ta ekcrpakuii kucHio O,ER (Big 20,11 + 3,76 % no 28,00
+ 4,50 %). Haiipuuii sHayenns KO, (0,0082 + 0,0013 xr/c-M?) 3adikcoBaHi B ymoBax MakcuManbHoro SVRI (3604
AuH-c-cM~>-M?) ipu diziosnorianomy VO, 1110 CBiYUTH PO KOMNEHCATOPHE MiJiBULleHHA epeKTUBHOCTI Audysil. ¥
noMipHiii rinorepmii KO, feMoHCcTpyBaB aHasoriuHy nporpecito - Big 0,0051 + 0,0009 o 0,0088 + 0,0012 kr/c-m?
BianosigHo f0 VO, - i3 yiTko10 y3romxkeHicTio 3 DOy, aktaToM, pH Ta OER. [lonpu BifgcyTHiCTH cTaTUCTUYHOL
nocroBipHocTi, AuHamika KO, migTBepausa ¢iziosoriyHy 4yT/IuBicTh MoAesi 10 MeTaboJIiYHUX 3MiH HaBiTh y
cTabiyibHUX yMOBax Makponepdysii (6e3 3min MAP Ta PI).

BucHOBKHM. Pe3ysibTaTy NpoBesEHOr0 aHali3y MiATBEPKYIOTh, 110 KoedilieHT Maconepeaadi kucHio (KO,),
chopMoBaHUH Ha OCHOBI 6a30BUX napaMeTpiB nepdysii, Moxxe BUCTYNaTH BaliAHUM AUY3iHHO 06yMOBJIEHUM
iHXKeHepHUM IHAUKATOPOM JiJIfl KiJIbKICHOI OLIiHKM KMCHEeBOro 6aJjlaHCy MiJf 4ac ITYYHOro KpoBoobiry. OTpuMani
JlaHi f03BoJsATh po3magatu KO, sk o6rpyHTOBaHUHN iHCTpyMeHT AJis Bepudikanii nepdysilinoro crartycy 3
NepCcreKTUBO HMOro iHTerpanii B aBTOMaTHM30BaHi CUCTEMH MOHITOPHUHIY Ta NEpCOHAJNi30BaHOI'0 KepyBaHHHA
nepdyaieto.

Kamwwuoei cnoea: cepyeso-nezeHese wyHmyeaHHs, onmumizayis nepgysii, 6asanc docmasku i nompedu KUCHH,
Koegbiyienm maconepedaui, Kpumu4Hi cmaHu, kapoioxipyp2is.
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1Y «HaykoBO-NpakTUYHWUI MEAUYHWIA LLEHTP AMTAYO0I Kapaionorii Ta kapaioxipyprii MO3 YkpaiHu», M. Kuig, YkpaiHa

T1-kapTyBaHHA NpU MarHiTHO-pe30oHaHCHiK ToMorpadii cepus: npuHLUNHK,

MeToam, pedepeHTHi 3Ha4YeHHs HaTuBHOro T1 Miokapaa Ta 06em
NO3aKAITUHHOrO NPOCTOpPY Y 3A40POBUX MALLIEHTIB

Pe3iome

Cy4yacHa KapgioJsioria gefajli akTHBHIlLIe BUKOPUCTOBYE HeiHBa3WBHI MeTOAM Bisyasisdanii A/ KibKicHOI
OLiHKU CcTaHy Miokap/iaabHol TKaHUHU. T1-KapTyBaHHs 3a JOIOMOI0l0 MarHiTHO-pe3oHaHCHOI ToMorpadii
(MPT) nmae 3Mory AeTasbHO aHaJi3yBaTH BJIACTUBOCTI TKAHUH MioKap/a, 30KpeMa BUABAATH AUGY3HUH bi-
6po3 Ta BU3HAYaTU 06'eM no3akJiTUHHOTO npoctopy (ECV). He3Baxkarouu Ha MIMpOKe BOPOBAXKEHHS LbOT'0
MeTOo/AYy, Hapasi 6paKye JaHUX PO HOpMaJibHI pepepeHTHI 3HaYeHHS y 3/I0pOBOi MOMyJIsIil, 0COGIMBO cepes
JiTen.

MeTa. BusHauuTtu pedepeHTHI 3HaueHHs HaTUBHOro T1l-yacy Ta mosakjaiTuHHOro o6'emy (ECV) miokap-
Ja y 3[0pOBUX MNaLli€eHTIB YKpaiHU pi3HOro BiKy 3a gonomorow MPT cepusd 3 BUKOPUCTAHHAM TeXHIiKHU
T1-kapryBanHs. [IpoaHanizyBaTy BiMB ¢isiosioriyHUX YMHHUKIB (BiK, cTaTh) Ha T1-4ac.

Marepia/im Ta MeTOAM. Y JocaimkeHHI npoaHanizoBaHo pe3yabraTd MPT 312 nauienTiB (143 guTHHU Ta
169 popocaux), npoBesieHoi 3 BUKOpUcTaHHAM 1,5-Tecsia MP-Ttomorpada. BumiproBanusa T1-yacy BUKOHYBa-
JIU J10 Ta MicJis BBeJJeHHS KOHTPACTHOI peyoBUHHU 3 po3paxyHkoM ECV. /laHi oniHIOBaiu 3 ypaxyBaHHSM BiKy
Ta CTaTi MaliEHTIB.

Pe3synbraTtu. 3HaueHHs T1-4yacy 36isbinyBasocs 3 BikoM y aiTei (Big 940+20 mcy HeMoBsAT 0 100020 Mcy
miJ1iTKIB) 6€3 ocToBipHOI pi3HUILi MiXk nifuiTkaMmu Ta fopocaumu (p>0,05). Cepenne 3HauenHss ECV miokap-
Jla craHoBuuio 25,021,7 % y gitelt i 24,9+1,5 % y nopocnux. Y aiteil cnocrepiraBes mupumuid posmnoain ECV,
aJie 6e3 BikoBoi 3asexkHOCTi. CTaTeBUX BijMiHHOCTeH y 3HaueHHsX T1-yacy Ta ECV He BusiBneHo (p>0,05).

BucHoBkH. OTpuMaHo BikoBi pedepenTHi 3HayeHHs1 T1 Ta ECV gus 3m0poBoro miokapaa. [Tokasaso, 110

T1-kapTyBaHHS € HAJIIHHUM METO/[OM OI[iHKA TKAHUHHUX 3MiH y Miokapzi. Lli aHi MOy Tb 6y TH BUKOPUCTAHI
SIK OCHOBA /1J151 KJIIHIYHOI'0 3aCTOCYBaHHA y NleJlilaTPUYHIN Ta A0pOCIii nonyasmil.

Kaiouoei caoea: mazHimHo-pe3oHaHcHa momoepadis cepys, T1 mapping, nozakaimuuHuil o6'em (ECV),
MiokapdiaabHull pibpos, namosozis miokapda, pedhepeHmHi 3Ha4eHHsl, nediampuyuHa kapdiosozis, MOLLI.

Bceryn.

CeplieBO-Cy/IMHHI 3aXBOpIOBaHHSI 3aJd-

30KpeMa exokapjiorpadis Ta MarHiTHO-pe3oHaHCHa

LIAIOTbCSA IMPOBIAHOK IPUYHMHOI 3aXBOPIOBAHOCTI Ta
CMepTHOCTI y cBiTi. OjHUM i3 K/IIOYOBHX aCIeKTiB cy4ac-
Hoi Kap/ioJsiorii € MopdodyHKIIOHAIbHA XapaKTePUCTH-
Ka MioKapZia/IbHOI TKaHHHHY, AKa [Aa€ 3MOI'Y BUABJIATHU
CTPYKTYypHi 3MiHH, OB’s13aHi 3 pisHUMHU PopMaMu ypa-
»)KeHHs1 cepus. TpaauuiiiHi MeToau KapaioBisyasisauii,

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

Tomorpadis cepus (MPT) 3 BukopucTaHHSIM BifTepMi-
HOBAHOTO HAaKOMWYeHHs KOHTpacTHOI pedoBuHU (LGE),
BifiirpaloTh BaXKJIMBY POJIb Y [iarHOCTHULI NaTOJIOTIH Mi-
OoKapZa, 30KpeMa JIOKJIbHUX pyOI1eBUX 3MiH. BogHovac
I[i MeTOJUKHY 326€e3MeUyI0Th ePEBAKHO SIKiCHy abo Ha-
MiBKiJIbKICHY OI[iHKY, 1[0 iCTOTHO 06MeXXye ixHI0 iHdop-
MaTHBHICTb NPHU BUSBJEHHI PAaHHBOrO YU JUPY3HOTO
$ibpo3y miokap/a.

OfHMM i3 HaWNepCneKTUBHIIIMX MeTOJiB KiJbKic-
HOI OLIiHKM BJIaCTUBOCTeH Miokapza € T1-kapTyBaHHSA
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(T1 mapping) - cyyacHa TexHosioriss MPT, sika 3a6e3me-
4yye NpsMe BUMIpIOBAHHA 4Yacy peJakcalil TKaHHUH [0
Ta Mic/dg BBeJleHHA KOHTPaCcTHOI pe4yoBUHU. Llelt MeTof,
Jla€ 3MOTY OTPHUMATH KiJIbKiCHI mapaMeTpH, o Bigo6pa-
»KalOTb CTYNiHb MDXKJITHHHOTO PO3pPOCTaHHA KoJiare-
HYy Ta iHIIMX KOMIIOHEHTIB MO3aKJITUHHOTO MaTPHUKCY.
T1-kapTyBaHHSI 3HAYHO PO3IIUPIOE AIarHOCTUYHI MOX-
JINBOCTi HeiHBa3WUBHOI Bi3yaJii3allii, 3a06e3meyy04yu paH-
HE BUSBJIEHHS MATOJIOTIYHUX 3MiH Ta 00’'€KTUBHY OIiH-
Ky mporpecyBaHHs ¢i6po3y. BipoBamkeHHsT MeTOgUKHU
T1-kapTyBaHHSI B KJIiHIYHY NMPAKTUKYy BiKPHBA€E HOBI
MepCIeKTUBHU JJis cTpaTHIKalil pU3UKY, MOHITOPUHTY
epeKTHUBHOCTI Teparii Ta MepcoHaNi30BaHOr0 MiAX0Iy
Jl0 BeJleHHd Mali€eHTIB i3 ceplLieBOCYAMHHUMU 3aXBOPIO-
BaHHSIMHU.

Y 3p0poBOMYy cepli KapZiOMiOLUMTH IIiJIBHO pO3Ta-
noBaHi Ta 3’€JHaHi MiXK co6010, 110 3a6e3Mevye CHHXPO-
Hi30BaHy eJIeKTPUYHY NPOBiAHICTb i cCKOpoyeHHs. Apxi-
TEKTypa CepLeBOro M’si3a BU3HAYAETHCS MepPEXKero Io-
3aKJIiTUHHOTO MaTpuKcy ([IKM) - HeKJITHHHOI CTPyK-
TYPH, IKa BUKOHYE POJIb KapKaca Ta MICTUTb YMCJEeHHI
KJIITUHH, 30KpeMa Kapaiodpiopobsactu (KP) [1].

OCHOBHMM KOMIIOHEHTOM I03aKJITUHHOI'O MaTpPUK-
cy (ITKM) € Kos1areH, npu4oMy 6J1M3bK0 85 % CTaHOBUTH
KoJsiareH tuny | (BiamoBizae 3a MilHicTh), a MPUOGIU3-
Ho 11 % - kosaren tuny Il (BiamoBimae 3a emnacTuy-
Hictb) [1]. [IKM xapakTepu3yeTbCsl BUCOKOIO IIBHU/-
KicTIO 00MiHYy OiNKiB 3aBAsku KapzaiodpiGpobsacTam
(K®) [2]. KapaiodiopobsacTtu cuHTe3y0Th 6iku [1KM,
30KpeMa KoJlareH, TOZi 1K MaTPUKCHI MeTaJonpoTeiHa-
3u (MMII) BigmoBimatoTh 3a Horo Jerpazaliro. AKTUB-
HicTb MMII, y cBOW0 4epry, peryjr€eTbcsd TKAHUHHUMU
inriiTopamu MetasonpoteiHas (IMIIT) [2]. Takum yu-
HoM, [IKM € auHaMiyHOW0 CTPYKTYpOlo, 10 IepebyBaE
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y MOCTiiHOMY Tpolleci cuHTe3y Ta Aerpaganii. ®iopo3
€ XapaKTepHOI0 03HAKOI0 6araTbOX XPOHIYHHUX 3axBO-
proBaHb ceplis, 30KpeMa MeTabosiyHuX. [Ipu Miokapmi-
asibHOMY (Hibpo3i MopymyeThcs 6aJaHC MK CUHTE30M
i merpaganiero komnoHeHtiB [1KM, 1o npusBoAuTh A0
HaaMipHOro Hakomu4yeHHs (ibpo3HOI cmosyyHOI TKa-
HuHHU [1]. KitoyoBuM MexaHiaMoM € akTuBamisg KO i ix
nudepeHnialisg y miopi6bpo6sactu - mpolec, iHimiio-
BaHUH TpaHchopmyoduMm daktopoMm pocty B (TGF-B).
Miodi6po61acTH CEKPETYIOTh BEJIUKY KiJIbKICTb GiJIKiB
[TKM, 30kpeMa KoJiareH, BiZjirpaloyu LeHTpPaJbHY POJib

y mporpecyBaHHi ¢i6po3y [2,3]. 3anexxHo Bij eTiosorii

Ta Mopdosorii ¢i6po3 KaacupiKylTh Ha TPU OCHOBHI

migTUNM [4]: peakTUBHUM iHTepCTUIiaJbHUK (i6po3,

iHQiNbTpaTUBHUYN NepUBACKYJASIpHUN Hibpo3 i 3amilry-

BaJIbHUU pidbpo3 (pucyHokK 1).

« PeakTuBHMU iHTepcTULiaNibHUI (iGpPO3 - Xapak-
TEPU3YETHCA 36iMblIeHUM BigkaazeHHaAM [IKM i
KoJIareHy MiXK iIHTaKTHUMU KapAioMionuTaMu 6e3 ix
MOUIKO/KEHHSA. 3a3BUYall BUHUKAE NPU XPOHIYHOMY
nepeBaHTaKeHHI THUCKOM (HampHUKJaZ, TiepToHii),
3anajieHHi abo cTapiHHi, TOMUPEHUH 10 BCbOMY Mi-
OoKapAy.

« IlepuBackynsipHuii ¢pi6po3 — NposBIASETbCI HAKO-
NMUYEeHHAM KoJlaTeHy HaBKOJI0O KOPOHApHUX apTepiH,
HaWyacTillle y XBOPUX Ha apTepiasibHy rinepTeHsilo.

« 3amimyBasibHUNA PiGpPO3 — BUHUKAE Mic/as 3arubeJi
Kap/ZlioMiOLIMTIB, HAIPUKJIa[, BHACJIIJOK TOCTPOrO iIe-
MIYHOT0 VIIKO/DKEHHS, IK-0T iHapKTy Miokapaa (IM).
Y nauieHTiB i3 cepieBo HEAOCTATHICTIO, 0COBJHUBO

MOXUJIOTO BiKy a60 3 HasBHUMHU PaKTOpaMU PU3HUKY (Ti-

MepTOHis, IyKpoBUM niabet, IM), maToreHeTH4YHi Tpure-

pY peMoiesTIoBaHHs MioKapaa fo6pe Bigomi. Hampukiag,

XpOHiUHe NepeBaHTAXKEHHS THUCKOM (rimepTeH3is, KJa-

PucyHok 1. Y 300posomy cepui (A) no3akaimuHHUlG Mampukc opmye mpusuMIpHy CimKY 3 KOJIG2eHOBUX 80/10KOH,
wo omoyye kapdiomioyumu, kaninspu ma gibpobaacmu. Jugy3sHuli miokapdiansHull ¢ibpo3 (B) — HaOMipHe HakonuyeHHs
@ibpo3HOI CNOMYYHOI MKAHUHU, CNOCMepieaemsCs y NAUIEHMI8 i3 cepuesorn HedoCmamHicmio
3 peakmugHUM iHmepcmuyianbHUM @ibpo3om.

