BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.
Cepia «MeaunuuHar. 2024. T. 32. Ne 1(48). C. 40-48

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

The Journal of V.N. Karazin Kharkiv National University.
Series «Medicine». 2024;32(1(48)):40-48

DOI: https://doi.org/10.26565/2313-6693-2024-48-04

YIK: 616.127-089.844

oNon

3B’30K MEXCAHIYHOI AUCUHXPOHIl

MIOKApPAQ AIBOro LUAYHOYKA TA KiAbKOCTI YPAXKEHUX
KOPOHAPHUX ApTepin y XBOPUX HO KOPOHAPHY XBOPOOY cepus,
AKMM NMPOBOAUAACH PEBACKYASAPU3ALLIS

MexTtieBa ®aTtma Bapat kusu',
BinbyeHko 0.B.?

' https://orcid.org/0009-0002-8959-1013, e-mail: fatma.mehtieva@gmail.com
' https://orcid.org/0000-0003-3313-2547, e-mail: bilchenko.post@gmail.com

"XapkiecbKkull HaujoHanbHuUl yHisepcumem imeHi B.H. KapasiHa
Minicmepcmea oceimu i Hayku YkpaiHu, Xapkie, YkpaiHa
2Xapkiscbkull HayioHanbHUl MeOuyHUl yHisepcumem
Minicmepcmea oxopoHu 300poe’st YkpaiHu, Xapkie, YkpaiHa

The relationship between mechanical dyssynchrony
of the left ventricular myocardium and the number of affected
coronary arteries in patients with coronary heart disease

Mehtieva Fatma Barat kyzy',
' https://orcid.org/0000-0003-3313-2547, e-mail: bilchenko.post@gmail.com

Bilchenko 0.V.2

KAlo4oBi cAoBa:

OVCUHXPOHIA  Miokapaa, KOpoHapHa
xBopoba  cepud, peBacKynspusaduis,
TPUCYOVHHE YPaXEeHHSs, MPOrHo3yBaHHS,
cuctoniyHa  gucdyHkuisi,  AiactonivyHa
ancdyHKLis, KOPOHapHi aprepii,
kopoHaporpadis, SYNTAX SCORE.

AAf KOpEeCNOHAEHLi:

binbueHko OnekcaHOp Bikmoposuy
XapKiBCbkU  HaUOHaNbHUA  MEANYHUIA
yHiBepcuTeT  MiHicTepcTBa  OXOpOHM
300poB’sA YKpaiHu;

npocn. Hayku, 6ya. 4, M. XapkiB, YkpaiHa,
61022;

e-mail: bilchenko.post@gmail.com

© Mexmiesa ®amma bapam Ku3u,
binv4eHko O.B., 2024

who underwent revascularization
' https://orcid.org/0009-0002-8959-1013, e-mail: fatma.mehtieva@gmail.com

'V.N. Karazin Kharkiv National University

of the Ministry of Education and Science of Ukraine, Kharkiv, Ukraine
2Kharkiv National Medical University

of the Ministry of Health of Ukraine, Kharkiv, Ukraine

PE3IOME

AkTyanbHicTb. [lepcnekTMBHMM METOAOM PaHHbOTO  BUSBINEHHS  ANCHYHKLUIT
Miokapaa € oLiHKa MexaHi4HOiT QUCUHXPOHIT Miokapaa NiBoro WiyHouka, edpekTUBHICTb
BMKOPWCTaHHA AKOi B [AiarHOCTWLi TPUCYAMHHONO YpaXeHHs MoKa3aHa TifNbKu
B €4MHOMY OOCHIOKEHHI | NoTpebye noaanbLIoro BUBYEHHS.

MeTta po6otu. OuiHUTK 3B’A30K KiNbKOCTi ypaXeHUX KOPOHapHUX apTepilt 3 HasBHICTIO
MeXxaHiYHOi AMCUHXPOHIi Miokapaa Ta ii 3HaYeHHs B NPOrHO3yBaHHiI TPUCYAMHHOIO
ypakeHHs Y XBOpMX 3 KOPOHapHO XBOPoboto cepus.

Marepianu Ta metoau. Y pocnigkeHHs Gynu BkrouveHi 134 xBopux, SIKUM NpPOBO-
avnacb KopoHapoaHriorpadis 3 peBacKynspusauielo KOpoHapHuX aptepiin. XBopi
PO3MOAINANMUCL Ha rpynu MOPIBHAHHSA B 3aneXHOCTi Bif, KiMbKOCTi ypa)KeHWX Kopo-
HapHuX apTepin (0e3 ypaxeHHs, ogHa, OBi Ta TpPM KOpoHapHi apTepii). Bcim xBopum
BM3HAYanu MoOKa3HUKN MEXaHiYHOI OUCUHXPOHIT Miokapaa 3a [OoMoMOrok ynsTpa-
3BYKOBOTO [AOCMIIXEHHS Cepus 3 BMKOPUCTaHHAM [OMNMNEepiBCbKOro AOCHIIKEHHS
Ta CUHXpOHi3auieto 3 EKT.

