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Cesepo-3artagHblil TOCyAapCTBEHHBIN MeAUIIMHCKUIT yHusepcuteT um. VL.V, Meunukosa, Cankt-ITetepdypr, Poccuiickas Pegepanst

B 0630pe cobpaHbl cOBpeMeHHble faHHble 06 3TMOMOMMM, NaToreHese, PacnpPOCTPAHEHHOCTU Ka/bLiMHO3a KOPOHapHbIX apTepuii (KKA). Kanbundu-
KalMsA KOPOHAPHbIX apTepuit Ha AaHHbI MOMEHT ABAAETCA aKTyaNbHON Npobaemolt B KapAMonornyeckoi npaktuke. KanbLMHO3 M aTepocKkiepos
BEHEYHbIX apTEPUI — B3aMMOCBA3aHHbIE W NMPOTEKAIOLLME CUHXPOHHO Npouecchl. CyLLecTBYOT pasHble NpuinHbl popmuposanua KKA. Cpeam HUX Ha-
CNeAcTBeHHan NpeapacnoNoXKeHHOCTb, NOXMI0N BO3PaCT, CONYTCTBYOWME 3ab60n1eBaHnA U gpyrve. B naToreHeTMYeckMx npoLeccax pasBuTus Kasb-
LIMHMPOBAHHOTO MOPAKEHWA COCYL0B MMOKApAa Y4acTBYIOT MECTHbIE U CUCTEMHble GaKTOpbI, Bbi3biBatoLye HapyLeHne Ux CNoEéB U obpasoBaHue
KafbUMeBbIX BAAWEK aTEPOCKNEPOTUYECKOrO XapaKTepa. PasnnyaoT NepBuYHbIN M BTOPUYHbIN KasbLMHO3, AUCTPOPUUECKMI, METACTaTUYECKUI 1
meTabonnyeckmin. CteneHb KanbLMPUKaLMM pacCcuMUTbIBAETCA PAa3HBIMM METOAAMM, KOTOPbIE NO3BONAIOT BbI6PATh MHAMBUAYANbHYIO TAKTUKY BeAEHWA
naumeHToB. O4HaKO BHYTPUCOCYAMCTAA AMArHOCTMKA KanbLudUKaLmMK, Kak 1 BbIBOp cnocoba BOCCTAHOBAEHMA NPOCBETa NOPAXKEHHOTO CoCyaa, A0
CVX MOpP NPEeACTaBAAETCA CNOXKHON 3aaayeit. Mpu Nérkon dopme NaToNOrMM MONKET BbiTb MCMOMb30BaH HaNNOHHBIA CNOCOB, BO3MOXKHO, C NpUme-
HEeHMEM 3H0BACKYNAPHOW AUTONAACTUMKK. U, HaobopoT, Npu 6onee BbICOKOM CTENEHU KanbLUMdUKaLmMm MoXKeT noTpebosaTbes 6onee arpeccuBHbIn
NAaH IYEHNSA C BKIKOYEHUEM METOZO0B abALMM B BUAE POTALMOHHOM 1 OpbUTaNIbHOM aTePaKTOMMIA. Bnarogapsa NPoCcToTe UCMNOb30BaHUA, NPAMOMY
BO34EMCTBMIO KaK Ha NOBEPXHOCTHOE, TaK U Ha rybOoKoe KanbLyeBoe NopaxkeHune, 6anioHHaa AMTONNACTMKA ABNAETCA NPOrPecCUBHOV TEXHONOTUEN,
KoTopas cnocobHa 3aHATb IMAMPYHOLLME NO3ULMK MO OTHOLIEHUIO K APYTMM METOAAM IeYeHns B ByayLiem.

B AaHHOM WccnefoBaHWM NPOBEAEH aHANM3 COBPEMEHHOW 3apybexHOW M OTeYecTBEHHOW NUTepaTypbl C UCMOAb30BAaHMEM MOWMCKOBbIX CUCTEM
PubMed, elibrary, Medscape, Medline, npeacTtaBneHHON B MeAMLMHCKMX KypHanax 3a nocnegHve 10 net. B noucke MCNONb30BasUCh Ktoyesble
CN0Ba: UWemmyeckas 6onesHb cepaua, KanblUMHO3, CTEHTUPOBAHME, POTALMOHHAA aTePIKTOMMUSA, KOPOHAPHAA apTepPUs, aTePOCKIEPO3, 3TUONOIUA,
naToreHes, pacnpoCcTPaHEHHOCTb. B paboTe NPUHATLI METOAbI — aKCMOMATUYECKMIA aHaIM3 U CUHTE3, abCcTparMpoBaHue.