Ipumimka. MaJIlOHOK BJIaCHOPYY 3p06JIeHUH aBTOPOM CTaTTi.
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naHHi Baau) aktuBye TGF-f3 i 3anmyckae po3BUTOK iHTep-
cTuniasibHOro $iopo3y [5]. [HpapKT Miokapaa, HaBIAKY,
XapaKTepU3y€ETbCS MAaCMBHOIO BTPATOI KJITHH, 110 IO-
Tpebye penapaTUBHOTO 3aMilllyBaJbHOTO Gibpo3y [5].

[logo kapgioMionatiidi, TO 1i MexaHi3MM BHUBYEHi
HenocTtaTHbO. /Iy rimepTpodiyHoi kapgiomionarii xa-
paKTepHe Je30praHizoBaHe PO3POCTaHHA KJITHH Y Ti-
nepTpodoBaHUX [JITHKAX Ta PO3BUTOK IJISIMHCTOTO
3aMimyBasbHOTO Gi6p0o3y [6]. [Ipu AunaTaniiHik Kapai-
oMionaTil po3MKpeHHs IIJIYyHOYKIB NPU3BOAUTH IO Ma-
pakpuHHOi akTuBanii KO i crumynsanii npodpibpoTuyHux
HEWpPOropMOHaJbHUX MeXaHi3MiB, 30KpeMa peHiH-aHTi-
OTEH3UH-aJIbJJOCTEPOHOBOI CUCTEMH, L0 CIIPUSE PO3BU-
TKy iHTepcTULiabHOTO Piopo3y [7]. Y paai iHmux popm
KapziiomionaTtili MexaHi3MH PO3BUTKY ¢i6po3y 3auIa-
I0ThCSl HEZJOCTAaTHBO 3’ ICOBAaHUMH.

OCKiJIbKM Kap/liOMiOLIMTH MalTb OOMEXEeHy 3/aT-
HICTb Z10 pereHepallii, iX 3aru6esib He KOMIIEHCYEThCS
YTBOPEHHSM HOBUX KJIITHH, TOMYy MioKap/Zia/bHa TKaHU-
Ha 3aMilyeTbcst piGPo3HOI0 (PUCYHOK 2). TAKUM YHHOM,
¢ibpo3 € pemapaTHBHOW BiAmoBiAAI0, 10 TiATPUMYE
CTPYKTYPHY LIJIICHICTDb ceplisl Ta 3amo6irae, HaMpUKJIaI,
Horo po3puBy. BogHovac HasiBHICTb $i6p03y acOLiIETH-
sl 3 HECIPUSTJIMBUMU KJIIHIYHUMU Hacaiakamu [1].

Haamipuuii ¢pi6po3 po6UTH MioKapa JKOPCTKUM, 3HH-
KY€ WOr0o eJIaCTUYHICTh, 110 COPUYUHSE AiacTOJIiYHY
aucoyHkiito [8]. Kpim Toro, iHTepcTUnianbHuil ¢pidopos
NPU3BOAUTHL [0 PO3BUTKY apUTMIiH, 3yMOBJIEHUX IIO-
pYLIEHHAM eJIeKTPUYHOI NMPOBiJHOCTI Ta CTBOPEHHAM
YMOB J1JIsl peeHTpi-I[UKJIiB [9].

30J10TUM CTaHAAPTOM JOCJiP)KeHHSI MioKap/iaJbHO-
ro ¢ibpo3y € ricTosorivHUN aHaMi3 eHJO0KapAiaJbHUX
6ionciii (EB). Ockinbku OTpUMaHHS TKaHUHHUX 3pa3-
KiB moTpe6ye iHBa3MBHOI NpPOLEyPH, a EKCTPAaroBaHUH
MaTepias € 06MeXeHO JOCTYITHUM /JI1 HAyKOBUX J0CJIi-
JPKeHb, TiCTOJIOTIUHI AaHi 3a/IMIIaI0ThCSA BKpal o6Mexe-
HuMu. EB npu kaTeTepwu3arii cepisl 3a3Bu4yail MpoBO-
JATh 3 MDKIITYHOYKOBOI Ieperopo/iku 3 60Ky MpaBoro
mtyHouka (I111), ToMy oTprMaHHS pernpe3eHTaTUBHUX
6ionTaTiB YaCcTO CYyNPOBOKYETHCS MOXUOKAMU BUGIPKH.
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[HIMMU cnoBaMu, BifcyTHicTh $iGpo3y B GiomraTi He
Jla€ MificTaB OCTEMEHHO BUKJ/I0YAaTH HOr0 HAsABHICTb B
iHmuxX pisisiHKax cepus [4].

HaToMmicThp OCTaHHIMM pOKaMM aKTHBHO pPO3BHUBa-
I0TbCA HeiHBa3MBHI MeTOAU [JOCJi/PKEHHS Cepl,eBOTo
$ibpo3y in vivo, HaWyacTime 3 BUKOPHUCTAHHSIM Mar-
HiTHO-pe3oHaHCHOI ToMorpadii (MPT) cepus. OgHuM
i3 NpUKJIaZliB € METO/, BIITEPMiHOBAaHOTO HAKONTMYEHHH
koHTpacTHOI peyoBuHU (LGE) 3 BHYTpiIHBOBEHHUM
BBeJIeHHSIM rafoJidito [10].

laponiniét ([n) — XiMiYHUE eJleMeHT, SKUH CTBOPIOE
BUJIUMHUHN KoHTpacT Juisi MPT. IH'eKk1iss 60/t0CcHOI /103U
['m, 3B’13aHOT0 3 MOJIEKYJIOK-HOCIEM, 1110 € BiTHOCHO Be-
JINKOIO 1 He 3/JaTHA NMPOHUKATH KPi3b KJITHHHY MeMO6-
paHy, IpU3BOAUTD /0 MBHUKOI [Udy3il KOHTpACTY 3 Cy-
JIUH Y TKAHUHHU, 30KpeMa B Miokap/,. Y 3J0pOBOMy cepLi
KOHTPACT He MOXXe NOTPanUTU BCepeJUHYy HEeMOLIKO-
JKeHUX Kap/ZioMiOLIMTIB, TOMY PO3MNOJIIAETbCA JULIE Y
M03aKJITUHHOMY npocTtopi. [lacuBHO HakonuyeHUM [f
MOBIJIbHO AUGYHAYE 3 TKAHUHU Ta BUBOJAUTHCA Yepe3
HUPKHU. [Ipy mOIMKOMKeHHI KITITUH a60 pO3BUTKY Qiopo-
3y 06CAT NO3aKJIITHHHOTO MPOCTOPY 361bLIYETHCH, BijI-
MOBIZHO 3pOCTAE 1 KIJIbKICTh HaKONU4YeHoro [, 1m0 Biz0-
Opaka€eTbcs Ha 306pakeHHAX MPT cepus [10].

HopmanbHu#l Miokaph Bi3yasi3yeTbcsd SIK «TeMHa»
JliJITHKa 6e3 HaKOMMYeHHs KOHTPACTY, TOAL SK MOIIKO-
JDKEHUN — SIK «sICKpaBa» 30Ha (pucyHok 3). O6csar LGE
MO>KHa KiJIbKiCHO OLIiIHUTH, i KOTO TOYHICTb y Bidyasisa-
1ii JJokasbHOTO PidPO3y MioKapAa TiCHO KOPEJIIOE 3 Tic-
TOJIOTIYHO HiATBepXKeHUM ¢i6po3om [11].

OcHoBHUM HezosikoM LGE € ob6MexxeHa po3[iiibHa
3JIaTHICTb Y BUsIBJIeHHI AU dy3HOro MiokapaiaabHOTO di-
6po3y. lleit MeTon Ma€ XapaKTep «Bce abo HiYOro» — BiH
Jy»Ke 4yTJIUBUH 10 JIOKAJbHOTO HAaKONMHWYEeHHS KOHTp-
acTy, HallpUKJaJl y 30Hi iHapKTy Miokapaa (py6us), i
TOMY ePEeKTHBHO BUSIBJISIE 3aMilllyBaJbHUU $i6po3, ase
He [a€ 3MOTH TOYHO OIIHHUTH AUQPY3HUU iHTEpCTHUIi-
anbHuH ¢i6po3 [10]. [llo6 momosaTH 11i 06MeXeHHs, 6y-
JI po3po6sieHi HOBI MeToauku MPT 3 BUKOpUCTaHHSIM
T1-kapTyBaHHS.

PucyHok 2. Tunu MiokapdianeHo2o ¢ibpo3y; A — peakmugHuli iHmepcmuuyiansHuli ¢pibpo3, 380pomHili npu N1iKy8aHHi.
B - iHgpinompamusHuli ibpo3, npoepecytode iHmepcmuuianeHe 8i0KNIA0EHHS HEPO3YUHHUX BIIKi8 Yu 2a1iKocpiH2oninidis.
C - 3amicHuli @ibpo3/pybeus, Hekpo3 Kapdiomioyumie ma 3amiuieHHs Qibpo3omM moxe bymu nicas iHpapkmy miokapda.

Tpumimka. MaIloHOK BJIaCHOPYY 3p06JIeHU aBTOPOM CTaTTi.
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T1-kapTyBaHHA - 1le HeiHBasuBHa MeToauka MPT
cepld, gKa KiJIbKICHO BU3HA4a€ MO30BXHIl yac peJak-
canii (T1) miokapaiaabHOI TKAHUHH Ha PiBHI KOXXHOTO
MikKceJsifl, CTBOPIOIOYHY NapaMeTpU4Hi KapTu. Ha BiaMiHy
Biz LGE, sike moTpebye BBeIeHHSI KOHTPACTHUX areHTiB
JIs BizyaJtizanii BoruuieBoro ¢piopo3y, T1-kapTyBaHHS
JI03BOJISIE OLIIHUTH $IK BOTHUIIEBUH, Tak i Audy3HUN
MioKap/iasibHUH $i6po3, M0 PoOGUTH HOTO BaKJIUBUM
iHCTpYMEHTOM [/ PaHHbOTO BHSIBJEHHS XBOpPOO Ta
cTtpatudikanii pusukiB. 3HauyeHHs 4acy pesakcarii T1
3MIHIOETBCS 3aJI€XKHO Bifj CTaHy MOJIEKYJIIPHOTO cepeji-
oBMIa. TKaHWHU 3a3BHYall MICTATH BOAY, ajle NaToJIO-
riyHi mpouecH, BK/IOYarO4u ¢i6po3, 3MiHIOWTb CKJIa[
BO/IY, i TAKMM YMHOM 3MiHIOIOTh 3HayeHHs T1. Y pasi mi-
okapziasbHOro ¢i6po3y crocTepiraeTbcs 306iabIIeHHS
yacy pesakcanii HatupHoro T1 [12]. TakuM yuHOM, IS
BUsIBJIEHHS IATOJIOTiYHUX 3MiH B MioKap/i, 000B I3KOBO
NoTpi6HO BU3HAYMTH Noka3HUKHU T1 yacy Jiig 3710poBo-
ro mMiokapay B koxkHoMy MPT amapaTi okpeMo npu 06-
CTeXeHHI cepld.

T1-kapTyBaHHA MOXHa NPOBOAUTHU J0- Ta HiCaA
BBeJIeHHS KOHTPAaCTHUX PeYOBHUH Ha OCHOBI rafjoJiiHiio.
HatuBHe T1-kapTyBaHHSI BUMipIO€E BHYTPIlLIHIK Yac pe-
sakcanii T1-miokapaa 6e3 BUKOPUCTaHHS KOHTPACTY, i €
0COOGJTMBO LIIHHUM /1J151 BUSIBJIEHHS MiOKap/liaJIbHOTO Ha-
OpsKy, ¢i6po3y Ta indinbTparnii. [y po3yMiHHs mporie-
ciB, IKi BiiOyBalOTHCSA B CepIleBOMY M’si3i, HeJJOCTaTHHO
[IPOCTO OLIIHUTHU OKPeMi KJIITUHU — BAXKJ/IMBO 3HATH, AK
3MIHIOETBCS MO3aKJITUHHUU mpocTip. KoedimieHT pos-
MOAIy KOHTPACcTHOI pPe4YOBHHHU [JlONIOMAara€ BUMIpATH
006’eM mo3aksiTuHHOro npocropy (ECV), mo gae 3mory
oliHUTH PibPo3 Ta iHIIi 3MiHM y TKaHWHaX ceplist. 06'eM
M03aKJIiTUHHOIO NMPOCTOPY BUMIPIOETHCA LIJIAXOM aHa-
aizy T1 yacy fio i micsisg BBeJleHHS rafioJiHilo, KopeJo-
1044 3 piBHEM reMaToKpuTy. llel MoKa3HUK € HaJ3BU-
YalHO KOPHCHUM JJs1 OLiHKU Audy3HOoro ¢ibpo3y abo
iHQiMbTPaTUBHUX 3aXBOpIOBaHb [13,14].
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Pi3Hi cepueBo-CyqWHHI 3aXBOPIOBaHHS, TaKi AK Kap-
JioMiomnaTii, MioKapIUTH Ta aMiJioif103, MOB’sI3aHi 3i 3Mi-
HaMU B CKJIaJli MioKap/ia, BK/Io49aouu ¢piopos, HabpsK Ta
indinbrpaniro. T1-kapTyBaHHs 3a6e3me4yye 06'€EKTUBHE
Ta BiITBOpIOBaHEe BUMIipIOBAaHHA IUX TKAaHUHHUX 3MiH,
0 MiJABUILYE [iarHOCTUYHY TOYHICTb i JomoMarae B
yXBaJIeHHI KJiHIYHUX pillleHb.

HalinmomupeHiliuMu  MeToAaMU
€ [15,16]:

MOLLI (Modified Look-Locker Inversion Recovery) -
BHCOKOTOYHHU MeToJ, 4yTIMBUM A0 3MiH T1, ane 3a-
JIeXKHUU Bifi ceplieBOro puTMy.

ShMOLLI (Shortened MOLLI) - mBugIIH A, MEeHII 3aJ1€XK-
Hui Big YCC, ase 3 MEHIIIOI0 TOYHICTIO.

SASHA (Saturation Recovery Single-Shot Acquisition) -
MeHIIlle 3aJIeXKUTh Bi Bapianiti YCC, 3ab6e3neyye ToY-
Himi T1-3HavyeHHs, ajie TOTPe6YE OIMBIIOTO Yacy CKa-
HyBaHHS.

MeTta. BusHauuTu pedepeHTHI 3HAYeHHST HATHUB-
Horo T1 yacy Ta mo3aksiTuHHOro o6’emy (ECV) mio-
KapJa y 3J0pOBUX NALi€EHTIB YKpalHU pi3HOro BiKy 3a
ponomororo MPT cepus 3 BHUKOPUCTAaHHAAM TEXHIKH
T1-kaptyBaHHs. [IpoaHasisyBaTH BIIUB disiosoriyHux
dakTopiB (BiK, craTh) Ha T1 yac. CTaTTs TaKoK 06roBO-
pIO€ TeXHIYHI acnekTU BUKOHaHHA T1 mapping Ta iioro
KJIIHIYHY 3Ha4yIiCTh.

Marepiasiu Ta MmeToau. Y nepiof 3 2022 no 2024 po-
KU BKJIIOYHO Ha 6asi BifJijieHHS MpoMeHeBOi JliarHOC-
Tukn /1Y «HaykoBo-mpakKTUYHUA MeAUYHUH LeHTp
AuTa4oi Kapaiosorii Ta kapgmioxipyprii» MO3 Ykpainu
MeTonoM MPT cepus o6crerxxeHo 312 malieHTIB AJis
OLIIHKM CTaHy MioKapja. YciM maiieHTaM nonepesHbo
BHUKOHaHa exokapgiorpadis (ExoKT). lle mpocnekTuBHE
KOTOPTHE JIOCJ/Ii/PKEHHS, CIIPSIMOBAHe Ha OIiHKY pede-
peHTHUX 3HaueHb T1- mapping y HopMaJbHOMY MioKap-
Ji popocaux Ta Aitei. JocaimkeHHs BUKOHYBaJsocs Ha
MarHiTHO-pe30HaHCHOMY ToMorpadi 3 iHayKIiero Mmar-

T1-kapTyBaHHA

PucyHok 3. MPT cepusi - 8idmepMiHO8aHE HAKONUYEHHS] KOHMPACMHOI pe4os8uHu, A — 080KaMepHa
npoekyis, B — npoekyis kopomkoi oci. HopmansHuli Miokapd 8i3yanizyemocs sk «memHa» 0ingHka 6e3 [0,
a nowkodweHuli Miokap0 — 30Ha iHGapkmy (pybeus) 8ueisdace sk «ckpasa» 0ifIHKAa Hakonu4yeHHs [0.
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HiTHOTrO moss 1,5 Tecsa (magnetom avanto fit, Siemens
Healthineers, Erlangen, Germany).