PesynbraTty Ta ix o6roBopeHHsi. Hanbinblia BigHOCHa KiNbKiCTb XBOPUX 3 AWCUHXPO-
Hielo Miokapga Oyna B rpyni 3 ypakeHHsM TPbOX KOpOHapHuXx aptepii — 23 (52%),
HasiBHICTb OMCUHXPOHIi Miokapay mamna poctoBipHy kopensuito 3 SYNTAX SCORE
(r=0,18, p = 0,035). Yac nepecyBaHHsI B aOpPTy Yy XBOPUX 3 ypaKeHHAM TPbOX KOpOHap-
HUX apTepii OOCTOBIPHO Oinblie, NMpoOTe 4Yac nepecyBaHHS B JIEreHeBy apTepito
OHAaKOBWUM y rpynax MopiBHSAHHA. BHacnigok Uiei pisHWLi MiXLLMTyHOYKOBa MexaHiyHa
3aTpMMKa [OCTOBIpHO Oinblue B rpyni 3 YpaKeHHAM TpbO KOPOHApHWX apTepin
(54,8 £ 36,6 mc; p = 0,043). Yac go niky CUCTONIYHOI LUBUAKOCTI B rpyni 3 ypaXKeHHAM
TPbOX KOPOHApHWUX apTepi pocToBipHO Oinbwe (32,1 + 8,0 mc; p = 0,021),
B MOPIBHSHHI 3 rpyno XBopux 6e3 aTepoCKNepoTUYHOMO YpaXeHHs, Ta Mae Mo3nTuB-
HUI KopensauiiHMi 3B’a3ok (r = 0,190, p = 0,003). ROC aHani3 npeanKTopHUX
MOXITMBOCTEN YPaKEHHS TPbOX KOPOHApHMX apTepit kombiHauii cakTopiB HasB-
HOCTi OWMCUHXPOHIi MiokapAa, dpakuii BUKMAy MiBOrO LUMYHOYKa, iHTEPBEHTpU-
KYNAPHOI MeXaHiYHOI 3aTPpUMKKM, cepefHbOKBaAPaTUYHOTO BiOAXWIEHHSI Yacy A0 Niky
CUCTOMIYHOI LUIBMAKOCTI Ta cniBBigHOLWeHHs E/A nokasaB goctaTtHio YytnueicTb (0,89)
Ta cneuymdiynicTs (0,87).

BucHoBKU. XBOpi 3 ypaXeHHAM TpbOX KOPOHapHWX apTepii MalTb [OCTOBIPHO
BUMLLY BiJHOCHY YacCTOTy MeXaHiYHOI AMCUHXPOHIi MioKapAy, B MOPIBHSAHHI 3 XBOPWMM
6e3 ypaxkeHHS Ta 3 ypaxeHHsIM ofHiei abo ABOX KOpPOHapHWX apTepiil; BMABMEHO
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ABSTRACT

Background. A promising method for early detection of myocardial dysfunction
is the evaluation of mechanical dyssynchrony of the left ventricular myocardium,
the prognostic value of which in the diagnosis of 3-vessel lesions was shown only
in a single study and requires further confirmation.

Purpose — to assess the relationship between the number of affected coronary
arteries and the presence of mechanical dyssynchrony of the myocardium, and its
significance in predicting 3-vessel lesions in patients with coronary heart disease.
Materials and Methods. 134 patients who underwent coronary angiography with
revascularization of coronary arteries were included in the study. Patients were divided
into comparison groups depending on the number of affected coronary arteries (without
lesions, one, two and three coronary arteries). Variables of mechanical myocardial
dyssynchrony were determined for all patients by ultrasound examination of the
heart using Doppler examination and synchronization with the ECG.

Results. The largest relative number of patients with myocardial dyssynchrony was
observed in the group with lesions of 3 coronary arteries — 23 (52%). The presence
of myocardial dyssynchrony had a significant correlation with SYNTAX SCORE
(r=0.18, p=0.035). The aortic pre-ejection interval in the group of patients with lesions
of 3 coronary arteries was significantly longer compared to the group of patients
without lesions of the coronary arteries, however, the pulmonary pre-ejection
interval was the same in the comparison groups. As a result of this difference,
interventricular mechanical delay was significantly greater in the group of patients
with occlusion of 3 coronary arteries (54,8+36,6 ms; p=0,043). The time to peak systolic
velocity in the group of patients with lesions of 3 coronary arteries was significantly
longer (32,148,0 ms; p=0,021) compared to the group of patients without athero-
sclerotic lesions, which was confirmed by a positive correlation (r=0.190, p=0.003).
The ROC analysis of the predictive capabilities of the combination of the factors
of the presence of myocardial dyssynchrony, left ventricular ejection fraction, inter-
ventricular mechanical delay, root mean square deviation of the time to the peak
of systolic velocity, and the E/A ratio in relation to lesions of 3 coronary arteries
showed sufficient sensitivity (0.89) and specificity (0.87).

Conclusions. Patients with lesions to 3 coronary arteries have a significantly
higher relative frequency of mechanical myocardial dyssynchrony compared to
patients without and lesions of 1 or 2 coronary arteries; correlation of myocardial
dyssynchrony with 3-vessel lesions and SYNTAX SCORE was also found.
The combination of variables of myocardial dyssynchrony in terms of predicting
3-vessel occlusion of coronary arteries has sufficient sensitivity and specificity.

Mehtieva Fatma Barat kyzy, Bilchenko OV. The relationship between mechanical dyssynchrony of the left
ventricular myocardium and the number of affected coronary arteries in patients with coronary heart disease who

underwent revascularization.
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BCTYN

INTRODUCTION

OOHVMM 3 NEepcrnekTUBHWX METOAIB PaHHbOrO BUSB-
NeHHs gucdyHKUiT Miokapaa € oOuiHKa MeXaHidHoi
OUCUHXPOHIT miokapga (OM) niBoro wnyHouka [1].
OCHOBHVMMM HanpsiMKamy BUKOPUCTaHHA Moka3Hukie M
Yy XBOPUX Ha KOpOHapHy xBopoby cepusa (KXC), kpim
NPOrHO3yBaHHA BI4MNOBIAI HA PECUMHXPOHI3y4y Tepanito
€ OuiHKa BIpOrigHOCTI CepueBO-CYOMHHUX Moai Ta
BUSIBMEHHA ribepHizoBaHoro miokapaa [2]. 3a panumun