KntoueBble cnoBa: uwemuyeckas 60s1e3Hb cepoya, KanbyUuHO3, KOPOHAPHAS apmepus, amepocKsepo3, 3muos02us, namozeHe3s, pacnpocmpaHEHHOCMs,
cmeHmMuUposaHue, POMAyUOHHAA amMepP3KMOMUS.
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The review presents contemporary data on the etiology, pathogenesis, and prevalence of coronary artery calcification (CAC), a significant concern in
cardiology. CAC and atherosclerosis of the coronary arteries (CA) are interconnected and may develop concurrently. Various factors contribute to CAC,
including genetic predisposition, aging, and comorbidities. Local and systemic factors damage the arterial layers and facilitate the development of
atherosclerotic calcium plaques, which are central to the pathogenesis of myocardial vascular calcification. CAC can be categorized into primary and
secondary calcification and dystrophic, metastatic, and metabolic types. The extent of calcification is assessed using various methods that help tailor
an individual management strategy for patients. Nonetheless, the intravascular diagnosis of calcification and the selection of appropriate techniques
for restoring the lumen of affected vessels remain challenging. In mild cases of CAC, the balloon method may be employed, possibly alongside
intravascular lithotripsy. Conversely, more severe calcification may require aggressive treatment, including ablative techniques such as rotational and
orbital atherectomy. Balloon lithoplasty, due to its ease of use and effectiveness on superficial and deep calcium deposits, is an emerging technology
that may take a leading role compared to other treatment methods.

This study involved an analysis of various literature sources, utilizing search engines such as PubMed, elibrary, Medscape, and Medline, focusing on
publications from the past decade. The keywords used in the search included ischemic heart disease, calcification, stenting, rotational atherectomy,
coronary artery, atherosclerosis, etiology, pathogenesis, and prevalence. The methodologies adopted for this work included axiomatic method,
synthesis, and abstraction.
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BBEAEHMUE

B HacTosLLee Bpems BOMPOCY Ka/bLiMHO3a KOPOHapHbIX apTe-
puii (KKA) ypensetca ocoboe BHUMAHWE MHOTUMM CMELMANNCTAMM.
CepaeyHo-cocyamcTble ¥ MHTEPBEHLMOHHbIE BPayM paccMaTpuBatoT
3TOT BOMPOC C TOYKM 3PEHUA aHAaTOMMYECKMX OCOBEHHOCTel Kopo-
HapHbIX apTepuid (KA), KOTopble ONPeaenAtoT TEXHUYECKME TPYAHOCTH
NPV NPUHATUM peLleHns o BbIbope MeTosa NeYeHns, 0COBEHHO Xu-
PYPru4ecKkoro, Mpu KOTOPOM, HEPELKO, NOMbITKU YPECKOKHOIO KOpo-
HapHoro BmewwaTtenbcTsa (YKB) okasbiatoTca besycnelwHbimu [1].

Kapaunonoru cumtatoT Kanbumdurkaumio KA npusHakom BeposT-
HOrO MOPAKeHMA aopTbl U HEBNAroNpPUATHLIM GAKTOPOM, KOTOPbIV
MOMKET NPUBOANTb K BOSHUKHOBEHWIO C/IOXKHOCTEN Npu dUKcauum
aHaCTOMO30B B MPOLLECCe PeBacKynapu3aumm muokapaa [2]. B npo-
BOAMMbIX UCCNEA0BAHMAX MO JIY4eBOM AMArHOCTUKE COCYAMUCTbIX 3a-
6onesaHuit aBTOPbI 06paLLalOT 0co60e BHUMAHKE Ha HEOBXOAMMOCTb
BblbOpa Hanbonee MHPOPMATUBHOTO MeToAa AMarHocTUKM KKA [3].