MPT o6cTexxeHHs1 ceplisd mpoBeZieHo 312 mamieHTiB
(143 gutuHu Tal69 mopocaux) 3 Mi03POI0 Ha MaToJIOo-
rito Miokapga nicsis npoBegeHHs ExoKI, a Takox 370po-
BUX 106poBoJbLiB. KpuTepii BK/IIOYEHHS: BiCYyTHICTh
BiIOMHUX [JaHUX NPO CeplLieBO-CYAUHHUX 3aXBOPIOBaHb,
36epexxeHa ¢pakiiiss BAKUAY JiBOTO IIJIyHO4YKa (>55 %),
BiZICYTHICTb BpO/P)KEHUX aHOMaJliil ceplsl Ta XPOHIYHUX
CUCTEMHUX 3axBOPIOBaHb, BIiJICYTHICTb 3HA4YHUX ap-
TedakTiB 300pakeHHs], 1[0 IMepPelIKOo/KAlTh aHaJsi3y.
Bik marieHTiB BapitoBaB Big 1 Micsans go 75 pokis. [li-
TH (143 nauieHTa) O6y/iM po3mojijiieHi Ha 4 Trpynu: rpy-
na 0-1 pik (15 manieHTiB, cepeaHin Bik = 9,56 micans),
rpymna 2-6 pokiB (27 malieHTiB, cepeJiHil BiK * 4 POKH
10 micsaniB), rpyna 7-12 pokiB (34 maiieHTH, cepeaHin
Bik = 9 pokiB 10 wmicaniB), rpyna 12-18 pokiB (67 na-
I[ieHTiB, cepeiHil Bik = 14 pokiB 8 MicauiB). CepeaHiii
Bik 169 mopocaux manieHTiB ckjaaB 41,96+14,59 pokiB
(67 »xiHok Ta 102 yosioBikiB). [lanienTH (260 ixHi 6aTHKHU
JIJISI HETTOBHOJIITHIX) mianycanu iHpopMoBaHy 3roAy Ha
y4acTb y HayKOBOMY JIOCJTi/PKeHH], fKa Oysia cxBaJieHa
6i0eTUYHHUM KOMITETOM I[€HTpY.

Bcim nanientaM BukoHano MPT cepud 3 esekTpokap-
nmiorpadiuHoto cuHxpoHisaniero (EKI-cunxponizamieio)
Ta 3 3aTPUMKOIO JUXaHHA Y OPOC/IMX MalliEHTIB.

[IpoToKOaT 06GCTeXKeHHSI BKJIOYaB: 1) 300pakeHHS
IPyAHOI MOPOXKHUHU 3 TocaizoBHOCTsAMH trufi Ta haste
IJIsT OI[iHKM aHaToMii Ta MopdoJiorii cepis Ta CyauH;
2) 300paKeHHs CePIS B KIHOPEXUMI y TPHOX IJIOIIMHAX
nIoBroi oci; 3) 306pakeHHs ceplis B KIHOPEXHUMi M0 KO-
POTKiH 0Ci, 1110 OXOMJIIIOTh JiBUH miyHo4dok (JIII) Bif
OCHOBH /10 BepxiBKU (TOBIIMHA 3pi3y: 8 MM; MpPOMiX-
oK: 25 %; Jac moBTOpeHHs: 42 Mc; Yac Biaryky: 1,12 Mmc;
po3ainbHa 3AaTHICTh: 1,9%1,9%x8,0 MM; po3Mip MaTpulii:
192x256; kinbKicTh iHBepciiiHUX ToYok: 11 i moJsie 30-
py: 360 mwM; pexxum EKI-cunxponizanii: kapzio-Tpu-
repu) JJs BU3HAYeHHS QYHKLiOHAJbHUX MOKAa3HHUKIB
NIYHOYKIB; 4) T2 3 NpUTHiYeHHSIM CUTHa/y BiJ KUPY
(fs), yoTupwu 3pi3u MO0 KOPOTKIiH oci: B 6a3aNbHUX Biami-
sax JIlI, B cepeauni Ta Ha BepxiBni; 5) T1-kapTyBaHHSA
HaTUBHE, /10 BBeJIeHHs KOHTPACTy (YOTHpHU 3pi3u mo
KOpOTKi#l oci aHasoriyHoT2 fs), 3a gJomomorow mocJi-
noBHOCTi Siemens MyoMaps MOLLI, 3 JoBIIMMH 3HAY€EH-
HaMu T1 B cucroay. [lapameTpu 306pakeHHs: TOBIIMHA
3pi3y 8 MM, mpomixkok 150 %, kyT Haxway 35° yac in-
Bepcii 183 mc, mosie 3opy (FOV) 360 MM, BizcoTok dpaszo-
Boro FOV 94,4 %, gac exo (TE) 1,13 Mc, yac mOBTOpeHHS
(TR) 290,88 mc, po3ginbHa 3aaTHiCTE 1,4%1,4%8,0 MM;
6) BBelieHHS KOHTpacTty Ta mnepdysida Miokapay
(0,1 mMosb/KT, TaionleHTeTaTAUMerTIOMiHY, Magnevist,
Bayer Healthcare); 7) paHHE HaKONUYeHHS KOHTPACTY;
8) BinTepMiHOBaHe HAKONTUYEHHSI KOHTPACTHOI peyoBH-
HU 4depe3 10-15 XBUJIMH Mic/sl BBeJIeHHSI KOHTPACTHOI
PEYOBUHHU 3a JONOMOTOI0 I'paiiEHTHOI HIBUJKOCEKYH/I-
HOI 3MOMKH 3 TeXHiK0I0 (a304yT/IMBOr0 iHBEPCIHHOIO
BiHOBJIeHHS1. LGE BUKOHYETBHCA B YOTHPUKAMeEPHIN Ta
JBOKaMepHil IJIOMMHI, a TAKOX y cepii 3pi3iB (1o 12) mo

KopoTki# oci JIII ToBmuHOW 6 MM; 9) T1-KapTyBaHHS
MicJIs KOHTPACTY, 3 KOPOTKUM 3HauYeHHAM T1 y cucTtouy,
aas1 po3paxyHky ECV. [lapameTpu: ToBuiMHa 3pi3y - 8
MM, npoMixkok - 150 %, kyT Haxuuy - 35°, yac iHBepcii -

263 Mmc, yac exo (TE) - 1,13 mc, yac noBTopeHHns (TR) -

370,88 mc.

T1 3HaueHHs BHUMIpIOBaJMU Yy CepelHiX CerMeHTax
MDKIIJIYHOUKOBOI MEperopojKy Ta JiaTepasbHil CTiH-
Ili, 1K Y HATUBHUX 300pa’KeHHsX, TaK i Mic/isi BBeJeHHS
koHTpacTy. OTpuMaHi pe3ysbTaTH 06POBJIAIUCA 3 BU-
KOpPHUCTAHHSM Creljia/li30BaHOro NMpOrpaMHOro 3abes-
NevyeHHs AJis cerMeHTanil Ta aHauizy T1l-kapTyBaHHS.
[TapameTpu T1 nopiBHIOBa/IM MiXK BIKOBUMH I'PyNaMHu Ta
aHaJTi3yBasTH iX BapiabesIbHICTh.

CTaTMCTUYHUHA aHAJII3:

o JlaHi npejcTaBJ/ieHi y BUT/IA/ZI CepeAHbOr0 3HAa4EeHHA
+ cTaHgapTHe BigxuneHHs (MzSD).

o /Jliid olliHKM BiAMIHHOCTEN MiX IpynaMu BUKOPHUCTO-
BYBaJIH t-TeCT /151 He3a/IeXKHUX BUGIPOK Ta Auciep-
ciiHui anasiz (ANOVA).

o 3B’s30k T1 4yacy 3 BiKOM, CTaTTIO Ta iHIIUMH TapaMe-
TpaMH OI[iHIOBaJIM 3a JIONTOMOT010 KoedilieHTa Kope-
asauil [lipcona.

o CTaTHUCTUYHO 3HAYMMHM BBaKaBcs piBeHb p<0,05.
Pe3ysbTaTH Ta 06GroBopeHHs. KiHueBuH aHasi3

BKJIO4YaB 1248 306pakeHb HaTuBHOro T1 kKapTyBaH-
HA ceplisd (pUCYHOK 4) cepen 312 y4acCHUKIB: KOXKHOMY
MaliEHTY BUKOHAHO 4 3pi3a, BiJj OCHOBU A0 BEpPXiBKU
JII. KinbkicHo BM3Hayu/aW 3HadyeHHA T1 yacy B Mix-
IIJIYHOYKOBIM meperopoAii Ta B JaTepajbHiM CTiHLi
(cepenne 3HaueHHs -ROI). AHaJi3 pe3y/bTaTiB BUKOHA-
HO Ha po604il cTaHIil Syngo.via 3 BUKOPUCTAHHSM IpO-
rpamMHoro 3a6e3mnedyeHHss MR Cardiac Analysis (Siemens
Healthineers, Erlangen, Germany).

PucyHok 4. T1-kapmysaHHs - 4 3pi3u, sSiki oxonaworme aiguli
WIIYHOYOK 8i0 0CHOBU 00 8epXisKu
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BciMm manieHTamM Oy/aM TpopaxoBaHi QYHKIA Ta
00’eMHU IIJIYHOYKIB, QpaKIisi BUKUAY CTaHOBHUJIA >55 %,
iHJleKcOBaHUH KiHI|eBO-AiacTo/MIYHUM 06'€M J1iBOro
IIJIYHOYKA Ta iHJEeKCOBaHi KiHIeBO-CHCTOJIIYHI 00'€MHU
JIIBOTO i IpaBOro LIJIYHOYKIB — y Mexax HopMHu. [Ipu BBe-
JleHHI KOHTpAcTHOI pe4yoBUHU nepdy3is Miokapza He Oy-
Jla mopyuieHa. ¥ »K0JJHOTO0 MaljieHTa NaToJIOTiYHUX 3MiH
Ta HAaKOMMYEeHHSI KOHTPACTY Y BiATepMiHOBaHy ¢a3y He
BUSIBJIEHO.

AHani3 mokasaB noctymnose 36ibiieHHs T1 vacy 3 Bi-
KoM (pucyHok 5): rpyna 0-1 pik: cepeZiHe 3Ha4eHHS CTa-
HOBUJIO 6J1M3bKO 944,5 Mc, Megiana — 940 mc, po3noaina
OyB BiHOCHO MIiJIBHUM 3i CTaHJAPTHUM BiAXWJIEHHAM
+19,6 mc.

['pyna 2-6 pokiB: cepegHe 3HayeHHsa T1 wyacy
963,2 mc, MeziiaHa - 960 Mc, cTaHapTHEe BiJXUJIEHHS
+20 Mc.

PucyHok 5. 3HayerHs T1-kapmyeaHHS 8 MiMWIYHOYKOB8IL
nepezopooui:y oumuHu 10 micauig (T1=940 mc) - A, 8 micsuis
(T1=942 mc) - B, 6 pokis (T1=960 mc) - C, 9 pokis
(T1=965 mc) - D, 11 pokis (T1=985 mc) - E ma 15 pokis
(T1=1000 mc) - F

1040
1020
1000

980

960 _I_
L

T1l-4ac, Mc

940

920

[pyna 7-12 pokiB: cepeaHe 979,2 mc, MejiaHa -
980 Mmc, ctaHAapTHe BiaxuyieHHs *20 Mc, 1[0 CBiJYUTH
PO CYTTEBE 306i/IbIIEHHS TOPIBHSIHO 3 MOJIOIIUMHU T'PY-
aMHu.

I'pyna 12-18 pokiB: cepenHe 998,4 mc, MejiaHa -
1000 Mc, 3 HaWBHUIIOIO BapiabGesbHICTIO cepel] IUTIINX
TPYyII, CTaHJapTHe BiaxuieHHs +20 Mc (pUCYHOK 6).

PesynbraT ANOVA aHanizy mokasasud HasiBHICTb
CTaTUCTUYHO 3HAYMMHUX BiAMIHHOCTEN MiX yciMa rpy-
namu (p<0,001), uro 6ys10 migTBepmKeHo TecToM Tukey
HSD (Ta6auig 1).

Tect Tukey HSD moka3ye, mo T1 y rpymi 12-18 pokis
JIOCTOBIpHO BHUIIWH, HiX y Bcix iHmux (p<0,001). Haii-
MeHIlla Pi3HULA — MiXK rpynaMu 2-6 pokiB i 7-12 pokiB.:
+19,3 Mc, ajie TaKO» CTaTUCTUYHO 3HaYuMa. Haibinbia
pisHuns — Mmixk 0-1 pik i 12-18 pokiB: maiike +59 Mc. Yci
p-3HadeHHsa <0,001 - e gocTeMeHHe MiATBEPAKEHHS
JIOCTOBIpHOCTI po36i>kHOCTEH (PUCYHOK 7).

Yac T1y 169 gopocaux nauieHTiB: cepeiHE 3HAYEHHS
cranosusio 1000,2 mc, meaiana - 1000 mc, MmiHiMa/IbHE
3HayeHHd - 980 Mc, MakcuMaJsibHe 3HadyeHHa — 1020 mc,
cTaHjapTHe BiaxuyeHHs - 20 Mc (pucyHok 8). Jlopoc-
JIi mali€eHTH TaKOX OY/IM pO3MOJiJeHi Ha IBi rpymnu: A0
50 pokiB (114 nmarnienTiB) Ta cTapii 3a 50 pokiB (55 ma-
I[i€EHTIB).

CTaTUCTUYHUI aHaAJi3 MoKa3asg, 1o cepeaHii T1 ya-
cy B rpymi <50 pokiB cksiazas 1003,1+19,9 mc, a B rpymi
>50 pokiB - cepenniit T1 = 1000,5£19,6 mMc (pucyHOK 9).
Anaunis kopensuii I[lipcona mixk BikoM Ta T1 yacy cepef,
JIOPOCIUX He BUSIBHUB 3HAYMMOro 3B’s13Ky (r = -0,053,
p =0,501). He3asexxHUM t-TeCT MiATBEPAUB BiZICYTHICTH
CTAaTUCTHUYHOI pi3HULi MiX cepeHIMU 3HaYeHHAMHU T1
yacy y BikoBux rpynax <50 pokiB Ta 250 pokiB (t = 1,15,
p = 0,253) (pucyHok 10).

t-TecT AJ19 NOpPiBHAHHSA YOJIOBIKIB Ta »KIHOK Ha Ha-
siBHicTB BigmiHHOCcTeH y T1 waci (t = -0,19, p = 0,848):

900

0-1 pix 2-6 poKis

7-12 pokis 12-18 pokis

BikoBa rpyna

PucyHok 6. [pagpix po3nodiny T1 4acy 3a sikogumu epynamu, Boxplot 0emoHcmpye mediary T1 y KoxHili 2pyni
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Tabnuus 1
Pesynsmamu mecmy Tukey HSD nidmeepoxcyromes cmamucmuyHo 3Ha4yuMi 8iOMIHHOCMI MiX yCiMa napamu 8ikosux 2pyn.