The assessment of mechanical myocardial dyssyn-
chrony (MD) of the left ventricle is one of the promising
methods of early detection of myocardial dysfunction [1].
The assessment of the probability of cardiovascular
events and the detection of hibernating myocardium
are the main directions of using MD indicators in patients
with coronary heart disease (CHD), in addition to
predicting the response to resynchronization therapy [2].
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obMeXxeHoi KiNbKoCTi AoCnimkeHb Malke odHa TpeTuHa
nauieHTiB 3 KXC mana 3HadHy [IM, sika acouitoBanacb
3 nonepeaHiM iHpapKToM Miokapaa Ta HasIBHICTHO iemil
Miokapga, npoTe, nonepeaHe 4YepesLKipHe KOopoHapHe
BTpy4aHHs (YKB) Ta aopTokopoHapHe LWyHTYBaHHSA
(AKLL) He 6ynu HesanexHumu npegukTopamu OM [3].
lemogmHamiyHMMKn - dakTopamn, nos’sasaHummn 3 OM,
€ CKOpouyBarbHa 34aTHICTb Miokapaa, MnocTHaBaHTa-
XKEHHS1 Ha LUMYHOYKM Ta YacToTa CepLEeBUX CKOPOYEHb,
OfdHaK CMiBBIAHOWEHHA MK UMMM bakTopamu Bigpis-
HSINOCS NPOTAroM cepueBoro umkny [4]. 3meHweHHs OM
nicna pesackynsipusauii € KOPUCHUM Afs NPOrHo3y-
BaHHS MOKpAaLLEeHHs1 nMporHo3y y nadieHtiB 3 KXC [5, 6].
OcTaHHIM 4acoM BWBYAETLCHA pPONb MokasHukie [OM
y NiABULLEHHI OiarHOCTUYHOI TOYHOCTI BUSABNEHHS TPUCY-
AvHHoi KXC, OCKinbKM HasiBHICTb Y XBOPOrO YpaXKEHHS
TPbOX KOpOHapHux apTepin (KA) Bu3Hayae 3MiHy
nofanbLUoi TakTUKN MiKyBaHHS Ta € OOHWM i3 KpuTepiiB
NpoBedeHHA peBacKkynsapu3auii y XBOpUX 3 XPOHiy-
Hoto KXC [7-9]. lMpote, 4yTnuBicTb Ta chneumndivHiCcTb
BMKOPWUCTaHHA nokasHukis M B giarHocTuui TpucyavH-
HOrO YpaXXeHHs MNokasaHa TiNbkM B €OUHOMY OAHO-
LEeHTPOBOMY [JOChifKeHHi i noTpebye nopanbLioro
BmBYeHHsA [10, 11].

MeTta po60TU — OUIHWTU 3B’A30K KiNbKOCTI ypaxe-
Hux KA i HasBHOCTIi MexaHiyHoi [OM, Ta ii 3Ha4yeHHs
B MNPOrHO3yBaHHi TPWCYAMHHOIO YPaXEHHS Yy XBOPWX
Ha KXC, sikum npoBogunacb peBackynspusadis.

MATEPIAAU TA METOAU AOCAIAXEHHSA

lMpoBegeHe opgHoUeHTpoBe p[ocnigXeHHs Ha 6asi
KapaionoriyHoro  BigAineHHs  XapkiBCbKOi  KriHiYHOT
nikapHi Ha 3anisHu4yHomy TpaHcnopti Ne1 B pamkax
HaykoBoi Temu «[laToreHeTu4Hi MexaHi3Mu PO3BUTKY
XPOHIYHOI CcepLeBoi HedoCTaTHOCTI Ta meToaum i KO-
pekKuii y XBOpMX 3 KOPOHApHO XxBopoboto cepusa». B go-
CMigXeHHs BKMYanucb XBOPi, SKUM npoBoaunach
KopoHapoaHriorpadia 3 pesackynsapusauieto KA 3rigHo
3 pekoMeHAauisMu €BponencbKoro ToBapucTea Kapgio-
noris 2018 poky [12]. [JocnigXeHHs [03BOMEHO KOMICito
3 bioeTmkn HaB4yanbHO-HayKOBOro iHCTUTYTY nicns-
OUNAOMHOI OCBiTM XapKiBCbKOro HauioHaneHOro meamyd-
Horo yHiBepcuteTy MiHicTepcTBa OXOpPOHW 3[40pPOB’A
YkpaiHn, BCi XBOpi CaMOCTIMHO nignmucanu iHdopmo-
BaHy 3rody Ha y4yacTb Yy HAayKOBOMY HeiHTEpBEHLiNHOMY
KNiHIYHOMY OOCTIiAXKEHHI.

Y pocnigxeHHsa Oynu  BknwoueHi 134 xBopwx,
3 akmx 105 yonosikiB (78,4%) Ta 29 xiHok (21,6%)
Bikom 56,2 + 9,7 poku. Y 64,1% xBopux giarHocToBaHa
apTtepianbHa rinepteHsia, 56,7% manu XpoHidyHYy cep-
ueBy HepocTaTHicTb, 44,0% cynyTHi uykpoBuin aiabet
2-ro Tuny. XBOpi PO3NOAINANUCL Ha YOTUPW Tpynu
MOPIBHAHHA B 3anNeXHOCTi Big KiNbKOCTi ypaxeHux KA
3a JaHumn KopoHapoaHriorpadii: B nepuly yBsilLAW
26 xBopuX, B AKMX He Oyno BuUsiBMEHO ypaxeHHs KA,
B 2-ry rpyny BkmntoveHi 35 xBopux, B Skmx 6yno BUsSBNEHO
aTepocknepotTudHe ypaxeHHss opHiei KA (mepgiaHa
SYNTAX SCORE 2.00 (0-18; 95% Al 0,562-3,44)),
B 3-Tio rpyny — 29 xBopuX 3 ypakeHHAM ABox KA (meaiaHa
SYNTAX SCORE 5,00 (0-27; 95% Al 0,655-9,35)) Ta
B 4-Ty rpyny — 44 xBopux 3 ypaxeHHAM Tpbox KA (meaiaHa
SYNTAX SCORE 8.00 (2 — 25; 95% [I 5,361-10,64)).