B Kapauonormyeckol npaktuke 60bHbIX ¢ KKA 0THOCAT K rpyn-
ne BbICOKOTO pUCKa CEPAEYHO-COCYAMCTbIX OC/IOKHEHWI, KOTOPbIN 06-
YCNOB/IMBAIOT KaK CTPYKTYPHbIE U3MEHEHUA KOPOHAPHOTO pyc/a, Tak
W TUMWYHOE 419 TaKMX NaLMEHTOB HaMYMe KoMopbMAaHOM naTonornm
(pecnupatopHoi, meTabonnyeckoir, u ap.). Moatomy, cneumanmncTb
PacCyKAA0T O BaXKHOCTM MeLMKaMEHTO3HOW Tepanuu nNpu passuTUm
Ka/IbLIMHATOB B BEHEYHbIX apTepusx [4].

B 60/1bLUMHCTBE NYBAMKaLLMIM 0606LLat0TCA aHHbIE O NpoLieccax
$HOPMMPOBaHUA KaNbLMHATOB apTepuit cepaLa, Kputepusax Bbibopa
METOA0B AMArHOCTMKM M onpeaeneHus cneunduyHbIX NapameTpos,
XapaKTepuM3yoLWmMX GYHKLMOHANbHOE U aHAaTOMMYECKOe COCTOAHUA
KA, a Take cnocobax KOHTpons (pakTopoB, NPOBOLMPYHOWMX Ka/b-
unduraumio [5].

Mcnonb3osaHne YKB nonyumno 3HaumtenbHoe pacrnpocTpaHe-
Hue 3a nocneaHue rogpl. OgHaKo ycnewHoe BbinonHeHve YKB npu
KaNbLLMHMPOBAHHbIX NMOPAXKEHNAX KOPOHAPHbBIX apTEPUIA, NO-NPEKHE-
My, OCTaETCA CNOXKHOM 3a4a4el, 3a4acTyto C HENpeaCcKa3yembIMuK pe-
3ynbTatamu. bonee 20% naumeHTOB ¢ MllemUyecKo 6onesHblo cepa-
ua (MBC), noggeprwmxca YKB, MMetoT TAKENbIE KaNbLMHMPOBaHHbIE
MOPAKEHNS, KOTOPble 3aTPYAHAIOT LOCTaBKY CTEHTA, MPEnATCTBYOT
€ro No/IHOLEHHOMY PACKpPbITUIO, @ TaKMKe MOBPEXAAIOT NOAUMEPHOE
N NeKapcTBEHHOE MOKPbITUA. YKB Mpu TakKMX CNOMKHbIX NMOpaxKeHUn
MOXET BbI3BaTb 3HAYUTE/IbHbIE MNEpPUNpPOLELyPHbIE OCIOXKHEHUA,
npuBoAALLMe K TPoMb03y cTeHTa [6, 7].

KopoHapHble KanbuuduKaTbl CNOKHOIO XapaKTepa TPYAHO noa-
[A0TCA MEXaHWYECKON AnnaTaumm npu XMpypruyeckom BMeLLaTelb-
ctBe. PacwupeHne npocseTta cocyaa € KalbLMHMPOBAHHOM CTEHKOW
MOYKET OKa3aTbCA 6e3yCrneLHbIM U UCK/IHYUT BO3MOMXKHOCTb BbINO/-
HEHWA XMPYPruyecKkoi pesackynapusaumun. MposegeHne aHrMonna-
CTVKM NOZA, BbICOKMM aBNI€HUEM AN Pa3pyLUEHMA KabLMHATa MOXKET
NPMBECTM K MOBPEXAEHUIO MHTUMbI cocyza. MoauduumposaHHas
METOAMKA (pexyLLasn), NPUMEHAEMan B KIMHUKE, NPEBOCXOAMUT CTaH-
[ApTHYLO NpoLeaypy U oKasbiaeTca 6onee ycnewHoii [8].

OTCyTCTBME ONpeaenéHHOCTM B BOMpPOCe Bbibopa METoA0B Ana-
FHOCTUKM U nedeHmna KKA 3actaBnseT npofonKaTb NOMCK NyTen pelue-
HMA LAHHbIX 33[a4 U ABNAETCA OCHOBAHMEM ANA AaNbHENLIMX Uccie-
[0BaHWI NPeLCcTaB/eHHON NAaTONOTUN.

LLENb UCCNEQOBAHMUA

0606LWMTb COBPEMEHHbIE NPEACTaBAeHUA 06 3TMONOTMM, NaATO-
reHese, PacnpoCcTPaHEHHOCTU U MeToAaxX IeYeHNs KabLMHO3a KOpo-
HapHbIX apTeEpPUI.