HuxHa mexa BerHﬂ MeXa € cratnucTny-

PisHuusa P-3HauyeHHs AoBipuyoro AOBipyoro HO 3Hauywa
lpyna 1 lpyna 2 cepenHix (ckopuroBaHe) iHTepBany iHTepsany pisHMUSA
1 0-1 pik 12-18 pokiB 58,9949 0,0 50,0952 67,8946 TaK
2 0-1 pik 2-6 pokiB 20,2179 0,0 10,1442 30,2917 Tak
3 0-1 pik 7-12 pokiB 38,5333 0,0 29,7083 49,3583 Tak
4 12-18 pokis pokiB -38,7769 0,0 -45,9865 -31,5673 Tak
5 12-18 pokis 7-12 pokiB -19,4615 0,0 -26,3192 -12,6039 Tak
6 2-6 pokiB 7-12 pokis 19,3154 0,0 10,9905 27,6403 Tak

Noeip4i iHTepeanu ansa pisHuui cepeaHix (Tukey HSD)

7-12 pokis —_—
2-6 pokie —_——
12-18 pokie —_—
0-1 pik —_—
93IG 9;1-0 QSIO 960 9?:'0 Qé-() QQIO IOIOU

PizHuuA cepepHix 3Ha4veHs T1

PucyHok 7. [pagik dosipuux iHmepsanie 0ns pizHuui cepedrix (Tukey HSD). [pagpik nokasye, wio
KOXHA Moyka — ue pi3Huus cepedHix 3HadeHo T1 mixc 0soma epynamu. [opuzoHmansHi niHii — dosipyi
iHmepeanu (95 %) 0n4 uiei pi3HUYi. kW0 iHMepean He nepemuHae 8epmuKansHy it x=0, ye 03Hayae
CMAamuCmMuY4HO 3HAYUMY PI3HUUI MK YUMU 2pynamu. Sk 6a4umo, xo0eH iHmepsean He NepemuHac HyJb,
mo6mo 8ci 8ikosi epynu cmamucmu4Ho 00CMOBIPHO 8iOPIi3HAMbCS 00HA 8i0 00HOI 3a T1 Yacom.

40t ey
35
30t
251

20¢

KinbKicTe nauieHTie

15
10F

| B Pl T

980 990 1000 1010 1020
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v

PucyHok 8. [icmoepama po3nodiny T1 uacy (Mc) ceped dopocaux
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PucyHok 9. BiomepmiHogaHe Hakonu4yeHHs KoHmpacmy ma T1-kapmysaHHs y 00pocio20 nauieHma

MopisHAHHA T1-4acy MiX BIKOBUMW rpynamm

10201

1010

1000

T1 {Mmc)

990

980 |

=50

Bikoea rpyna

PucyHok 10. pagpik po3nodiny T1 yacy Mix epynamu. [pagivHuli aHaniz nokazas cmabineHull
pigeHb T1 yacy 6e3 noMimHux sukudie ceped 00pOCaUX y4ACHUKI8

OCKiJIbKY 3HaueHHA p cyTTeBO nepesuuiye 0,05 (p<0,05
BBKAETbCS CTATUCTUYHO 3HAYMMHUM), MO>KHA 3pOOUTHU
BUCHOBOK, 1IJ0 HEMA€E CTATUCTUYHO 3HAYMMHUX BiAMiH-
HoCTel Mixk cepeHiMu 3HaueHHsAMU T14acy 3a CTATTIO.

Ananiz T1 noka3HukiB y fgiTell Bikom 12-18 pokiB
Ma€ TakKl X 3HaueHHs, fK i y gopociaux. [Ipu nopiBHAH-
Hi 060X rpyn pe3yabTaTH t-TecTy cTaHOBWJIU: t = 1,34,
p =0,183. Ockinbku p>0,05, HeMae mijicTaB CTBEP/KyBa-
TH, 110 iCHY€E CTATUCTUYHO 3HAYMMa Pi3HULS MiXk cepeJ-
HiMu T1-3HaueHHAMHU B rpymnax 12-18 pokiB i y gopoc-
Jaux, To6To T1 yac y nigtiTkiB Ayxe 6/1M3bKuUi 10 pede-
PEHTHHUX MOKAa3HUKIB ¥ JOPOC/IUX, 1110, HA HAlly AYyMKY,
MOXKe CBIJYHUTH PO JocsATrHeHHs ¢isiosnoriyHoi 3pinocTi
Miokap/ia Bxke 3 12 pokiB (pucyHok 11).

Mu nopiBHSJIU KiNbKiCHe 3Ha4ueHHd T1 yacy B Mix-
LUIJIYHOYKOBiM meperopojini Ta B JlaTepaibHil cTiHLi
JIiBOTO HIJIYHOYKa. 3arajioM, cepeiHiii yac HaTUBHOTO
T1 y MixayHouKoBiM neperopoui 6yB 3Ha4YHO BU-
IIMM y BCiX BIKOBUX I'pynax, Hi>X y JlaTepasbHil CTiH-
ui (y mopocaux Ta aiteit Bikom 12-18 pokiB cTaHOBUB
1000 mc npotu 981 Mc, p<0,001). Lleit BUCHOBOK y3T0-
JUKyeTbes 3 faHuMu Parekh K et al.,, 2017 Ta Dabir D
et al, 2014 [17,18] Ta, iMoBipHO, MOB’sA3aHUM 3 dak-
TOpaMH, 10 BIJIMBAalOTh Ha To4yHicTh T1 B ob6sacTi
JlaTepaJIbHOI CTiHKH, 30KpeMa 3 HeOJHOPIJHICTIO 10~
JIs1 Ha MeXi «MoBiTps-TKaHUHa» [19]. 3 niei npuunHU
YUHHI pekoMeH/alii NPONOHYIOTb BUKOPUCTOBYBATHU
MIXKIIJIYHOYKOBY IEperopofKy AJifl KiJbKiCHOTO BHU-

YKpaiHCbKUIA )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



146

3aranbHi NMTaHHA NiKYBaHHSA NALLIEHTIB i3 cepL,EeBO-CYAMHHOIO NaTOJOriEl0

MopiBHAHHA T1l-vacy: 12-18 pokiB vs [dopocni
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PucyHok 11. [pagik nopisHaHHs T1 wacy y nionimkig (12-18 pokig) ma dopocaux. Po3nodinu Oyme cxoxi:
T1 3Ha4eHHs1 8 060X 2pynax 3Haxo0mscsi nepesaxHo 8 dianasoni 980-1020 mc

3”HadyeHHs T1 yacy, AKIO Npolec 3aXBOPIOBAHHS HE €
perionasbHUM [20].

Y 94 pite#t (65,7 %) 3 143 nanieHTiB fUTAYOI rpynu
Ta 134 gopocnux(79,3 %) 3 169, 6yso BukonaHo T1 kap-
TyBaHHS 4epe3 15 XBUJIMH mic/id BeZleHHSI KOHTPACTHOI
pedoBUHH AJd BusHadeHHs ECV (pucyHok 12). Bumi-
proBasin ECV 3a ¢opmysoro, omy6sikoBaHow Kesma-
HoMm [21].

PesynbraTu po3paxyHky ECV y 134 gopocaux nari-
€HTIB: cepenHe 3HaueHHa ECV 24,9 %, mexgiana 25,0 %,
cTaHJapTHe BigxuieHHs *1,53, MiHiMasbHe 3HAYEHHS
22 %, MakcuMaJsbHe 3Ha4eHHs 28 % (pucyHok 13).

PospaxyHok ECV y 94 niTeli Bcix BiKOBUX rpynax cTa-
HoBuJio: cepenHe ECV 25,02 %, meniana 25,0 %, cTaH-
JapTHe BigxuieHHs 1,72, MmiHiMasibHe 3HaYeHHA 22 %,
MaKcUMaJibHe 3HaueHHs 28 % (pucyHok 14).

V 3n0poBOMY cepii

IMo3zaxkmiTHHHMIT
06’em (ECV)

PucyHok 12. Po3nodin koHmpacmHoi pedosuHu donomazae sumipsmu ECV, wjo 0ae 3mozy oyiHumu ¢i6po3
ma iHwi 3MiHU y mKaHuHax cepys. O6EM N03akAiMUHHO20 NPOCMOpPY BUMIPIOEMbLCS WSXOM aHAni3y T1
00 i nicnis 8eedeHHs 2a001IHII0 MA KOPEKYU 3 piBHEM 2eMAmoKpumy
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lNcTorpama po3snoainy ECV y popocnanx nauieHTis
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PucyHok 13. Po3nodin 3HayeHb ECV y nauieHmig dopocnozo 8iky
lNcTorpama Ta wineHicTe posnoainy ECV y aiten
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PucyHok 14. 3HauerHHs ECV'y dumsuiii epyni. Yimkuli nik Ha 25-26 %, ujo 36icaemoscs
3/ CepedHiM 3HayeHHSIM | MeQiaHo

CniBcraBsieHHa nokasHukiB ECV y giteit Ta fopoc-
JIUX MPOJIEMOHCTPYBAJIO, 1110 OGH/IBi rpyny Maau CXOXi
Megnianu (25 %), 10 CBiJYUTHL MPO y3TO/PKEHICTh po3-
MOy JAHUX Ta BIACYTHICTb 3HAYHUX 3CyBiB 3a BIKOM
(pucyHok 15).

Y HawmoMy focaifpkeHHi, Bepiue B YKpaiHi, BU3Ha-
4yeHOo pepepeHTHi 3HaUYeHHsI HATUBHOTO T1-KapTyBaHHSA
3/l0pOBOr'0 MiOKap/a NaLieHTIB pi3HOTro BiKy 3a JAHUMHU
MPT-o6cTexxeHHs1 cepusi B MarHiTHoMmy noJi 1,5 Tecia.
[Tonpu BiJHOCHO HEBEJMKHU po3Mip BUOIpKU y HaUIid
po6ori, sinire 3 i3 12 ony61iKOBaHUX JOCJiKEHb, TTIPU-
CBSYEHHUX HOPMaJIbHUM 3HaueHHsAM T1-4acy, Majiu 6ijib-
UK o6cAar BUOIpKY; iHIII 6y a60 aHAJOTIYHUMU 3a
KIJIBKICTI0, 260 MEHIIIMMH.

Hawi nokasnuku T1-kapTyBaHHS B HOpMi AJd Ai-
Ted Ha 1,5 Tecnra MPT craHoBusn: y MoJsioAwii rpymi
(0-1 pik) - 940420 wmc, y rpyni 2-6 pokiB - 96020
Mc, y rpymi 7-12 pokiB - 980x20 mc, y rpyni aitei
12-18 pokiB - 1000+20 Mc, y fopocaux noHas, 18 pokiB -

1000420 mc. OTpuMaHi HaMH 3HAYeHHS 6YJW BULUMH,
HDXK y monepegHboOMy orissAoBoMy aHasiszi Vo HQ et al,,
2020 [22], asie 6IM3BKUMHU [JI0 PE3Y/IbTATIB HELABHBOTO
nocaimkenas Meloni A et al.,, 2021 [23].

OTpuMaHi pe3ysbTaTH JeMOHCTPYIOTh YiTKy BiKOBY
AuHaMiky T1-4yacy - Bii HXKYHX 3Ha4Y€Hb y HEMOBJIAT 10
BUUIMX 3HAY€eHb Yy NiJJIITKIB Ta JOPOCAUX. Y JOCTYNHIN
JliTepaTypi MU He 3HAWILIM MOsiCHEHHS ¢i3iosoriuHo-
ro 36inbmenHs T1-yacy 3 BikoM. Ha Hamy fymKy, npu-
YHUHOIO LbOr0 € 3MiHM TKaHWHHOTO CKJQAy Miokapza
MIPOTATOM POCTYy OpraHisaMy. Y paHHbOMY Billi TKAHUHU
ceplLsl XapaKTepU3ylTbCA BULIMM BMICTOM KJITHHHUX
CTPYKTYP Ta BiJHOCHO MEHUIOK KiJIbKICTIO MIKKJIITHUH-
HOT'0 MaTPHUKCY. 3 BIKOM 3pOCTA€E KiJbKICTb CIOJYYHOT-
KaHUHHUX €eJIEMEHTIB, 36iJbIIYETbCA BMICT BOAU Ta
3MIHIOETBCA CTPYKTypa KOJIAT€HY, L0 NPU3BOAUTH [0
nigBuieHHda T1-4acy. BaxiuBy poJib BifiirparoTh TakoxX
MpoIeCH 03piBaHHSA MIiOIHUTIB i 36i/IbIIeHHS KiJIbKOCTI
nosakyaiTHHHOI pignHu. Hait6inemmuit npupict T1-yacy y
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MopiBHAHHA WinbHOCTI po3noginy ECV: giTu vs nopocni
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PucyHok 15. lMopisHsneHuli epagik wineHocmi po3nodiny ECV'y dimeli ma dopocaux.
Aimu (4epgoHa kpusa): dewo wupwuli po3nodin, b6inblie KpaliHix 3HaqyeHs (22-28 %).
Lopocni (cuHsa kpuea): 6inbw WinbHO 32pynosaHi, 3ocepedreHi Mix 24-26 %.

HalloOMy JOCJiZKeHHI crocTepirascd y Bigi 7-12 pokis,
1110, IMOBIpHO, ITOB’I3aHO 3 aKTUBHHUMM IpOLlecaMu pe-
MO/le/II0BaHHS MioKap/ia y npeny6epTaTHUM nepiof,.

PesynbraTy gocaifpkeHb y rpyli 4OpoC/auX CBij4aTh
npo crab6inizanito T1l-yacy micas 3aBeplueHHSI POCTY.
BigcyTHicTb 3asexHOCTI MK BikOM Ta 3HadyeHHAM T1
cepe/; JOPOCIUX 36iraeTbcs 3 NoNepeAHIMU A0CTiIKeH-
HAMU [24], ki BKa3y0Th, 10 nicias 18 pokiB T1-yac 3a-
JIMIIAETbCSA BIJJHOCHO He3MIHHUM 3a BiZICYTHOCTI naTo-
JIoriyHuX 3MiH. KpiM TOro, orprMaHi HaMu pe3yJibTaTy,
AKI J0BeJIU BiICYTHICTb CTATUCTUYHO 3HA4YyL10] pisHUL]
MIX rpyliaMu 40JI0BiKiB Ta KIHOK, i TBEPKYOTb IIPU-
NyILeHHs Npo MiHiMaJbHUN BIJIUB CTaTi HA HOPMaJsbHi
nokasHuku T1-yacy y 340poBiil monyssuii [24].

[lopiBHAAHHA OTPUMMaHUX HaMU JaHUX 3 JiTepaTyp-
HUMU JpKepeslaMU [ eMOHCTPYE IXHIO BIiANOBIAHICTH:
pe3yJIbTaTH NoNepesHiX JOCaiKeHb TaK0X BKa3yBaJn
Ha HasBHIicTb BikoBUX 3MiH T1-4acy y 3/,0poBuX AiTel i
niguiTkiB [25]. [IpoTe BapTo 3a3Ha4yuTH, 10 Ha T1l-yac
MOXYTb BILJIMBATH TakKi paKTOPH, AK iCHyBaHHSI IPUXO-
BaHUX MATOJIOTIH, piBeHb rifgpaTauii opraHiamy Ta Tex-
HiyHi napameTpu MPT-ckaHyBaHHSl (TUN CKaHepa, TUI
ceKBeHIil To1o) [26].

TakuM 4YMHOM, OTPUMaHi pe3yJbTaTU NiJKpPeca00Th
BaXKJIUBICTb YpaxyBaHHs BIKOBUX 0COOJIMBOCTEN NPH iH-
TepnpeTauii T1-yacy Miokapza y kaiHiYHINA npakTULi Ta
3aKJIaJIal0Th OCHOBY JJI MOJAJbIINX JOCIiKEHb HOP-
MaJIbHUX pedpepeHTHUX 3Ha4yeHb Y NeJAiaTpUYHIil nomny-
ST

Y upoMy pociif>)keHHI NpOBeZleHO MOPiBHSAJIbHUU
a”asi3 nosakjaiTuHHoro o6'emy (ECV) Miokappa mix
rpynaMu nanieHTiB gopociaux i giteld. CepesHe 3HaUeH-
Hs ECV y fopociux cknano 24,9 % (+1,53), Tozi AK y Ai-
el - 25,0 % (£1,72). O6uABi rpynu Maau cXoxi Mefi-
aHu (25 %), wo CBiAYMTb NP0 y3roJKeHICTb pO3NOAiay
JaHUX Ta BiACYTHICTb 3HAaYUMUX BifxuseHb. Posnopin
ECV y nopociyx naui€eHTiB BUSBUBCA LiIJIbHUM Ta CUMe-

TPUYHUM, 3 KOHIIEeHTpalli€lo 3HayeHb y Mexax 24-26 %.
Y puTadiil nomyssuii cnocTtepiranacsa fgeuwio 6isblia
BapiaTUBHICTb — 3HayeHHS KOJMBAJIUCh Y LIMPIIOMY
JianasoHi (22-28 %), mo nigTBepAKyeTbCs OiNbIINM
CTaHAApPTHUM BifgxuyeHHsAM. lle Moxe GyTH 3yMoBile-
HO BIKOBHMMM 0COGJHUBOCTAMU GOpPMyBaHHS TKaHUHHOI
CTPYKTYpH cepls y AiTel, BK/IOYHO 3 HEBU3HAYeHUM
6a/1aHCOM MiXX BHYTPILIHbOKJITUHHUM Ta MO3aKJIiTHH-
HHUM [IPOCTOPOM.