According to a limited number of studies, almost one-third
of patients with CHD had significant MD, which was
associated with previous myocardial infarction and the
presence of myocardial ischemia, however, previous
percutaneous coronary intervention (PCl) and coronary
artery bypass grafting (CABG) were not independent
predictors of MD [3].

Hemodynamic factors which associated with MD
are myocardial contractility, ventricular afterload, and
heart rate, but the relationship between these factors
varied throughout the cardiac cycle [4]. MD reduction
after revascularization is useful for predicting improved
prognosis in patients with CHD [5, 6]. Recently, the role
of MD indicators in increasing the diagnostic accuracy
of detecting 3-vessel CHD has been studied, since
the presence of a lesion of 3 coronary arteries (CA)
in a patient determines a change in further treatment
tactics and is one of the criteria for revascularization
in patients with chronic CHD [7-9]. However, at present,
the sensitivity and specificity of the use of MD indica-
tors in the diagnosis of 3 vascular lesions has been
shown only in a single single-center study and requires
further study [10, 11].

Objective — to evaluate the relationship between the
number of affected CAs and the presence of mechanical
MD, and its value in predicting 3 vascular lesions in
patients with CHD who underwent revascularization.

MATERIALS AND METHODS

A single-center investigation was conducted on the
basis of the cardiology department of the Kharkiv
Clinical Hospital on railway transport No. 1 within the
framework of the scientific topic «Pathogenetic
mechanisms of the development of chronic heart failure
and methods of its correction in patients with coronary
heart disease», No. 0122U600032. The investigation
included patients who underwent coronary angiography
with CA revascularization according to the recommen-
dations of the European Society of Cardiology in
2018 [12]. The study was approved by the bioethics
commission of the Institute of Postgraduate Education
of the Kharkiv National Medical University of the
Ministry of Health of Ukraine, all patients indepen-
dently signed informed consent to participate in
a scientific non-interventional clinical investigation.

134 patients were included in the investigation, of
which 105 men (78.4%) and 29 women (21.6%) aged
56.2+9.7 years. 64.1% of patients the hypertension
was diagnosed, 56.7% had chronic heart failure, and
44.0% had type Il diabetes mellitus. Patients were
divided into 4 groups of comparison depending on the
number of affected CAs according to coronary angio-
graphy data. The first group included 26 patients which
had no CA damage, the 2" group included 35 patients
in whom atherosclerotic lesions of one CA were detec-
ted (median SYNTAX SCORE 2.00 (0 — 18; 95% CI
0.562-3.44)), the 3¢ group consists 29 patients with
lesions of two CA (median SYNTAX SCORE 5.00
(0 — 27; 95% CI 0.655-9.35)) and the 4™ group consists
44 patients with lesions of three CA (median SYNTAX
SCORE 8.00 (2 — 25; 95% CI 5.361 —10.64)).
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Bcim xBOpMM o npoBeaeHHA KopoHaporpadii Bu3Ha-
Yanu nokasHuku MmexadivyHoi OM: SPWMD (3atpumky
akTuBauii 3agHebivHOT CTiHKM niBoro wnyHouvka), APEI
(yac nepecyBaHHsi B aopTy, PPEl (4ac nepecyBaHHs
B nereHesy apTtepito), IVMD (iHTepBeHTpuKynspHa mexa-
HiYHa 3aTpuMKa), sika BKMYae 3anvc BUXIOHOTO TPaKTy
JILL (BepxiBkOBUIM M'ATUKAMEPHWA BWA) i BUXIZHOIO
TpakTy [N (napactepHanbHWiA BUA MaricTpanbHUX Cy-
OVH 32 KOpPOTKOK BiCCl) i 0OYMCNEHHS pisHWUi B 4aci
MiX noyatkom 3y6usa Q Ha EKI i noyatkom BigToky JLLU
i yacoMm Mix noyatkoM Q i noyatkom BigToky MW, LVFT
(4ac HanoBHeHHS niBoro wwnyHouka), LVET (4ac BUrHaHHs
3 nieoro wnyHou4ka), IVRT (4ac izoBontoMiyHoro po3scnab-
nenHs JNUW), DT (4ac ynoBinbHEHHS MOTOKY pPaHHbOIO
HanoBHEHHSI LINyHOUYKIB), To (Y4ac Big novaTky KOMMeKcy
QRS po novatky nikoBoi cucTonivHoi wemakocTi), To-SD
(cepeoHbOKBaApaTUYHE BiOXWMEHHSI Yacy [0 MoyaTtky
cucToniyHoi wemakocTi JIW), Ts (4ac go niky cuctoniy-
Hoi wBuakocTi), Ts-SD cepeaHbOKBAAPaTUYHOIO BigXK-
neHHa 4Yacy Ao niky cuctonivyHoi wswuakocti  JIL,
3a [J0MOMOroK YrbTPa3ByKOBOIO [OCHIMKEHHS cepusi
Ha anapati SiemensAcUSONSC 2000, (CLUA) srigHo
3 MDKHapogHUMM  pekomeHgauiaMn  AMepukaHCbKOT
CrniNbHOTK 3 exokapgiorpadii Ta €ponencbkoi acouiadii
KapgioBackynsipHoro 3o6paxeHHs [13] 3 BukopucTaH-
HAM pdatymka Big 3,5 go 7 MIu. bynu BukopuctaHi
M-pexum, 2D-pexnm, iMnynbCHO-XBUNBbOBA Ta TKAHWHHA
ponnneporpacdisa 3rigHO 3 3aranbHOMNPUAHATOK METOoAM-
koto [14]. Exo-KI' cuHxpoHizyBanu 3 peectpauieto EKIM
Y YOTUPbLOX CEepLIEBUX LMKNax 3i CTaH4aPTHMX JOCTYMIB.