INTRODUCTION

Several publications are currently focusing on the issue of
coronary artery calcification (CAC). CAC assessment is performed
based on the anatomical characteristics of the coronary arteries
(CA). These features can present technical challenges when de-
termining treatment methods, particularly surgical options. As a
result, attempts at percutaneous coronary intervention (PCl) of-
ten prove to be unsuccessful [1].

CAS may indicate potential aortic damage, an unfavorable
factor complicating the placement of grafts during myocardial re-
vascularization [2]. In studies examining the radiological diagnosis
of vascular diseases, authors emphasize the importance of choos-
ing the most informative diagnostic methods for CAC [3].

Patients diagnosed with CAC are regarded as a high-risk
group for cardiovascular complications. This categorization is due
to structural changes in the coronary arteries and comorbidities,
such as respiratory and metabolic disorders. These peculiarities
emphasize the importance of medication management in CAC
[4].

Most publications summarize data on the processes impli-
cated in cardiac arterial calcifications. They discuss the criteria for
selecting diagnostic methods and outline the specific parameters
that characterize the functional and anatomical state of the coro-
nary arteries. Additionally, they address the strategies for manag-
ing factors that contribute to calcification [5].

PCl has become increasingly common in recent years. How-
ever, successfully performing PCl on calcified coronary lesions
remains a significant challenge, often resulting in unpredictable
outcomes. More than 20% of patients with coronary artery dis-
ease who undergo PCl present with severely calcified lesions,
which can often lead to suboptimal stent deployment, prevent
optimal stent expansion, and damage the polymer and drug coat-
ings of the stent. Performing PCl in calcified lesions increases the
risk of adverse cardiac events, including stent thrombosis [6, 7].

Heavily coronary calcified lesions can create challenges
during surgical interventions due to difficulties in mechanical dila-
tion. Attempting to expand the lumen of a vessel with a calcified
wall may be unsuccessful and could prevent surgical revascular-
ization. Balloon angioplasty with the high balloon inflation pres-
sures required to open thick calcified lesions may lead to intimal
disruption. However, cutting balloon angioplasty in clinical set-
tings has proven more effective than high-pressure balloon angio-
plasty and shows significant success [8].

The uncertainty in selecting methods for diagnosing and
treating CAC requires ongoing exploration of solutions to these
challenges. This highlights the need for further research into this
pathology.

PURPOSE OF THE STUDY

To summarize current understandings of the causes, devel-
opment, prevalence, and treatment methods for coronary artery
calcification.

MATERIALS AND METHODS

This study involved an analysis of contemporary literature
sources by utilizing search engines such as PubMed, elibrary,
Medscape, and Medline. The review focused on articles pub-
lished in medical journals over the past 10 years. The search uti-
lized keywords including coronary artery disease, calcification,
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MATEPUAN U METOAbl UCCNEQOBAHUA

B LaHHOM MCCeA0BaHUM MPOBEAEH aHANM3 COBPEMEHHOM 3a-
pybesKHOW 1 0TeYeCTBEHHOW IMTEPATYPbI C UCNOb30BAHNEM NMOWUCKO-
BbIX cuctem PubMed, eLibrary, Medscape, Medline, npeacrasneHHom
B MEAMLMHCKUX KypHanax 3a nocnegHue 10 neT. B noucke mcnonb-
30Ba/INCb K/OYEBbIE C/10BA: MLWEMMYECKan 6onesHb cepaua, Kaablm-
HO3, CTEHTUPOBAHWE, POTALLMOHHAA aTEPIKTOMMA, KOPOHAPHas apTe-
pus, aTepoCKNepos, 3TMOIONUSA, NaToreHes, PacnpocTPaHEHHOCTb. B
paboTe NPUHATLI METOAbBI — aKCMOMATUYECKUIN aHANU3 U CUHTE3, ab-
CTparupoBsaHue.

3TMonorusa u natoreHes KajlibLLMHO3a KOPOHAPHbIX

apTepuii

MokasaHo, uto KKA fABnsetca pesynstaTom AereHepaTmBHbIX
M3MeHeHU aTepOCKNepPOTUYECKOTO XapaKTepa, YTO MOATBEPKAaeT-
CA YaCTbIM BbIABNEHMEM Ka/bLMHATOB apTepuil cepaua Yy NOXWUAbIX
60/1bHbIX [9].