OTpuMaHi HaMU pe3y/abTaTH CHiBIAJAI0Th 3 JAHUMU
CBITOBOI JliTepaTypH, Je BKa3aHO, W0 y 3J0pOBUX ZAi-
Teit ECV Moxe 6yTH TpoXd MiZiBUILLEHUM, NMOPIiBHSHO 3
JlOpOCAMMH, Yepe3 6inblly rifpaTaniio TKaHUH, BULIUN
BMICT MDKKJIITUHHOI PiiJMHU Ta 3MiHY CTPYKTYpPHOI Op-
rasisanii Miokapza nizg 4yac pocty. 3arajoM, pe3y/JbTaTu
MiKPeC/aI0I0Th BaX/JIMBICTh BUKOPUCTAaHHA BIKOBUX pe-
depenTHux 3HayeHb ECV npu iHTepnpeTauii pesysnbra-
TiB MPT-gocaifi>xeHb Miokapza.

[opanbiui JocaigkeHHs 3 OiAbIIMMU BUOGIpKaMy,
cTrpatudikali€lo 3a BIKOM Ta CTaTTIO MOXYTb JOIIOMOT-
TH YTOYHUTH BiKOBI Me>i HOpMU Ta JiarHOCTUYHI [TOpPO-
ru ECV gnig qutsyol nomysianii.

BHUCHOBKU. Y faHOMYy JOC/ipKeHH], Biepuie B YKpa-
iHi, BcTaHOB/JeHO pedepeHTHi 3HAYeHHS HATHBHOIO
T1-kapTyBaHHA AJ1S 34,0pOBOI NOMYJIALIl Pi3HUX BIKOBUX
rpyn 3a ymoB MPT 1,5 Tecsia. 3HayeHHs T1 3MiHIOETBCSA 3
BikoM: Bif 940 mc y rpymni 0-1 pik g0 npu6sanzso 1000 mc
y NiAJITKIB Ta JOpocauXx. Y rpyni nigjaiTkiB 12-18 pokis
BUSIBJIEHO HECYTTERY pisHuULI0 3 fopocaumu (p>0,05) 3a
nokasHukoM T1-yacy, 110, UMOBIpHO, CBiAYUTH HPO J0-
CATHEHHSI CTPYKTYPHOI 3piJIoCTi MioKapZa y L1bOMY BiLll.
CepesiHE 3HaYeHHA 006'€My MO3aKJITHHHOIO NPOCTOPY
(ECV) cranoButb 24,9 % y fopocaux Ta 25,0 % y agitei.
OTpuMaHi JaHi BKa3ylOTb Ha BIiJCYyTHICTb CTaTeBUX Ta
BIKOBUX BiZIMiHHOCTel cepe/; OPOCIUX B MeXKax HOPMH,
110 IeMOHCTPY€E HaZilHIcTh Hawoi pedepeHTHOI BUOIp-
KU. MDKIJIyHOYKOBA Ileperopojika B CepeJiHix Biazinax
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€ HaWO6/JIbII BiZOBiIHOIO 30HOK AJIA KiJIbKICHOI OLIiHKHU
T1-4acy 3a BiAcyTHOCTI perioHasibHOI naTtoJiorii. Yci 3ra-
JaHi GaKTH MiKPeCTI0I0Th BAXKJINBICTh BIKOBOI CTaHAAp-
TH3alil A iHTepnpeTanii nokasHukiB T1-kapTyBaHHSA
Ta ECV y nauieHTiB AUTSAYOTO i J0pOCIOTO BiKY.

Ile mocnimxeHHs BIlepllle BU3Ha4Ya€ pepepeHTHI 3Ha-
yeHHs HaTUBHOro T1-kapTyBaHHSA MioKap/a AJis 3J0po-
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BOTO HaceJIEHHSI 32 yMOBU BUKOPUCTAHHSI CTaHAAPTHOI
cekBeHnii MOLLI y maruiTHOMYy moJti 1,5 Tecia. MeToau-
Ka CKaHyBaHHS OyJ1a 9iTKO CTaHJapTH30BaHa (KyT HaXu-
sy 35°, gac iuBepcii 183 mc, FOV = 360 MM, TR = 290,88
Mmc, TE = 1,13 mc, FA = 35°), o 103BoJIsIE iHIIMM HayKO-
BO-MPAKTUYHUM MEAWYHUM LIEHTPaM KpaiHU MPOBOJU-
TH Y3TOJIP)KEHE MOPiBHSHHS.
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T1 Mapping in Cardiac MRI: Principles, Techniques, and Reference Values
f Native Myocardial T1 and Extracellular Volume in Healthy Subjects

Tammo Raad, Hanna Ye. Morkovkina, Alyona V. Sydorova, Yevhen Ye. Tsasiuk, Tetyana A. Yalynska
Ukrainian Children’s Cardiac Center, Kyiv, Ukraine

Abstract

Background. Cardiovascular diseases remain the leading cause of morbidity and mortality worldwide. One of
the key aspects of modern cardiac diagnostics is tissue characterization of the myocardium, which enables the iden-
tification of early and diffuse changes not detectable by conventional imaging modalities. T1 mapping by cardiac
magnetic resonance (MRI) has emerged as a powerful quantitative technique for detecting and monitoring myocar-
dial fibrosis, both focal and diffuse, in a non-invasive and reproducible manner.

Aim. The aim of this study was to establish reference values for native T1 and extracellular volume fraction (ECV)
of the myocardium using 1.5T MRI in a healthy Ukrainian population, including both pediatric and adult patients,
and to evaluate age-related changes in these parameters.

Materials and Methods. This prospective study included 312 participants (143 children and 169 adults) who
underwent cardiac MRI between 2022 and 2024. All participants had normal echocardiographic findings and no his-
tory of cardiovascular or systemic diseases. Cardiac MRI was performed using a 1.5 Tesla scanner (Magnetom Avanto
Fit, Siemens Healthineers) with a standardized protocol. Native T1 mapping was performed using a MOLLI sequence
before contrast administration, and post-contrast T1 mapping was used to calculate ECV using hematocrit-adjusted
formulae. T1 values were measured in the interventricular septum in short-axis slices. Data were stratified into pe-
diatric subgroups: infants (0-1 years), early childhood (2-6 years), school-age children (7-12 years), and adolescents
(12-18 years). Adults were further stratified by age: <50 years and =50 years. Statistical analyses included ANOVA,
t-tests, and Pearson correlation.

Results. Native T1 time demonstrated a statistically significant age-dependent increase in pediatric patients.
Mean values were: 940+20 ms (0-1 year), 96020 ms (2-6 years), 980+20 ms (7-12 years), and 1000+20 ms
(12-18 years). Adults exhibited stable T1 values with a mean of 1000.2 ms, showing no significant correlation with
age (p =0.501) or sex (p = 0.848). T1 values in adolescents did not differ significantly from adults (p = 0.183), sug-
gesting myocardial tissue maturation by the age of 12-18 years. Comparison between myocardial segments revealed
that the interventricular septum had significantly higher T1 values than the lateral wall (p<0.001), supporting pre-
vious recommendations to prefer septal measurements for reproducibility. ECV values were calculated in 94 chil-
dren and 134 adults. The mean ECV in adults was 24.9 % +1.53, while in children it was 25.0 % +1.72. Both groups
had identical medians (25 %), though children exhibited a broader distribution (22-28 %) compared to adults
(24-26 %). No statistically significant differences in ECV were found between age groups (p>0.05).

Conclusions. Our findings establish age-specific reference ranges for native T1 and ECV in a healthy Ukrainian
cohort using 1.5T cardiac MRI. T1 values increase during childhood and plateau during adolescence, with no
further age-related variation in adulthood. ECV remains consistent across age groups but exhibits wider variability
in children. These normative values may support improved tissue characterization and diagnostic accuracy for
pediatric and adult cardiac conditions. T1 mapping, with its ability to detect early diffuse fibrosis, holds promise as
a clinical and research tool in longitudinal cardiac health assessment.

Keywords: cardiac magnetic resonance imaging (MRI), T1 mapping, extracellular volume (ECV), myocardial fi-
brosis, reference values, non-invasive imaging, pediatric cardiology, myocardial tissue characterization, MOLLI, na-
tive T1.
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Case Report of Multidisciplinary Management of Peripartum Cardiomyopathy

Abstract

Peripartum cardiomyopathy (PPCM) is a form of heart failure that occurs during pregnancy or in the postpartum
period, characterized by reduced left ventricular systolic function [1]. Peripartum cardiomyopathy is one of the
leading causes of maternal mortality and morbidity worldwide.

Aim. To demonstrate, through a clinical case, the importance of early diagnosis, timely risk factor identification,
and optimized strategies for treatment, delivery, and postpartum care.

Case Report. Patient B, a 36-year-old woman, was urgently admitted to the hospital on the sixth day postpartum
due to progressive symptoms of acute heart failure. Examination confirmed peripartum cardiomyopathy, acute
heart failure (Killip III, pulmonary edema), severe mitral regurgitation, left atrial dilation, moderate tricuspid
regurgitation, moderate pulmonary hypertension, and massive bilateral pleural effusion. The left ventricular
ejection fraction (LVEF) was 36 %, with NYHA Functional Class IV. Bilateral thoracentesis was performed,
and acute heart failure therapy was administered in the intensive care unit for five days, leading to clinical
improvement and improved laboratory and instrumental findings. The patient received heart failure therapy,
including bromocriptine, and was managed by a multidisciplinary team of cardiologists, obstetricians, cardiac
surgeons, and intensivists. At discharge, the patient’s condition was stable. Echocardiography revealed reduced
mitral regurgitation (from severe to moderate), decreased left atrial size, and an LVEF increase to 40 %. NT-
proBNP was 533.2 pg/mL, with other laboratory parameters within normal limits. Long-term outcomes were
assessed at 2, 6, and 14 months post-discharge. At 14-month follow-up, complete recovery of myocardial and
mitral valve function was observed, with a stable clinical condition.

Conclusions. Peripartum cardiomyopathy remains a serious cause of maternal and perinatal morbidity and
mortality. Timely diagnosis and management of this condition are possible only through close collaboration
within a multidisciplinary team comprising obstetrician-gynecologists, cardiologists, cardiac surgeons, and
anesthesiologist-intensivists. Coordinated actions of these specialists contribute to optimizing the management
of pregnancy, delivery, and the postpartum period, as well as improving long-term outcomes for both mother
and child.

Keywords: pregnancy, postpartum period, peripartum cardiomyopathy, heart failure, ejection fraction,
bromocriptine, perinatal outcomes, multidisciplinary care.

© 2025 The Authors. National M. M. Amosov Institute of Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).
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Introduction. Peripartum cardiomyopathy (PPCM) is
a form of heart failure that occurs during pregnancy or in
the postpartum period, characterized by reduced left ven-
tricular systolic function [1]. Symptoms of normal preg-
nancy may mimic heart failure, potentially delaying diag-
nosis and treatment and leading to adverse maternal and
perinatal outcomes. PPCM is a leading cause of maternal
mortality worldwide, accounting for 60 % of cardiogenic
shock cases during pregnancy and the postpartum pe-
riod [1,2]. The incidence of PPCM varies by region, with
a global estimate of 1 in 2000 live births, ranging from 1
in 300 in Haiti to 1 in 20,000 in Japan [3-7]. This varia-
tion is likely associated with socioeconomic status and
ethnicity [8-10]. In Ukraine, a national multidisciplinary
team reported an incidence of 1 in 252,000 [11], though
this figure may be underestimated compared with global
data, highlighting the need for improved detection [3-7].
Risk factors for PPCM include African descent, maternal
age >30 years, multiparity (>3 deliveries), multiple ges-
tation, essential or gestational hypertension, preeclamp-
sia, prolonged tocolysis, metabolic disorders (e.g., obesi-
ty, prediabetes, diabetes), and low socioeconomic status
[11,12]. At the preconception stage, evaluation should
include a history of prior PPCM episodes due to the high
recurrence risk. According to the modified World Health
Organization (WHO) cardiovascular risk (CVR) scale, a
history of PPCM stratifies patients into the highest risk
classes (Il or IV). Differential diagnosis of PPCM includes
other forms of dilated cardiomyopathy (DCM; e.g., famil-
ial, Takotsubo), tachycardia-induced cardiomyopathy,
DCM associated with systemic diseases, acute coronary
syndrome, pulmonary embolism, and myocarditis. Time-
ly diagnosis and differential diagnosis of PPCM enable a
significant reduction in maternal and perinatal mortality
and patient disability.

Aim. To demonstrate, through a clinical case, the im-
portance of early diagnosis, timely risk factor identifica-
tion, and optimized strategies for treatment, delivery,
and postpartum care.

Case Report. Patient B, a 36-year-old woman, was ur-
gently admitted to the hospital on the sixth day postpar-
tum due to severe dyspnea, lower limb edema, hyperten-
sion (150/100 mmHg), and progressive acute heart fail-
ure with pulmonary edema. Her medical history included
a first pregnancy achieved through in vitro fertilization,
uterine fibroid, and gestational hypertension (180/100
mmHg) at 13 weeks, requiring inpatient management.
Pre-pregnancy cardiology evaluation ruled out congeni-
tal heart disease. Cesarean delivery was performed at 40
weeks due to cephalopelvic disproportion. In the early
postpartum period, the patient developed postpartum
hemorrhage due to uterine atony and anemia, treated
with uterine balloon tamponade and blood transfusion,
followed by progressive dyspnea, peripheral edema,
tachycardia, diffuse pulmonary rales, and oxygen desatu-
ration (SpO, 88 %).

Chest radiography at the maternity hospital suggest-
ed pneumonia, prompting empiric antibacterial therapy,

oxygen supplementation, antihypertensive treatment,
and thromboembolism prophylaxis. Despite therapy, the
patient’s condition worsened, with progressive dyspnea
and hypoxemia, leading to consultation with specialists
from the Amosov National Institute of Cardiovascular
Surgery. Clinical assessment and diagnostic testing re-
vealed heart failure with pulmonary congestion. The pa-
tient was transferred to the intensive care unit (ICU) for
further evaluation and treatment.

The diagnostic workup included comprehensive lab-
oratory and instrumental evaluations: electrocardiog-
raphy (ECG), echocardiography with speckle-tracking,
contrast-enhanced cardiac magnetic resonance imag-
ing (MRI), chest X-ray and computed tomography (CT),
complete blood count, biochemistry, coagulation profile,
D-dimer, C-reactive protein (CRP), procalcitonin, N-ter-
minal pro-B-type natriuretic peptide (NT-proBNP), and
cardiac and liver enzymes.

Electrocardiography showed sinus rhythm, heart rate
110 bpm, PQ interval 0.12 s, low R-wave progression, and
incomplete right bundle branch block. Echocardiography
revealed:

o Mitral valve: leaflet thickening, severe regurgitation
(regurgitant orifice area 11 cm?);

o Aortic valve: trace regurgitation, gradient 4 mmHg,
ascending aorta 28 mm;

o Tricuspid valve: moderate regurgitation;

o Moderate pulmonary hypertension;

o Leftatrium: 48 mm; right atrium: 41 mm;

o Left ventricle: end-diastolic volume 119 mlL, end-
systolic volume 75 mlL, stroke volume 44 mL, ejection
fraction 35-37 % due to diffuse hypokinesia;

« Bilateral pleural effusion (Figure 1).