EnektpoHHa 6asa pgaHux copmyBanacb 3a [OMo-
mMoroto nporpamu Excel for Windows, cratuctnynmii
aHania  MpoBoAMBCA  3a  [OMOMOrOK  Mporpamu
Jamovi-2.4.11. [Ina nepeBipkM rinote3anm HOpMarbHOCTI
po3nogineHHs BukopucToByBanu TecT KonmoropoBa—
CwmipHoBa. 3 MeTOH NepeBipkM PIBHOCTI cepedHix 3Ha-
YyeHb y ABOX BuBipkax npu HOpManbHOMY po3nogini
BMKopucTtoByBanu t-kputepii CTblogeHTa ansa Hesa-
nexHux BMOIpOK, a npwu po3nogini, BiAMIHHOMY Bif
HOpMarnbHOro, BMKOpUCTOBYBanu kKpuTepin Kpackena—
Yonneca. KopenauinHuii aHania npoBO4MBCA 3 BUKOPUC-
TaHHAM  KoedilieHTy kopensuii  paHry  CnipmeHa.
YyTnueicTb Ta cneumdivHicTb nokasHukis M y giarHoc-
TUUi TpucyauMHHoro ypaxeHHs KA ouiHioBanu 3a gono-
moroto ROC aHanisy. [oBipuuin iHTepBan BCTaHOBMO-
BaBCs Ha piBHI 95%.

PE3YABTATU TA IX OBFOBOPEHHS

Y nepuwin rpyni 6 xsopux (23%) manu AUCUHXPOHIO
Mmiokapga, B Apyrin rpyni — 12 (34%), B TpeTin rpyni —
8 xBopux (27,5%). Hanbinblua BigHOCHA KiNbKiCTb XBOPUX
3 1M cnoctepiranacbk y rpyni 3 ypaxeHHaM Tpbox KA —
23 (52%). Xsopi 3 AM manu Ginbwmin SYNTAX SCORE
(mepiana 5,00 (0-27; 95% [l 1,05-3,95) B NOpiBHSAHHI
3 xsopumun 6e3 OM (vegmiaHa 2,50 (0 — 18; 95% QI
3,05-6,95), Takox HasBHicTb [IM mMana [JoCTOBipHY
kopensuito 3 SYNTAX SCORE (r = 0,18, p = 0,035).

®pakuia Bukugy nisoro wnyHodka (®B W) y rpyni
XBOpUX 3 ypaKeHHsM TpboxX KA Byna JOCTOBIPHO HMXYe,
B MOPIBHAHHI 3 rpynammu xsopux 6e3 ypaxeHHa KA,
Ta Mana MOMIpHOI CUNW HeraTMBHUA KopensuinHun
3B’A30K 3 KinbkicTio ypaxeHux KA (r = -0,312, p = 0,028).

Mechanical MD parameters were determined for

all patients before coronary angiography, SPWMD
(left ventricular posterior wall activation delay),
APEIl (aortic transit time, PPEIl (pulmonary artery

transit time), IVMD (interventricular mechanical delay),
which includes recording of the LV outflow tract
(apical 5-chamber view) and the LV outflow tract
(parasternal view of the main vessels along the short axis)
and calculation of the time difference between the
beginning of the Q wave on the ECG and the beginning
of LV outflow and the time between the beginning
of Q and the beginning of LV outflow, LVFT (left ven-
tricular filling time ventricle), LVET (left ventricular
ejection time), IVRT (LV isovolumic relaxation time),
DT (deceleration time of early ventricular filling flow),
To (time from the beginning of the QRS complex to the
beginning of the peak systolic velocity), To-SD (mean
standard deviation time to the onset of LV systolic
velocity), Ts (time to peak systolic velocity), Ts-SD of the
mean standard deviation of the time to peak LV systolic
velocity — (Yu index) using ultrasound of the heart on
the SiemensAcUSONSC 2000 device, (USA) according
to the international recommendations of the American
of the echocardiography community and the European
Association for Cardiovascular Imaging [13] using
a 3.5to 7 MHz sensor.

The following were used: M-mode, 2D-mode, pulse-
wave and tissue dopplerography according to generally
accepted methods [14]. Echo-KG was synchronized
with ECG registration in four cardiac cycles from
standard accesses.

The electronic database was created using the
Excel for Windows program, statistical analysis
was performed using the Jamovi-2.4.11 program.
The Kolmogorov—Smirnov test was used to test the
hypothesis of normality of distribution. In order to check
the equality of mean values in two selective totalities,
the Student’s t-test for independent selective totalities
was used for a normal distribution, and the Kruskel—
Wallace test was used for a non-normal distribution.
Correlation analysis was performed using Spearman’s
rank correlation coefficient. The sensitivity and speci-
ficity of MD indicators in the diagnosis of 3 vascular
lesions of CA were evaluated using ROC analysis.
The confidence interval was set at the level of 95%.

RESULTS AND DISCUSSION

The 6 patients (23%) in the first group had myocardial
dyssynchrony, 12 patients (34%) — in the second group,
and 8 patients (27.5%) in the third group. The largest
relative number of patients with MD was observed
in the group with lesions of 3 CAs — 23 (52%). Patients
with MD had a higher SYNTAX SCORE (median 5.00
(0 — 27; 95% CIl 1.05-3.95)) compared to patients
without MD (median 2.50 (0 — 18; 95% CI 3.05-6.95),
also the presence of MD had a significant correlation
with SYNTAX SCORE (r=0.18, p=0.035).