Wccneposateny 13 Poccum BbIABUAM, UTO KasibLIMA HAUMHAET Ha-
Kan/aMBaTbCA B aTEPOCKIEPOTUYECKMX OAALLKAX eLLe Ha 3Tane nossJe-
HUA }KUPOBbIX OT/IOXKEHMI U NMPOLOMKAET aKTUBHO HAKaNAMBaTbLCA Ha
BCEX 3Tanax pa3BuUTUA aTepockneposa. [JaHHoe COCTOAHME BO3HMUKAeT
“3-3a HapyLeHW obMeHa KanbLus B OpraHuM3me B YC/I0BUAX aTepo-
CK/epo3a, 4To NPUBOAUT K 06Pa30BaHUIO YHaCTKOB KOCTHOM NNOTHO-
ctn B KA. Celtyac aTepocknepo3 paccMaTPUBAETCA KaK XPOHUYECKUi
BOCMa/UTE/NbHbIV MPOLIECC, KOTOPbIV HapylwaeT HOpmanbHoe And-
dbepeHLMpoBaHMe KNeTok. MoABAEHME U POCT OTIONKEHUI KabLyA B
apTepuAx 0bycNoBAEHO BO3AEWUCTBUEM Ha MMALKOMBILIEYHbIE KNETKU
KPOBEHOCHbBIX COCYZL0B, BK/OYaA KOpoHapHble [10].

Nakahara T et al [11] noka3anu B cBoel paboTe npouecc dopmu-
poBaHuA Kanbumndukaumm KA. UHMLMMpyeTca aTepoma Ha NepBoi CTa-
[MV C 33/lePXKKOV anosnnonpoTenHa B B cybuHTMMe, YTO NpuBoaUT
K YTONLLEHMIO UHTUMbI C KOMMOHEHTaMK Cy63HA0TENMANbHOMO BHe-
KNETOYHOTO MATPUKCa, BK/OYAA NpOTeornKaHbl (puc. 1a). Mpoteor-
JIMKaHbI CBA3bIBAIOTCA C XONECTEPUHOM NmnonpoTenHos (/1) 1 okuc-
NeHHbIM xonectepuHom JIM. OHKM TaKKe BblpabaTbiBaloT NenTuUAHbIE
9MOATTPAKTaHTbI, KOTOPbIE NMPUBAEKAIOT LIUPKYINPYIOLLME MOHOLMUTBI
K MecTy nopakeHua. MOHOLMTbI MPOHMKAIOT B TKaHb M NpeBpaLLatoT-
cA B Makpodaru. KneTku, HacbllLEHHble XONecTepMHOM, NOMOLLaoT
COXpaHE&HHble U 3MeHEHHbIe /MM, 3aTem OHM GaroLMTUPYIOT OCTaTKM
anonTOTUYECKMX KNETOK Ha cneaytollein ctaguu. Makpodaru, B CBOLO
ouepesb, BbIpabaTblBaOT MPOTMBOBOCMA/IMTE/bHbIE LUTOKMHbI, TAaK1E
KaK TpaHchopmupytowmii daktop pocta (TGF)-6eta U MHTEPAENKMH
(IL)-10, yTOBbI NpPEnOTBPATUTL PA3BUTME aTepocKnepos3a. [na Kom-
NeHcaLuyM MecTHOrO KPOBOCHABXEHMA COCYAMCTON CTEHKM BK/OYA-
I0TCA ME/IKME KPOBEHOCHbIe cocyabl (vasa vasorum) (puc. 1b).