Chest CT confirmed pulmonary edema and bilateral
hydrothorax (Figure 2). Cardiac MRI demonstrated fea-
tures consistent with peripartum cardiomyopathy: dif-
fuse myocardial edema, left ventricular (LV) dilatation,
reduced LV systolic function (ejection fraction 33 %), and
small pericardial effusion (Figure 3).

Laboratory findings included:

o Complete blood count: hemoglobin 160 g/L,
RBC 5.3x10'?/L, ESR 20 mm/h, WBC 7.1x10°/L
(basophils 1 %, eosinophils 0 %, band neutrophils
4 %, segmented neutrophils 85 %, lymphocytes 7 %,
monocytes 3 %), platelets 177x10°/L;

o Biochemistry: NT-proBNP 5089 pg/mL, CK-MB
10 U/L, total CK 66 U/L, lactate 1.46 mmol/L,
albumin 38.2 g/L, creatinine 89 pmol/L, ALT 27 U/L,
AST 16 U/L, glucose 4.8 mmol/L, serum amylase
34 U/L, alkaline phosphatase 268 U/L, CRP 7.5 mg/L,
procalcitonin 0.14 ng/mL;

o Coagulation: prothrombin index 84 %, fibrinogen
6.75 g/L.

Elevated NT-proBNP (5089 pg/mL) confirmed severe
heart failure, correlating with clinical symptoms (dys-
pnea, edema) and myocardial dysfunction.

Following diagnostic evaluation, the final diagnosis
was: peripartum cardiomyopathy; acute heart failure
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Figure 1. Echocardiography with speckle tracking (ST): GLS = -14.3 %
(global longitudinal strain is reduced)

Figure 2. Chest CT of a 36-year-old woman with peripartum cardiomyopathy at admission, showing
cardiomegaly with pulmonary edema and bilateral pleural effusion, without signs of PE

(Killip Class III, pulmonary edema); severe mitral re-
gurgitation; left atrial dilation; moderate tricuspid
regurgitation; moderate pulmonary hypertension;
significant bilateral pleural effusion; NYHA Functional
Class IV.

The patient was managed by a multidisciplinary team
of cardiologists, obstetricians, cardiac surgeons, and in-
tensivists. Bilateral thoracentesis was performed, and

acute heart failure therapy was initiated in the inten-
sive care unit (ICU) for five days, resulting in improve-
ment of the clinical condition as well as laboratory and
instrumental findings. Following stabilization, guideline-
directed medical therapy (GDMT) for heart failure was
initiated. GDMT included:

Sacubitril /valsartan 50 mg twice daily, titrated to
200 mg twice daily or the maximum tolerated dose;
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Figure 3. Cardiac MR of a 36-year-old woman with peripartum cardiomyopathy.
A - four-chamber cine SSFP: dilatation of the LV and reduced LV ejection fraction;
B - four-chamber T2-mapping: normal T2 time (49 ms);
C, D - short-axis and four-chamber LGE: no signs of inflammation or myocardial fibrosis.

o Carvedilol 3.125 mg twice daily, titrated to 25 mg
twice daily or the maximum tolerated dose;

o Eplerenone 25 mg daily, titrated to 50 mg daily;

o Empagliflozin 10 mg daily;

o Enoxaparin 60 mg/0.6 mL daily for 6 weeks, with co-
agulation monitoring;

o Bromocriptine 2.5 mg daily for 6 weeks.

At discharge, the patient’s clinical condition was sta-
ble, with blood pressure 110/75 mmHg, heart rate 80
bpm, oxygen saturation 98 %, and no peripheral edema.
Echocardiography showed reduced mitral regurgitation
(from severe to moderate), decreased left atrial size, and
an increase in left ventricular ejection fraction (LVEF) to
40 %. No pleural effusion was observed. NT-proBNP was
533.2 pg/mL, with other laboratory parameters within
normal limits.

Follow-Up Outcomes

At the 2-month follow-up, further improvement was
documented. Mitral and tricuspid regurgitation reduced
to mild, left ventricular end-diastolic volume (LVEDV) de-
creased from 119 to 89 mL, LVEF increased to 41 %, and
NT-proBNP normalized to 106 pg/mL (reference range:
<125 pg/mL).

At 6-month follow-up, near-complete recovery of
myocardial and mitral valve function was observed, with

no evidence of pathological left ventricular remodeling.
Echocardiography revealed:
o Mild mitral and tricuspid regurgitation (hemodynam-
ically insignificant);
o No significant pulmonary hypertension;
o LVEDV 92 mL, LVEF 50 %, with mild interventricular
septal mechanical dyssynchrony;
o Global longitudinal strain (GLS) -20.7 %, indicating
preserved myocardial function (Figure 4).
14-Month Follow-Up
At 14-month follow-up, the patient achieved com-
plete recovery of myocardial and mitral valve function.
Her clinical condition was stable, with no symptoms re-
ported. Echocardiography revealed:
Normal cardiac chamber dimensions (left atrial size
29 mm);
Preserved left ventricular systolic function (LVEF
60 %, LVEDV 92 mL);
Minimal mitral and tricuspid regurgitation;
Global longitudinal strain (GLS) -22.2 %, within nor-
mal range (-18 % to -22 %) (Figure 5).
The patient had discontinued heart failure therapy
three months prior to the 14-month follow-up.
Discussion. Early diagnosis of peripartum cardiomy-
opathy (PPCM) is critical for maternal and perinatal out-
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comes, enabling timely treatment and reducing theriskof ~ in Ukraine. However, clinical cases and the experience
complications such as heart failure, arrhythmias, throm- of our multidisciplinary cardio-obstetric team confirm
boembolism, and sudden cardiac death. No epidemio-  the presence of PPCM in the country. Between 2015 and
logical data on PPCM prevalence are currently available =~ 2024, 15 pregnant and postpartum women with PPCM

YKpaiHCbKUIA )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



156

KniHiuHuit BUNnagok

were treated at the Amosov National Institute of Cardio-
vascular Surgery and the Lukyanova Ukrainian Center
of Maternity and Childhood. In the absence of national
epidemiological data, international statistics suggest that
PPCM prevalence in Ukraine may be underestimated due
to limited diagnostic and reporting capabilities, under-
scoring the need for large-scale studies and a structured
surveillance system to ensure timely diagnosis and effec-
tive management.

Despite its rarity, ongoing research and clinical ef-
forts in Ukraine aim to improve PPCM diagnosis and
management. Recent literature indicates that PPCM has a
genetic basis, with shared mutations linking it to dilated
cardiomyopathy (DCM) [13]. This highlights the need for
lifelong follow-up and monitoring of pharmacological

therapy to prevent recurrence and optimize long-term
outcomes.

Conclusions. Peripartum cardiomyopathy remains a
significant cause of maternal and perinatal morbidity and
mortality. Timely diagnosis and effective management of this
condition are achievable only through close collaboration
within a multidisciplinary team comprising obstetrician-
gynecologists, cardiologists, cardiac surgeons, and anesthe-
siologist-intensivists. Coordinated efforts of these specialists
are essential for optimizing the management of pregnancy,
delivery, and the postpartum period, as well as for improving
long-term outcomes for both mother and child.
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KniHiyHMi BUNaAOK MyNbTUAUCLUMIIHAPHOTO CYNpOBOAY NepUnapTanbHOi Kapaiomionarii
Cipomaxa C. 0.%*, laBnpoea 0. B.*?, 3iHoBuuK I. .}, lumaHcbka A. H0.23, lweHko M. C.!

L 1Y «HauioHanbHUit iIHCTUTYT cepLeBo-CyaMHHOI Xipyprii iMeHi M. M. AMocoBa HAMH Ykpainu», M. KuiB, YkpaiHa
2 1Y «BceykpaiHCbKKIA LLEHTP MaTepUHCTBA Ta AuTUHCTBA HAMH YkpaiHu», M. Kuis, YkpaiHa
> HauioHanbHMi MeanuHumii yHiBepcuteT iMeHi O. 0. boromonbug, M. Kuis, YkpaiHa

Pesome

[lepunapranbHa KapziomionaTis - e ¢popma cepleBoi HeJOCTaTHOCTI, AKa BUHUKAE MiJ| Yac BariTHOCTi abo y
MiC/IAI0/IOrOBOMY IEepioZii Ta XapaKTePHU3YEThCs 3HHKEHHSAM CUCTOJIIYHOT QyHKIii JliBoro miyHouka [1]. [lepunap-
TaJIbHa KapAioMionaris nocifjae Barome Micle cepeJi IpUYMH MaTePUHCBKOI CMEPTHOCTI y BCbOMY CBITI.

Merta. [IpofeMOHCTPYBaTH Ha NPUKJIAJI KJIHIYHOrO BUNAJKy 3HAa4Y€HHS PaHHbOI AiarHOCTUKH, CBOEYACHOTO
BUSIBJIEHHS GAaKTOPiB PU3UKY Ta BUIHAUEHHS ONTUMAJIbHOI cTpaTeril JIiKyBaHHS, PO3pOKEHHS Ta CyIPOBOAY Iic-
JIANOJIOTOBOTO Nepioay.

KiiHiyHM# BUNIAQAOK. Y CTATTi ONMCaHO BUNAZOK CYNPOBOAY MYJbTHUAUCLUILIIHAPHO KOMaH/010 Ta Bifja-
JIeHi pe3y/sbTaTH NOPOAI/IIIL i3 mepunapTaabHO0 KapgioMionaTieto. [lanienTka b., 36 pokiB eKCTpeHO MOCTynuIa
Jl0 KapaioxipypriuHoro 3akJ/ajy Ha 6-Ty 06y MicJAsI0J0TOBOro Nepiofy y 3B's3Ky i3 HAPOCTAaHHAM CUMIITOMIB
roctpoil cepueBoi HepgocTtaTHOCTI. Ilic/i1 006CTeKeHHSI BCTAaHOBJIEHO JiarHO3 —llepUnapTa/lbHa Kapjiomionaris,
roctpa cepueBa HegocTaTHicTh, Killip 11 (Ha6psik JiereHb), BaXKka MiTpasibHa HeIOCTATHICTD, AUIaTaLis JTiBOTO Ne-
pencepAs, noMipHa TPUCTY/IKOBA HEJOCTAaTHICTh, IOMipHa rinepTeH3is iereHeBoi apTepil, 3HaYHUHN JJBOCTOPOHHIN
rizporopakc, dpakuia Bukuay (PB niBoro mayHouka JI) 35-37 %, PK NYHA IV. [IpoBejeHa nyieBpajbHa NyHKL s
3 060X CTOPiH, Teparis rocTpoi ceplLeBoi HeJJOCTATHOCTI B YMOBax BiAiseHHs peaHiManil Ta iHTeHCUBHOI Teparii
NpPOTATroM 5 AHIB, Mic/s 4Oro 3araJibHUK CTaH MOKPALMBCA Ta BiJ]3HAYE€HO MMO3WTHUBHY JUHAMIiKy KJiHiKO-71a60-
PaTOPHHUX Ta IHCTPYMEHTAJIbHUX MTOKa3HUKIB. [lallieHTKa oTpUMyBaJia IHTEHCUBHY Tepallilo cepLieBoi HeJoCTaT-
HOCTI, Ta nepe6yBasia nif, HarIsiJOM MyJIbTUAUCLUIIIIHAPHOI KOMaH/ W y CKJIa/li KapZioJioTiB, aKylep-riHeKoJIoriB,
Kapzioxipypris, siikapiB peanimaTtoJioris. [Ipy BUnucIi 3arajibHUM CTaH NaliEHTKU OYB 3a/[0BI/IbHUM, 32 JAHUMH
exokapaiorpadii 3MeHIIMIacsa MiTpaJibHa HEJOCTATHICTD 3 BAXKKOI /10 MOMipHOI, 3MEHIIUJINCSI PO3MipH JiBOrO Ie-
pencepas, paxuis BUKuAy niasuinuiaacs 1o 40%, 3Hususcss NT-proBNP o 533,2 nr/mu, iHwi 1a6opaTopHi okas-
HUKHU B MeXaX HOpMaTHUBHUX 3HayeHb. OjiHEeHO Bifila/ieH] pe3ynbTaTH Yepe3 2, 6 Ta 14 MicALiB mic/d JiKyBaHHS.
Y BigpaneHoMy nepiogi yepes 14 micaLiB ciocTepexKeHHd Bifi3Ha4a10cs IOBHe BiiHOBJIeHHs1 QyHKLIT Miokapay Ta
pPO6GOTH MiTpaJNbHOIO KJIaNaHy Ceplis, 3arajibHUN CTaH MalieHTKH 6YB 10OpUM.

BucHOBKHM. [lepunaprasibHa KapjAioMionaTis 3a/MIIAETbCA CEPHO3HOI0 MPUYNHOI0 MaTEPUHCHKOI Ta MepuHa-
TaJIbHOI 3aXBOPIOBAHOCTI ¥ cMepTHOCTI. BuacHa fjiarHoCcTHKa Ta JIiKyBaHHS L€l aTOJIOTIl MOXKJ/IMBI JIKIIEe 32 YMOBU
TiCHOI cniBIpani MyJbTUAUCLUIIIIIHAPHOI KOMaHAH, JO CKJIaLy AKOI BXOAATH aKyllepUu-TiHEeKOJIOTH, KapZAioa0ry,
Kapzioxipypru Ta Jiikapi-aHecTesiosioru-peaniMaTtosiord. CKoopAuHOBaHi Aii ¢paxiBLiB cpUsIOTh ONTHUMi3alil Tak-
THUKH BeJleHHH BariTHOCTI, OJIOTIB i NiC/AM0JIOr0BOTO MepioAy Ta NOKPALEeHHIO JOBrOTPUBAIUX pe3y/IbTaTiB AJIs
MaTepi i AUTUHHU.

Knamwouoei caoea: sazimuicmy, nicasnoso0zo8ull nepiod, miokapdiasibHa HedocmamHicms, namoJiozis Miokapaa,
dpakyis eukudy, 6pOMKpUNMUH, hepUHAMA/AbHI HACAIOKU.
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2TepHONINbCbKMUIA HALLiOHaNbHWIA MeLUYHMIA yHiBepcuTeT iM. |.5. Topb6aveBcbkoro, M. TepHoninb, YkpaiHa

SKHIM «Opecbka obnacHa autaya nikapHs» OOP», M. Oneca, YkpaiHa

Bunapok xipypriuHoi Kopekuii iHpeKLiMHOro eHaoKapaMTY KnanaHa
NnereHeBoOi apTepii Ha OCHOBI IHGYHAUOYNAPHOrO CTEHO3Y Y AOPOCIOrO
(KniHiYHKM BUNAAOK)

Pe3ome

BpoaxxeHi Bazu ceplist 6€3 CBOEYACHOTO XipypriyHOTo JiKyBaHHS CAYrYIOTb IPEJUKTOPOM PO3BUTKY iHPeEK-
LiHHOTO eHJ0KAPAUTY, IPUYOMY UMOBIpHICTb MOT0 MOSIBU 3pOCTAE 3 BIKOM IaliEHTA.

MerTa. [IpecTaBUTH KOMILJIEKC XipypriyHUX mpoueayp npu iHpeKUiliHOMY eHAOKapAUTI Hif Yyac MOBHOI
KOpeKLii BpoJ»KeHOoi BaZiy cepLs.

Kniniyamit Bunagok. Iaunientka M., 19 pokis, Hagiimia g0 BiggiseHHs kapgioxipyprii TepHomisibcbKOI
o6JiacHoi kJiHiYHOI JikapHi 30.12.2024 p. (icTopisa xBopobu Ne 22656) 3 agiarHo3oM: Bpo/pkeHa Baja cep-
na (BBC), inpekuiiHuil eHjokapAUT KJanaHa JjereHeBoi apTepii (IEKJ/IA), KpuTHYHUN iHOYHAUOYAAPHUH
CTEHO03 BUXiJIHOr0 TpakKTy npaBoro uiyHouka (BTIILI), BupaskeHa HELOCTATHICTh TPUCTYJIKOBOTO KJanaHa
(TK), HegocTaTHicTb KpoBooGiry Il cTynens 3a Hplo-Hopkcbkoro Kinacudikanieio cepreBoi HeJ0CTaTHOCTI,
CyNyTHS ABOCTOPOHHA iHPapKT-NHEBMOHIs, JiereHeBa HeZ,OCTATHICTD I cTyneHs.