The left ventricular ejection fraction (LVEF) in the group
of patients with lesions of 3 CAs was significantly lower
compared to the groups of patients without CA lesions
and had a moderately strong negative correlation with
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MokasHuk APEI y rpyni xBopux 3 ypaxeHHsaM Tpbox KA
O6yB OOCTOBIpHO Ginbliue B MOPIBHAHHI 3 rpynoK XBOpUX
6e3 ypaxeHHs KA (p = 0,049) B TOM e 4ac NOKasHWK
PPEI 6yB ogHakoBMM Yy rpynax MopiBHSHHS. BHacnigok
Uiei pisHMUi nokasHWK MixwnyHodkosoi M IVMD 6ys
JocToBipHO Ginblie B 4-1 rpyni XBOpUX B MOPIBHSHHI
3 xBopumun 6e3 ypaxeHHs KA (p = 0,043) (tabnuvus 1)
i MaB [OOCTOBIPHUA KOPENAUiNnHUIA 3B’SI30K 3 KiNbKiCTIO
ypaxeHux KA (r = 0,153, p = 0,011), npoTte He kopenioBas
3 SYNTAX SCORE.

the number of affected CAs (r=-0.312, p=0.028).
The APEI index in the group of patients with lesions
of 3 CAs was significantly higher in comparison with the
group of patients without CA lesions (p=0.049), while
the PPEI index was the same in groups of the com-
parison. As a result of this difference, the indicator of
interventricular MD IVMD was significantly higher in the
4" group of patients compared to patients without CA
lesions (p=0.043) (table 1) and had a reliable correlation
with the number of affected CAs (r=0.153, p=0.011),
but did not correlate with SYNTAX SCORE.

Tabnuus 1. MNMoka3Huku mexaHivyHoi [IM y xBopux Ha KXC 3anexHo Big KinbKkocTi ypaxeHux KA
3a AaHMMK KopoHapoaHriorpadii (M+sd)
Table 1. Variables of mechanical MD in patients with CHD depending on the number of affected coronary arteries
according to coronary angiography data (Msd)

KinbkicTb ypaxxeHnx kopoHapHux aptepii / Number of affected coronary arteries
[Moka3HukK, Mc I'pyna 1 / Group 1 lpyna 2 / Group 2 Ipyna 3 / Group 3 lpyna 4 / Group 4
Indexes, ms 1" o3 ypawers / without damage 1KA / 1CA 2KA / 2CA 3KA / 3CA

(n = 26) (n = 35) (n =29) (n=44)
SPWMD 43,3+23,5 47,8 £32,2 51,1+37,7 56,3 + 38,0
APEI 106,6 + 23,0 110,0 + 28,8 112,1£32,0 120,0 + 31,5*
PPEI 66,4 + 4,6 64,9 +8,9 65,1+9,2 66,3 £ 9,2
IVMD 41,3247 459+ 31,3 47,7+353 54,8 + 36,6*
LVFT 53,3+7,0 51,5+8,2 51,6+9,2 49,3 +9,8*
LVET 331,3+20,2 3272214 329,5+24,6 334,6 +28,4
IVRT 76,8+6,9 75,477 75,4 +87 755+9,3
DT 2152+19,4 215,4 + 25,2 213,1+28,0 211,4 £ 30,9
To-SD 15,0+2,4 15,6 + 3,9 15,5+ 4,2 16,6 + 4,1
Ts-SD 27,8+6,3 29,5+8,3 28,9+8,9 32,1+38,0*

lMpumimku: MokasHuku OM:

SPWMD - 3atpumka akTuBaLii 3agHebiuHoi cTiHkm J1LL;

APEI — yac nepecyBaHHs B aopTy;
PPEI — yac nepecyBaHHs B NiereHeBy apTepito;
IVMD — MiXLLITYHOYKOBa MEXaHiYHa 3aTpuMKa;

LVFT — yac HanoBHeHHs J1LW, LVET — yac BurHanHs 3 J1L;

IVRT — yac izoBontoMiyHoro poscnabnents JiLL);

DT — yac ynoBinbHEHHS1 MOTOKY paHHBbOrO HAMOBHEHHS LLITYHOYKIB;
To — vac Big noyatky komnnekcy QRS 0o noyatky MikoBOi CUCTONIYHOI LUBUAKOCTI;
To-SD — cepenHbOKBagpaTUYHe BigXUIIEHHS Yacy A0 novaTky CUCTOMiYHOI WwaeuakocTi JILL;

Ts — yac [0 NiKy CUCTOMIYHOI LWBUAKOCTI;

Ts-SD — cepenHbOKBaZpaTUYHe BiAXMIEHHS Yacy A0 niky cuctonivyHoi weuakocTi J1L;

* — p < 0,05 mix rpynamu nopiBHAHHS 1-i Ta 4-i

MD indicators:

SPWMD - LV posterior wall activation delay;
APEI — aortic transit time;

PPEI — pulmonary artery transit time;

IVMD - interventricular mechanical delay;
LVFT — LV filling time;

LVET - LV ejection time;

IVRT — time isovolumic relaxation of the LV);

Notes:

DT - the time of slowing down of the flow of early ventricular filling;
To — the time from the beginning of the QRS complex to the beginning of the peak systolic velocity;
To-SD - the root mean square deviation of the time to the beginning of the systolic velocity of the LV;

Ts — the time to the peak of the systolic velocity;

Ts-SD — of mean standard deviation of time to peak LV systolic velocity;

* — p<0.05 between comparison groups 1 and 4

MokasHuk aTtpioBeHTpukynapHoi OM LVFT B 4-11 rpyni
xBopux ByB AOCTOBIpHO Ginblue B MOPIBHSAHHI 3 rpynoto
xBopux 6e3 ypaxeHHs KA (p = 0,0031), Ta maB gocto-
BipHy kopensiito 3 SYNTAX SCORE (r=0,217, p=0,011),