03.01.2025 p. BUKOHAHO oOIepallilo: BHJAJEHHS BereTalil, caHallis aHTHCENTHKAMH KJ/alaHa JiereHeBoi
aprepii, BTIII, TK; pe3ekuis inpyHaubynsipaoro creHo3y BTIIII; mpoTe3yBaHHs KJalaHa JereHeBOi apTepii
6iosioriyHUM npoTe3oM po3mipom 23; miactuka TK 3a meTogom DeVega B yMoBax ITY4YHOTO KPOBOOGITY.
BucHoBKM. CBo€yacHa XipypriyHa KopeKliisa Bpo/pKeHUX Ba/J, Ceplid 3 Bi[HOBJIEHHAM aHAaTOMIYHUX CTPYKTYP
yCyBa€ NMPUYMHHO-HACIIIKOBUH 3B’I30K PO3BUTKY iHQEKLIHHOro eH0KapAUTY. IMIIaHTaLis 6io/0TiyHOrO
KJIallaHa B JIETEHEBY apTepilo € ONTHMa/JbHUM Ta paJIMKaJbHUM 3aX0/I0M Y BiZJHOBJIEHHI reMOJUHAMIKU CH-
CTEeMH JIereHeBol apTepii.

Kouoei cio8a: 8podiceHa 8ada cepysi, o6cmpyKyist uxioHo20 mpakmy npagozo wayHo4Kd, 8UddieHHsl | caHa-

yis gezemayiti, npomesy8aHHs 6i0OKAANAHOM.

3a oCTaHHI TpU AEeCATHJITTA BPOJPKEHI Bau cepls
(BBC) y 3HauHi# Mipi cTasu KepOBAaHUMU B PO3BUHEHUX
KpaiHaX, i HeBeJsiMKa KiibKicTb AiTedt 3 BBC goxuia go
Jlopoc/I0To BiKYy; iX HA3UBAOTh JOPOCAUMU NalliEHTaMHU
3 BBC. YnockonasieHi Meju4Hi Ta Xipypriusi nigxoay, a
TaKOXX BUKOPHUCTAHHS NMPOTE3HUX MaTepiasiB 3po6uiu
e MOXKJIUBUM. YacToTa BUHUKHEHHS iHQeKLiliHOro eH-
nokapauty (IE) y nopocaux 3 BBC konuBaeThes Bif 1 1o
6 BunazkiB Ha 100 000 oci6 Ha pik [1].

BBC cnpuynHsATL po3BUTOK IE yepe3 MexaHi3M
aHOMaJIbHOI'0 TYPOYJIEHTHOT O KPOBOTOKY, 1[0 BUKJIUKAE
MiKpONOUIKO/KEHHSI €HJ0TesiaJIbHUX KJITHH, OJHO-

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

YaCHO CYINpPOBO/XKYIOUMCh OaKTepeMi€ld 3 BHCOKHUM
piBHeM BipysieHTHOCTI iHdekuiiiHoro areHnTa [1,2]. Ox-
HUM i3 HallBaK4uX Mi3HiX ycK/IaJHEHb V¥ XBopux Ha BBC
€ iHbeKUiiHUN eHOKapUT — 3arpo3JiuBe AJis KUTTS
3aXBOPIOBAHHS; BBaXKA€ThCH, 10 nauieHTu 3 BBC Mma-
10Tb pusukK IE y 27-44 pa3u BuULIMN, HiX y 3arajibHii
nomysuii [3].

Y crpykTypi ypaxenb IE kianaH siereHeBoi aprepil
(IEKJIA) cknapae 6usbko 12,8 % i acouifioBaHui nepe-
BaXXHO 3 IHOYHAMOY/NISAPHUM CTEHO30M IIPaBOro LLIY-
Houka (I1I), TeTpamoro ®anno Ta iHLIUMU KOHOTPYH-
KaJbHUMU LjiaHoTH4yHUMU BBC, 110 po6UTh npobieMy
JIOCUTb aKTyaJsbHOMO [4,5].

MeTa. IlpencTaBUTH KOMILIEKC XipypriuHHUX MpoO-
ueayp npu iHdekuiiHOMy eHJOKapAUTi Mij yac MOBHOI
KOpeKIil BpOJPKeHOl BaJj1 Ceplis.
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Kniniyaui Bunagok. Ianientka M., 19 pokis, mo-
CTynuJa y BigaineHHs Kapgioxipyprii TepHomisibcbKOI
ob6sacHOi kJjiHivyHOI JiikapHi 30.12.2024 p. (icTopis
xBopoOu Ne 22656) 3i ckapraMu Ha 3aJJUIIKY, KPOBO-
XapKaHHSA, 060J1i B TPYAHIN KJITIi Ta HMiBUIIEHHS TeM-
nepatypu a0 39°C. 3 aHaMHe3y BijIoMO, 1[0 XBOpPi€ Mpo-
TAroM 3 MicaniB 3 xoBTHSA 2024 poky. Ilpu BHCOKIiH
TeMIepaTypi Ta 03HOOI CiMeHHHWH Jiikap NpU3Ha4YaB
JIIKyBaHHS TOCTPOI peciipaTopHOi BipycHoi iHdeKIil.

Y BigmiseHHi MpoBeleHO KOMILJIEKCHE OOCTEeXEeHHS:
3araJibHi KJIiHiYHi Ta 6i0XiMiuHi aHaJi31 KpOBi, MOCiB KPOBi
Ha CTePUJIbHICTh — HeraTUBHUM. [Ipy TpaHCcTOpakaabHil
exokapgaiorpagii (TTEXOKI') BisyasizoBaHo Bererariii
Ha KJamaHi JiereHeBOI apTepili Ta MHOro BHpPaXKeHY
HEeJIOCTAaTHICTb, KPUTUYHUH IHPYHAUOYISIPHUNA CTEHO3
3 rpagieHToM 100 MM PT.CT, AedeKT MiKIIIYHOUYKOBOI
MEepPEeropoJiku JiiaMeTpoM 5 MM, HEJOCTATHICTb TPbOX-
crynkoBoro kianaHa (TK) IV crymens. Komm'ioTepHa
ToMorpadisi opraHiB rpyJHoI KJIIiTKH 3 KoHTpacTtoM (KT
Ol'K) sacBiguuia JBOCTOPOHHIO iHGAPKT-MHEBMOHIKO
seredb. Ha EKI' BigsHawanacs BupakeHa rimeptpodis
MPaBoro MIJIYHOYKA Ta HEMOBHA 0JI0Ka/a MpaBoi HOKKU
nyyka ['ica.

03.01.2025 p. mpoBeeHO MOBHY KOPEKI[il0 Bajau.
[licast cepearHHOI cTepHOTOMII 3/1iNCHEHO KaHIOJISAILLi0
AopTU |1 MOPOKHUCTHUX BeH, OXOJIO[KeHHs a0 32°C,
NEPETUCHEHO A0PTYy Ta IpPOBEJEHO KpPOB'SHY aHTe-
rpaZiHy KapziomnJerito. BUKOHaHO mpaBy aTpioTOMiIO i
MO3/I0BXXHE Po3CiueHHs cToBGypa JIA i3 36epeKeHHAM
KJIamaHHOTO Kinblda. Kiaman JIA 6yB TOTaJlbHO 3pyH-
HOBaHHUH iHdeKIlielo 10 GpiOPO3HOTO Kilblis, B MPOCBITI
ctinku JIA, Ha BUXiJHOMY TpaKTi NpaBOro LIJyHOYKa
(BTIIL) Ta Ha nepexcepaHid moBepxHi TK BuUsiBJIeHO
0e3J1i4 ApiOHUX KoJIOHIN 6e3 nepdopariiid. Bererarnii Bu-

PucyHok 1. Buzns0 knanaHa JIA 3 eidcymricmio pezypeimauii
i napaknanaHHoi HeAoCMamHoCmi Ha HbOMy
3a daHumu TTExoKI
Ipumimxku: 1- npocsit CJIA; 2 - knanaH CJIA; 3- BiacyTHicTb 06-
ctpykuii BTTILI.
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JlaJIeHO aHTUCEeNTUKAaMHU (BOAHUM PO3YMH XJIOPTeKCce -
Hy Ta 6eTaZHY) 3 eKCIO3HUIli€l0 5 XB.

Buxig i3 I y JIA nponyckaB guasitatop lerapa
JIiameTpoM Juiie 6 MM. JlepeKT MiXKIIIITYHOUKOBOI nepe-
ropoAkuHeniaTBepKeHO. [IpoBeieHO IHPYHAUOYAAPHY
pesekuito goctynom yepe3 JIA ta TK i3 BigHOB/IeHHAM
BTIII go 22 MM, yepe3 KUK BiJINOBIAHUN AUASATATOP
[erapa npoxouB BijibHO. ¥ Kijble JIA iMIJIaHTOBaHO
6iosioriyHu# KiaanaH po3mipom 23. LlisicHicTb cTOBGYpa
JIA BifiHOBJIEHO JIATKOMO i3 ayTomnepukapay. [I[poBegeHo
mnactuky TK 3a metogom DeVega, micaa yoro TK 6ysa
KOMIIETEHTHOIO 33 pe3y/IbTaTaMu BOAHOI MPO6H.

3HATO 3aTHCKay 3 aopTH, MaljiEHTa 3irpito, ymuiTo
npaBe IepejcepAs, MpOBeJeHO TIeMoCTa3 Micad-
omnepaliiHoi paHHu.

TpuBaJsicTh onepariii craHoBuJa 345 XB., 4yac nepe-
THUCKAHHS a0pTH - 135 XB., Yac TY4YHOTro KPOBOOOBIry -
195 xB. [lanieHTKa ekcTy6oBaHa 4yepe3 60 xB. micis
omneparii.

[licnssonepaniiiHuH epio/1 MpoOHIIOB 6€3 YCKIaJHEHD,
CIOCTepirasuch fBUILA 3aJIUMLIKOBOI JBOCTOPOHHBOI
inpapkT-nHeBMOHIi. [lanieHTKa BunvMcaHa Ha 25 00y y
3B’I3KY 3 MPOJIOHTOBAHOI0 aHTHUGIOTHKOTEpPATIIETO.

Pe3ysnbraT Ta 06GroBopeHHs. [lamienTka M. ye-
pes 4 micani micia oneparnii modyBae ce6e mo6pe, ToJle-
paHTHa A0 Gi3MYHUX HaBaHTAKEHb. 38 pe3y/IbTaTaMU
miaHoBoro o6crexkeHHss (EKI, TTEXOKI, KT opraniB
TPyAHOI KJIITKKM) MOKa3HUKHU HacTymHi: Ha EKI - putm
cunycoBu#, YCC 88 3a 1 xB, HemoBHa 6JI0Kaia MpaBoi
HiDXXKU nydKa ['ica, rinepTpodis mpaBoro nepeacepas. 3a
JanuMu TTEXOKT cnoctepirasiacsi moBHa KOMIETEHILis
ksamaHa JIA i TK (BigmoBigHo pucynku 1 i 2), a Takox
BiibHUK KpoBOTik Ha BTIIII i yepe3 mITy4YHUN KjamaH
i3 rpagieHTOM 3 MM PT. CT. (pUCYHOK 3), pakKIlist BUKUIY

PucyHok 2. Buensad TK 3 ¢izionoziyHow pe2ypeimauiero
Ha HboMy no daHum TTExoKI
IIpumimku: 1 - TPPOXCTYJIKOBUH KJIAaNaH Mic/s IIACTHUKH.
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+RVOT VTI

Vmax 87.5cm/s

Vmean 60.3 cm/s
Max PG 3 mmHg

Mean PG 2 mmHg
VTI 18.1cm

PucyHok 3. BumiptosaHHs epadieHmy mucky Ha bioknanari JIA 3a daHumu TTExoKI

JIII - 65 %. 3a janumu KT npocrexyBasnocsl MeTasleBe
OIIOPHE KijbLie 6iosioriuHoro npoTesa (pUCyHOK 4).

OTxe, y HalIOMy BUIIaAKy MU MaeMo cripaBy 3 BBC Ha
ocHOBI iHGyHUOYAsApHOTO cTeHo3y BTIIL, axuii npoTts-
roM 19 pokiB nepcuctyBaB y cepui nanienrta. Hapasi cno-
ctepiraetbcs IEKJIA, 110 yacTo ypaxkaeTbcs iHpeKlieo
y nmanieHTiB i3 BpogxeHoto o6cTpykuieto BTIIII (Hanpu-
kJaj, Tetpaga Pasno, iHpyHaubyasapHU cTeHo3) [6,7].
BaxsiMBo, 1106 ciMeliHi Jiikapi MaJu HacCTOPOXKEHICTb
110/10 NALLIEHTIB i3 HeKoperosaHuMu BBC, siki MatoTh BU-
COKHU PU3HUK PO3BUTKY iHPeEKLIIHOTO eHJOKapAUTY, Ta
cBo€4acHO HanpasJiaau ix Ha EXOKT y pasi rimeprepMii
1 3MiH y JJabOpaTOPHUX NOKa3HUKAX, XapaKTePHHUX s
3anaJIbHOI peakLlil opraHiaMy, fiK Lie CIOCTepirajaocs B
HalIOMY BUIIAJKY, i3 HofanbinM epeKTUBHUM Xipyprid-
HUM JIIKyBaHHSM.

BucHoBKM. CBo€vyacHa xXipypriuHa KopeklLis BpoJKe-

PucyHok 4. KT OTK

Ilpumimku: 1 - MeTaJsiiuHe onopHe KiJiblie 6ioKJanaHa.

HUX Ba/| Ceplisl 3 BiJHOBJIEHHSAM aHATOMIYHUX CTPYKTYP
yCyBa€ MPUYUHHO-HACIIJKOBUM 3B’I30K PO3BUTKY iH-
dekniliHOro eHZoKapAUTy. IMnaHTanisa 6iosoriyHoro

KJIallaHa B JieTeHeBy apTepilo € ONTUMaJbHUM i paju-
KaJIbHUM 3aXO/l0M [J1l BiJHOBJIEHHS reMOJWHaMiKU B
CHUCTeMI JiereHeBoi apTepil.
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Clinical Case of Surgical Correction of Infective Endocarditis of the Pulmonary Valve
Associated with Infundibular Stenosis in an Adult
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Abstract

Background. Congenital heart defects, if not surgically corrected in a timely manner, are a predictor for the
development of infective endocarditis, with the likelihood of its occurrence increasing with patient age.

Aim. To present a comprehensive approach to the surgical management of infective endocarditis during complete
correction of congenital heart disease.

Casereport. Patient M., 19 years old, was admitted to the Department of Cardiac Surgery of the Ternopil Regional
Clinical Hospital (VKTOKL) on 30.12.2024 (case history No. 22656) with a diagnosis of infective endocarditis of the
pulmonary artery valve (IEPAV), critical infundibular stenosis of the right ventricular outflow tract (RVOT), severe
tricuspid valve (TV) insufficiency, circulatory failure of the III degree according to the New York Heart Association
classification, concomitant bilateral infarct-pneumonia, and pulmonary failure of the II degree. On 03.01.2025, the
patient underwent surgery, which included removal of vegetations, sanitation of the pulmonary artery valve, RVOT,
and TV, resection of infundibular stenosis of the RVOT, prosthetic replacement of the pulmonary artery valve with
a size 23 bioprosthesis, and DeVega TV plasty under cardiopulmonary bypass. During the long-term follow-up, 4
months after surgery, the patient tolerated physical exertion well. Echocardiography revealed a gradient of 3 mm Hg
in the RVOT, with no insufficiency of the TV or pulmonary artery valve, and a left ventricular ejection fraction (LVEF)
of 65 %.

Conclusions. Timely surgical correction of congenital heart defects with restoration of anatomical structures
in the heart eliminates the cause-and-effect relationship leading to the development of infective endocarditis.The
implantation of a biological valve into the pulmonary artery represents the optimal and definitive procedure for
restoring hemodynamics in the pulmonary arterial system.