The indicator of atrio-ventricular MD LVFT in the
4™ group of patients was significantly higher in comparison
with the group of patients without CA lesions (p=0.0031)
and had a significant correlation with SYNTAX SCORE
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a LVET He Bigpi3HABCS OOCTOBIPHO MiX rpynamu nopis-
HsiHHA. Cepen NOKa3HMKIB BHYTPILLUHbO-BEHTPUKYNAPHOT
IOM vac To maB TeHAeHL0 A0 36iNbLUEHHS B rpyni XBOPUX
3 ypaxeHHsM Tpbox KA B NOpPIBHAHHI 3 rpynol XBOpUX
6e3 ypaxxeHb KA, ane pi3HuUsi He Jocsirna 4OCTOBIPHOCTI.
MpoTte, yac Ts y rpyni XBOpuX 3 ypaxeHHsM Tpbox KA
OyB OOCTOBIpHO Ginblue B MOPIBHAHHI 3 rPynol XBOPUX
6e3 ypaxeHHss KA (p = 0,021), wo niaTBepaxyBanocb
NO3NTUBHUM  KopensuinHum  38’sskom  (r = 0,190,
p = 0,003). SPWMD He 6GyB noB’si3aHWiA 3 KiNbKiCTO
ypaxeHux KA, npote MaB [OCTOBIpHY KOpensuito
3SYNTAXSCORE (r=0,197,p =0,021). CniBBigHOLUEHHS
E/A mano TeHgeHujito o 36inblieHHst B rpyni 4 B nopie-
HAHHI 3 rpynoto 1 Ta Mano AOCTOBIPHWUIA Kopensuin-
HUM 3B'A30K 3 KinbkicTio KA 3 arepocknepoTU4HUM
ypaxeHHsam (0,159, p = 0,042) ta 3 SYNTAX SCORE
(r=0,222, p = 0,009).

MpoegeHun ROC aHani3 NporHOCTUYHMX MOXTMBOC-
Ten kombiHauii dakTopiB: HassHocTi OM, OBIW (%),
nokasHukis IVMD (mc), Ts-SD (mc) Ta E/A wopo ypa-
XeHHs1 Tpbox KA (puc. 1).

1.00 . 4

0.75 4

0.50

Sensitivity
YyTnueicte

0.25 1

0.00

(r=0.217, p=0.011), and LVET did not differ signifi-
cantly between groups of comparison. Among the indica-
tors of intraventricular MD, the «To» time had a tendency
to increase in the group of patients with lesions of 3 CAs
in comparison with the group of patients without lesions
of CAs, but the difference did not reach significance.
However, Ts time in the group of patients with lesions
of 3 CAs was significantly longer compared to the group
of patients without CA lesions (p=0.021), which was
confirmed by a positive correlation (r=0.190, p=0.003).
SPWMD was not associated with the number of CAs
affected, but had a significant correlation with SYNTAX
SCORE (r=0.197, p=0.021). The E/A ratio tended to
increase in group 4 compared to group 1 and had
a significant correlation with the number of CAs with
atherosclerotic lesions (0.159, p=0.042) and with
SYNTAX SCORE (r=0.222, p=0.009).

The ROC analysis of the prognostic possibilities of the
combination of factors: the presence of MD, FVLSH (%),
IVMD indicators (ms), Ts-SD (ms) and E/A in relation
to the damage of 3 CAs (Fig. 1.).

0.00 0.25

0.50 0.75 1.00

CneyudivHicte

Specificity

Puc. 1. ROC kpuBa kombiHoBaHa. CymapHuii aHani3 NpeauKTOPHUX MOXITMBOCTEN
dakTopis HasBHocTi M, ®BJILU, nokasHukis IVMD (mc), Ts-SD (mc) Ta E/A woa0 nporHo3yBaHHs ypaxkeHHs Tpbox KA
Fig. 1. The ROC curve combined. Summarized analysis
of the predictive capabilities of MD, EFLV, IVMD (ms), Ts-SD (ms) and E/A variables in predicting the lesion of 3 CAs

KombGiHauia nokasHukie M y BigHOLIEHHI NporHosy-
BaHHSA TPUCYAMHHOTO ypakeHHs KA Mae JocTaTHio 4yT-
nuBicTb (0,89) Ta cneundpivnicTb (0,87), Wo niaTBepaxye
nepcrneKkTMBY 3aCTOCYBaHHS 1i B KMiHIYHIA NpakTuLi.

Y Hawomy [oCnigXeHHi nokasaHa 3HayHo Oinblia
BiJHOCHa YacToTa HasABHOCTI MexaHiuHoi [IM y xBopux
Ha KXC 3 ypaxeHHsm Tpbox KA. BuasneHo 36inblieHHs
IVMD Ta yacy Ts, Wwo mMoxe OyTu NpOsiBOM iLLeMiYHOI
Kapgiomionatii Ta NOpYLUEHHAM CMCTOMIYHOI Ta AiacTo-
NiYHOI OYHKUIT NiBOrO LWINyHOYKa y XBopux 3 Garartocy-
OVHHUM ypaxeHHam KA. Paniwe Hamu 6yno nokasaHo,
wo nosHa okntosia KA npussBoanTb A0 3HAYHOro 36inb-
weHHa nposiBiB M, €K BHYTPILUHLO-LLNYHOYKOBOI,
Tak i MDKWAYHOYKOBOI Ta aTpioBeHTpukynsapHoi [15].
Y Hesenukomy pocnimpkeHHi Aljaroudi W. Ta cnisasT.
He BOanocb BMABUTK 3B’a3Ky [IM 3 po3Mipom iLuemivyHoro
ypaxeHHs [16], npoTe 6yno nokasaHo, Lo HasiBHICTb [1M,

The combination of MD indicators in terms of
predicting 3 vascular lesions of CA has sufficient sen-
sitivity (0.89) and specificity (0.87), which confirms
the prospects of its use in clinical practice.

Our study showed a significantly higher relative
frequency of mechanical MD in patients with CHD
with damage to 3 CAs. An increase in IVMD and Ts time
was revealed, which may be a manifestation of ischemic
cardiomyopathy and a violation of the systolic and
diastolic function of the left ventricle in patients with
multivessel CA damage. We previously showed that
complete CA occlusion leads to a significant increase
in the manifestations of MD, both intraventricular, inter-
ventricular, and atrioventricular [15]. In a small investi-
gation by Aljaroudi W. et al., it was not possible to
detect the relationship of MD with the size of the ischemic
lesion [16], however, it was shown that the presence
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30kpeMa, 306inbweHHs Ts-SD € HecnpuaTiMBUM Mpor-
HOCTUYHMM (DAKTOPOM Yy KOPOTKOCTPOKOBOMY nepiofi
nicns NpoBeAeHHSA aoOpPTO-KOPOHAPHOIO LWYHTYBaHHS [17].

Takox B rpyni 3 ypaxeHHAM Tpbox KA BusiBneHo
pocToBipHo MeHwy OBJIW, wo kopentoBano 3 HasB-
HicTio [IM. PaHiwe 6yno nokasaHo, LIO y XBOpUX 3 iLle-
Mieto Miokapga, nagiHHa OBJILW y signosigb Ha HaBaH-
TaXEHHS KOpemntoe 3 HasiBHICTO MexaHivyHoi OM [18].
BigsHauyanocs, wo 3miHn ®BJIW y Bignosigb Ha HaBaH-
TaXKeHHs1 fatoTb GinbL BaxnuBy iHdopmauito, Hix OBJILL
y cTaHi cnokoto [11], npoTe, AaHi, OTpMMaHi B Hallomy
JocnigxkeHHi nokasyoTb, wo PBJIW y cTtaHi cnokoto
MOXe BMKOPUCTOBYBaTUChb Y KOMOiHaUii 3 mokasHukammu
OM ona nporHosyBaHHsi TPUCYAMHHOro ypakeHHs KA.
BusiBneHHa Tskkoro GaraTtocyauHHOro ypaxeHHs KA
CTUKaETbCA 3 TpygHoWamu 4Yepes3 36anaHcoBaHy ille-
Mito [19], BHAcnigok 4oro BMBYAETLCS MOXIUBICTb BUKO-
pUCTaHHA nokasHukie [OM ana nokpaweHHs TO4YHOCTI
JiarHoCTuKK1, ofHaK, AOUINbHICTb Takoro nigxogy npo-
posxye auckytysatuch [10]. OaHi Hawworo AocnimKeHHS
[O3BONSATL  PO3rNsAAaTM  MOXMIMBICTb  3aCTOCYBaHHSA
nokasHukis [M, oTpumaHux 3a [AOMOMOroK ynbTpa-
3BYKOBOTO JOCHIQKEHHSI cepLs ANnsi NOKPaLLEeHHs MPOrHo-
3yBaHHsI TpUCyaAMHHOro ypaxeHHst KA, o niaTeepoxye
naHi Garcia-Cardenas M. Ta cnigasr. [11].

BUCHOBKHU

XBopi Ha KXC 3 ypaxeHHAM TpbOX KOPOHApHUX
apTepii, SKMM MPOBOAMNACH peBacKynspu3auis, manu
3HayHO Oinbluy vactoty BussneHHa OM (52%) B nopie-
HSIHHI 3 XBOPVMMMK 0€e3 ypaKeHHS Ta YpaXeHHAM OfHiel
abo pasox KA. [MokasHVKM BHYTPILLHBO-LLTYHOYKOBOI
(Ts), mixwnyHo4kosoi (IVMD) Ta aTpioBeHTpuKynsp-
Hoi (LVFT) OM manu 38’530k 3 ypaxeHHaM Tpbox KA
Ta SYNTAX SCORE;

KombGiHauisa nokasHukie M y BigHOLIEHHI NpoOrHosy-
BaHHA TpucyamHHoro ypaxeHHa KA mae pocrtaTtHio
YyTMAMBICTb Ta CNeundIYHICTb, WO CTBOPIOE NEPCMNEKTUBMU
3aCcTOCYBaHHS i B KMiHIYHIN NpakTuLi.
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of MD, in particular, an increase in Ts-SD is an unfa-
vorable prognostic factor in the short-term period after
aorto-coronary shunting [17].

Also, in the group with lesions of 3 CAs, a significantly
smaller LVEF was found, which correlated with the
presence of MD. It was previously shown that in patients
with myocardial ischemia, the drop in LVEF in response
to exercise correlates with the presence of mecha-
nical MD [18]. It was noted that changes in LVEF in
response to exercise provide more important infor-
mation than LVEF at rest [11], however, the data
obtained in our study show that LVEF at rest can be used
in combination with MD indicators to predict 3 vascular
lesion of CA. Detection of severe multivessel lesions of
the CA faces difficulties due to balanced ischemia [19],
as a result of which the possibility of using MD indicators
to improve the accuracy of diagnosis is being studied,
however, the feasibility of such an approach continues
to be debated [10]. The data of our investigation allow
us to consider the possibility of using MD indicators
obtained by ultrasound of the heart to improve the pre-
diction of 3-vessel vascular lesions of CA, which confirms
the data of Garcia-Cardenas M. and co-authors [11].

CONCLUSIONS

Patients with CHD with lesions of 3 CAs who
underwent revascularization had a significantly higher
frequency of detection of MD (52%) compared to
patients without lesions and lesions of one or two CAs.
Indicators of intraventricular (Ts), interventricular (IVMD)
and atrioventricular (LVFT) MD were related to the
damage of 3 CAs and SYNTAX SCORE;

The combination of MD indicators in terms of pre-
dicting 3 vascular lesions of CA has sufficient sensitivity
and specificity, which creates prospects for its use in
clinical practice.
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Prospects for further research

Based on the data obtained in the study, further prospects
for research are determining the feasibility of using indicators

of

mechanical myocardial dyssynchrony according to the

proposed model in predicting 3 vascular lesions in patients
with coronary heart disease and making decisions about
patient management tactics, namely the feasibility of revascu-
larization in patients with stable coronary heart disease. Testing
this hypothesis is the goal of the next phase of research.
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