Keywords: congenital heart disease, obstruction right ventricular outflow, removing and sanitation vegetation,
biological valve replacement.
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MonaHHg cTaTTi
Ha enekTpoHHy azpecy peaakuii cvs-herald@ukr.net
a6o yepes calT http://cvs.org.ua Heo6xigHO HaZicIATH:

e pykomnuc (IpoxaHHSI aJleKBaTHO OLiHIOBATH pPO3Mip
¢daiiny, 3a HE06XiAHOCTI BUKOPUCTOBYBATH B TEKCTI
iIrocTpanil 3 po3Zi/IbHOK 3JATHICTIO, AOCTAaTHHOIO
JIIs TIeperyIsily Ha eKpaHi);

 yci imrocTparnii B KosibopoBoMy (AJ1s1 OHJIaHH-Bepcii)
Ta YOpHO-6is0My (/151 ApyKoBaHoi Bepcil) BUrazi B
0JlHOMY 3i cTaHZApTHUX rpadiyHux GpopMaTis;

e JIMCT-3a1BY BijJ KepiBHMKA YCTaHOBH, Je IpaLIOE
(-totp) aBTOp (-H), Wogo ny6.aikanii craTTi (cTaTei)
Ha iM’sI TOJIOBHOTO pelaKTopa XKypHaJIy;

e MHCHbMOBY peleH3iI0 HAyKOBOTO KepiBHUKA a60 J0K-
Topa HayK 3a npodeciiHuM HanpsAMOM (/114 aciipaH-
TiB i 3106yBayiB);

o iHdopmMauiro cTtocoBHO KOHPITIKTIB iHTEpeciB;

o iHdopmMauiro npo Bcix aBTOpIiB i KOHTAKTH BiJNOBI-
JaJIbHOI 0COOU.

[Hpopmarnis npo aBTOpPiB yKpalHCbKOIO Ta aHIJIIH-

CbKOIO0 MOBOIO NOJAETHCS 3 TAKOI GpopMO}o:

 TMpi3BHUIlE, iM'sl, 10 6ATHKOBI (MOBHICTIO);

e HAyKOBWH CTyNiHb, BU€HE 3BaHHS;

e TmocCajia, Micue po6oTH / HaB4YaHHS (HalMeHyBaHHS
yCTaHOBU ab0 opraxilamnii, B ToMy 4ucai migposainy,
Kxadespn);

o h-ingekc (Scopus Ta/a6o Web of Science Core
Collection), ORCID a6o ResearcherID

o azpeca (y Tomy uucai inaekc) i TesiedoH opranisanii;

e 0COOWCTA aJipeca eJIeKTPOHHOI MOIITH;

e IS BiJMOBiZasbHOI 0COO6W — HOMEpP MOGIJIBHOTO Te-
JedoHy;

o iHdopMauis mpo BHECOK KOKHOT'O aBTOpa y MpoBe-
JeHHA JOC/II/PKEHHA Ta NiATOTOBKY CTATTI.

YBATIA! Imena i npizeuuja He Kopuz2ylomucsi, OpyKy-
10MbCs1 8 a8MOPCHKIll pedakyii.

3aranbHi BUMOru

CrarTi B mamepoBiil Bepcii kypHasy my6JiKyIOTb-
Cs1 MOBOI OpHUTiHa/Iy — YKpPaiHChKOI a60 aHIVIIHCHKOIO.
Po3MinjeHHs BCix cTaTel aHIJIiMCbKOIO MOBOIO Ha CaMTi
KYPHAULY € 0608 ’I13K0BUM.

Pykonuc mae MicTUTH:

o iHgekc YIK;

e HA3BY CTATTi;

e IIpi3BHUILA TA iHiLiasu aBTOPIB;

e Ha3BY YCTAHOBH, /i€ MPALIOIOTh aBTOPH (SKIO aBTO-
piB JeKi/ibKa 1 BOHM NPALIOTh y Pi3HUX 3aK/I3JaX,
HeoOxigHO mepcoHidpikyBaTH iX mo3Hauykamu 1, 2, 3),
MicTa, KpaiHu (#7151 iHo3eMIiB);

e iJIOCTpaTUBHUU MaTepias;

e aHOTaliio Ta pedpepaT-pesroMe;

e CIIMCOK BUKOPUCTAHOI JIiTepaTypH B cTUJIi BankyBep
(ne meHme 50% i3 HaBeleHUX JpKepeJ Ma€ 6y TH OIy-

6J1iIKOBaHO BIPO/IOBX OCTAHHIX I'ITH POKiB). KoxxHe
JPKepeJsio Ma€E MICTUTU aKTHUBHe mocuJaHHs Ha DOI
(3a HasBHOCTI) a60 URL.

YHiKa/IbHiCTb TEKCTY CTATTi Ma€ 6yTe He MeHII 85%.

Jlna BciX HaZiclaHUX MaTepiasiiB BU3HAYAEThCA pi-
BEHb YHIKaJIbHOCTI aBTOPCBKOI'0 TEKCTY 3a J0IIOMOI0I0
BiAmoBizHOTO TWporpamMuHoro 3abesnedenHss Unicheck.
Pykomnucy, B AKMX BUABUJIM IJIAriaT YU TEKCTOBI 3aM103U-
YeHHs 06e3 MOCUJIaHb Ha NEePIIO/PKEPEIO, BiAXUIAIOTHCS
pefaKLi€ro XKypHay.

AHoTauina Ta pedepar-pesiome cTaTTi

AHoTallig mogaeThcss MOBOIO CTATTi: B HiK HEOGXIAHO
CTHCJIO PO3KPUTH METY, OCHOBHI MUTAaHHSA Ta NMPO6IeMHU
ctatTi, BUCHOBKH (06cAr - 20 1000 3HAKIB).

PedepaT-pestoMe mnofaeThcsd aHMIiACbKOIO a6o/
Ta YKpPaiHChKOK MOBOIO (3aJIe’KHO BiJi MOBU CTaTTi)
i HOBMHEH MaTH TaKy caMy CTPYKTYypy, sIK i cTaTTs:
«Bctyn», «MeTta po6oTtu», «Marepianu i meTogu»,
«Pe3ynbTaTH i 06roBopeHHsa», «BUCHOBKU» (006-
car - Big 1800 3HaKiB).

Y Bumazky, koau pedepaT-pe3toMe My6JIiKYETHCS
YKpaiHCbKOIO Ta aHIVIIKCBKOI MOBOIO, NepekJaj, Mae
OyTH SIKICHUM Ta iJeHTUYHUM, Ha3Ba YCTAHOBH MOBU-
HHa 36iraTucs 3 odiniiiHo0.

Knw4yogi csioBa. Mae 6yTh He MeHII 5 KJIFOUOBUX
c1iB abo CI0BOCIIONYYEHDb, HE BPAaXOBYIOUM CJIOBA Y 3a-
T'OJIOBKY.

CTaTTs yKpaiHCbKOIO MOBOIO:

e aHOTAIis yKpalHChKOI MOBOIO (06¢csT — 10 1000 3Ha-

KiB);

o pedepaT-pe3roMe aHIJIIHCbKOK MOBOIO (06CAT — Bif

1800 3HakiB).

CtaTTs aHIJIIMChKOIO MOBOIO:

e aHOTAIlis aHIVIIHCbKOI MOBOIO (06cAr — 10 1000 3Ha-

KiB);

o pedepaT-pe3roMe YKpaiHCHbKOI MOBOK (06CAT - Bif

1800 3HakiB).

Mepeknap, cTaTTi aHMiNCbKOIO MOBOIO

fAxmo cratTa AJsA ny6sikanii B IpyKoBaHiM Bepcil
)KypHaJly NIOJAETbCA YKPAlHCBKOI MOBOIO, i1 nepekJaj,
AHTJIINCHKOI0 MOBOIO JIJIs1 My6JTiKaIil Ha CalTi KypHaIy
http://cvs.org.ua Mae 6yTH IKICHUM Ta iJEeHTUYHUM.

bi6niorpadiuHnit onuc

He menme 50% mnocusianb Ma€ CTOCyBaTHUCS [Kepe,
ony6/IiKOBaHUX YNPOZAOBXK OCTaHHIX 5 POKiB, 6akaHO y
BU/IAHHSX, SIKi iHIEKCYIOTbCS HAYKOMETPUYHUMHU Hasza-
Mu Scopus Ta/a60 Web of Science Core Collection.

OdopMyIeHHS CIIKUCKY JIiTEPATYPH 3/[iHCHIOETHCS Biji-
noBigHO 1o cTuuto BankyBep (Vancouver style). JleTanb-
Hime puB. http://amosovinstitute.org.ua/wp-content/
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uploads/2017/03/Rekomendatsiyi-z-oformlennya-
posilan-v-naukovih-robotah.pdf

[ craTedd, HAalMCAHUX aHIVIICHKOI0 MOBOIO,
Ta nepekJjajiB craTell HA aHIIMCBKY MOCUJIaHHS Ha
JhKepeJsia, HallMCaHi KUPUJIKIer0, HeoOXiJHO Ha/laBaTH
JIaTUHUIEI (aHTJIIHChKOI a60 TPAHCITIT).

[Ipu TpaHcaiTepanii cis BAKOPUCTOBYBATH CTaH-
napt BGN / PCGN (United States Board on Geographic
Names / Permanent Committee on Geographical
Names for British Official Use), pekoMeHOBaHU#
MidkHapoaHuUM BugaBHUITBOM Oxford University
Press sk «British Standard». /[lng TpaHcaiTepanii
TeKCTy BiAnoBigHO A0 cTaHgapTy BGN Mo)xHa cKo-
pUCTATHCS MOCUJIAHHAMU:

PeueH3yBaHHS i peparyBaHHs

Bci HapicaHi B pefiakLiito CTaTTi NiAJIATalOTh pereH-
3yBaHHIO i peJlaryoThCs BiANOBIAHO 0 yMOB My0OJTiKa-
il B >KypHaJsi. 3a He0OXi/THOCTi CTAaTTSA MOXKe GYTH I0-
BEpHyTa aBTOpaM /[Jisl J0ONpalloBaHHA Ta BiJjOBiAil Ha
3anuTaHHA. KopekTypa aBTOpaM He BUCHUJIAETBCS, BCA
JoJpyKapcbKa MiATOTOBKA 3JIMCHIOETbCA peAaKLi€lo
3a aBTOPCBKUM OpUTiHa/MOM. BiixuieHi pykonucu aBTo-
paM He IOBEpPTAIThCA.

He npuiiMaroTbCs 10 APYKY CTATTI, OMyOJ/IiKOBaHi pa-
Hie abo HazicaaHi B iHIII BUJAHHS.

Bumorun po tekcry crarTi

CTpyKTypa CTaTTi Ma€ BifNoBiaTH 3arajbHONPUIA-
HATUM BUMOraM /[|J11 HayKOBHUX CTaTeH i ckJajgaTUCcA 3
TaKuX po3ainiB: «Bcryn», «kMeTa po6oTu», «MaTepia-
JI1 Ta MeTOAMN», «Pe3y/IbTaTU Ta 06roBopeHHA», «Bu-
CHOBKU».

CTaTTs NIOBMHHA MiCTUTH TaKi Heob6XigHi es1leMeH-
TH: IOCTAaHOBKA NPO06JIEMHU B 3araJlbHOMY BUIJIAAI Ta
il 3B’5130K i3 BaXXJINBUMU HAayKOBUMH a60 MpPaKTHUY-
HUMMU 3aBAAaHHSIMM, aHaJi3 OCTaHHIX AOCJi[XeHb i
ny6Jikalii, y SIKux 3a1o4aTKOBAaHO P03B’A3aHH i€l
npo6JieMH i Ha sIKi CHUPAETHCS aBTOP; BUJiJIEHHS He
pO3B’si3aHUX paHille YacTUH 3arajbHOI Mpo6seMH,
SIKUM NPUCBSAYYETHCA CTATTs; GOPMYJIOBAHHSA METH
CTaTTi; BUKJIAJ OCHOBHOTO MaTepiasy AOCJi[KeHHS
3 NMOBHUM OOIPYHTYBaHHSIM OTPUMaHHUX HAyKOBUX
pe3y/abTaTiB; BUCHOBKU NPOBEAEHOr0 JO0CaiJ»KeHHH
Ta MepCcHeKTHBU NOJAJbIIUX MOMYKIB Y [bOMY Ha-
npami.

Pe3toMe 10 cTATTI, B AKiM MyOJIiKYIOTbCS pe3ybTaTH
eKCIepUMeHTaJIbHUX [0C/Ii/)KeHb, IOBUHHO MaTH aHa-
JIOTIYHY CTPYKTYDY.

AKIo cTaTTd MICTUTH ONMUC €KCIIEPUMEHTIB Haj
TBapHWHAaMH, HeOOXiIHO 3a3HAYMTH, YM BiAmoBimasa
MeTo/luKa iX npoBeeHHsI [enbCiHKCbKIN Aekapanil
1975 p. Ta ii neperasany 1983 p., UM y3ro/KyHOThCs
MeTO/J 1 3HeOOJIEeHHs Ta M036aBJIE€HHS XXUTTS TBAPUH
i3 «[IpaBu1aMy BUKOHAHHS POOIT 3 BUKOPUCTAHHAM
eKCIepuMeHTaJbHUX TBapWH», 3aTBepPAKEHUMH Ha-
kazoMm MO3 YkpaiHu.

TexHiuHi BUMOrK

TekcT HabupawTb y penakTopi Microsoft Word
(6ymb-sikoi Bepcii) rapHiTypoto Times New Roman, 14
MYHKTIB 3 iHTepBasoM 1,5, 6e3 TabyATOpiB, 6€3 mepe-
HOCIiB y c/10Bax. Yci crieniaibHi 3HaKU HaOUPAKOTh 3a J0-
noMoroo koMaH/ «BcraBka/Crvmennms

Cknagni popmynu (tuny H . = Va® +b? +AH )
HabupawTh y peaakTopi dpopmy.. [IpocTti dopmynu (Tu-
My a + ¢) MO>XKHa HabUPATH B TEKCTI.

PucyHku, Tabuuni, iarpamu i opMysiu MaroTh 6y TH
BKJIIOUEH] B TEKCT.

Ta6iuni Heo6xiHO GyIyBaTH B peZlakTopi Microsoft
Word. KoxHa Ta6 vl MoBUHHA MaTH 3aroJoBOK i mmo-
PAAKOBUN HOMED.

[HImi imtocTpaTuBHI MaTepianu (poTorpadii, pucyH-
KH, KpecJIeHHS, iilarpaMy, Tpadiku To1[0) M03HAYAIOTh-
Cs 9K «pUC.» | HYMEpPYITbCA 3TiIHO 3 NOPAAKOM IX 3ra-
JlyBaHHS ¥ CTATTi.

Jiarpamu i rpadiku BHKOHyW0OTbCS y dopmarti MS
Excel a6o MS Graph. /lsist 3py4HOCTi BEPCTKHU J[0 HUX J0-
Jlal0Th BUXIi/IHI ZjaHi, 1[0 BUKOPHUCTOBYBAJHUCS AJ1s1 TO6Y-
JIOBY, Ta eJIEKTPOHHUU BapiaHT.

/l03BOJIIETBCA BUKOPUCTOBYBATH fAK 1arOcTpanii
4opHO-6isi pUCyHKH, BUKOHaHI npodeciiiHo BpyuHy. Ix
CKaHYIOTb i3 po3aisbHicTio 300 dpi, mogarTh y dopmari
TIF a6o JPG. [Ipy nboMy HaZIIUCH T TO3HAYEHHS MAKOTh
Oy TH YiTKUMH i JoOpe YUTATHCS TPU 3MEeHIIIeHHi 306pa-
»KEHH |0 PO3MipiB »KypHaJIbHOI KOJIOHKH.

doTorpadii, exorpamMu nMoJal0ThCS B OPUTiHATbHO-
My a60 eJIeKTPOHHOMY BUIVISA/i, CKAHOBaHI 3 pO3/1i/ib-
HicTio He MeHIe 300 dpi i 36epexxeHi y popmari TIFF
a6o JPEG.

[lepenpyKyBaHHSI CTaTeld MOXJ/IMBE JIMIIE 33 MHCh-
MOBOI 3ro/iv peJlaKiil Ta 3 TOCUJIaHHAM Ha KypHaJl.
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