Ha nosgHeit ctaguun aroumtos anonToTUYECKOro AeTpuTa Ae-
KOMMEHCMPYETCA BCNeACTBME M3ObITOYHOTO anomnTosa, 1 BMeCTo opra-
HW30BaHHOM 3/IMMMHALMMN aNONTOCOM OCTATOYHbIE K/IETOYHbIE KOM-
MOHEHTbI COXPAHAOTCA B ovare nopaxeHus. MNpouecc KanbLMdUKaLmm
aKTUBMPYET KNETKM, Bbi3blBas TPAaHCAUDDEPEHLMPOBKY U CHUNKEHUE
BOCManeHunsA. BocnanutenbHble LWTOKMHBI NMPOAYLMPYIOT Makpoda-
v, NOALEPXMBaA BOCManWUTENbHbIM npouecc. Mecta 3apoxaeHus
rMAPOKCHANaTUTa — BHEKNETOYHbIE Be3WKy/bl. B npouecce oHKo3a
BbICBODOXKAAIOTCA MATPUKCHbIE BE3WKyJbl, anonToTUYecKMe Tesblia
13 Makpoaros M MafKOMbILWEYHbIX KNETOK, YCKOPAA ULLEMUYECKYIo
rmbenb KneTok. Vasa vasorum yTaxenseT naToNorMyeckuin npowecc,
cnocobcTByA NporpeccMpoBaHuio BocnaneHus (puc. 1c).

Makpodarn M1 BbipabaTbiBatOT BOCMANAUTE/bHbIE LMTOKMHBI,
NoAAepKM1Ban BoCManeHne, B TO BpeMA Kak Makpodparn M2 ymeHb-
watoT ero. Knetku, umetowme octeobnactonogobHble Man XoHAPO-

172

stenting, rotational atherectomy, coronary artery, atherosclero-
sis, etiology, pathogenesis, and prevalence. The methods em-
ployed in this work included axiomatic analysis, synthesis, and
abstraction.

Etiology and pathogenesis of coronary artery

calcification

CAC results from degenerative atherosclerotic changes, as
evidenced by frequent calcifications found in the cardiac arteries
of elderly patients [9].

Kashtanova EV et al (2021) discovered that calcium accumu-
lates in atherosclerotic plaques early in fatty deposit formation
and continues to increase actively throughout all stages of ath-
erosclerosis development. This condition is linked to disorders in
calcium homeostasis, which are associated with atherosclerosis
and lead to the formation of bone-like areas in the coronary ar-
teries. Atherosclerosis is now understood as a chronic inflam-
matory process that disrupts normal cell differentiation. The
emergence of calcium deposits in the arteries is attributed to the
effects of smooth muscle cells in blood vessels, including those in
the coronary arteries [10].

Nakahara T et al (2017) demonstrated the process of calcifi-
cation formation in the coronary arteries [11] (Fig. 1).

This illustration provides an overview of the progression to
calcification:

Atheroma begins with the localized retention of apolipopro-
tein B (ApoB) lipoproteins (LPs) within the subintima, leading to
diffuse intimal thickening. This thickening comprises subendo-
thelial extracellular matrix components, particularly proteogly-
cans (Fig. 1a). Proteoglycans can bind to lipoprotein cholesterol
and oxidized lipoprotein cholesterol. Chemoattractant peptides
are secreted, which draw circulating monocytes to the lesion.
Once inside the tissue, these monocytes differentiate into mac-
rophages and consume the retained and modified LPs, becoming
cholesterol-laden foam cells. Vasa vasorum are stimulated to in-
crease local blood supply. In this early stage, macrophages also
engulf remnants of apoptotic cells, producing anti-inflammatory
cytokines such as transforming growth factor (TGF)-beta and in-
terleukin (IL)-10, which help inhibit the development of athero-
sclerosis (Fig. 1b).

In advanced lesions, the rate of apoptotic cell death outpac-
es the macrophages' ability to clear apoptotic debris. Rather than
orderly eliminating apoptosomes, residual cellular components
accumulate in the lesion, lose membrane integrity, and release
toxic contents into the surrounding tissue. These events lead to
defective efferocytosis and further inflammation. Well-developed
vasa vasorum also contribute to the increased inflammatory re-
sponse (Fig. 1c).

M1 macrophages produce inflammatory cytokines, perpet-
uating inflammation, while M2 macrophages work to mitigate
it. Cells exhibiting osteoblast-like or chondrocyte characteristics
may also arise, contributing to inflammation resolution. Extra-
cellular vesicles serve as nucleation sites for hydroxyapatite. Ma-
trix vesicles and apoptotic bodies released from macrophages
and smooth muscle cells contribute to early calcification stages
known as microcalcification, which can further inhibit inflamma-
tion (Fig. 1d).

If inflammation persists, apoptosis of macrophages and
vascular smooth muscle cell continues, leading to more microcal-
cifications. These microcalcifications can aggregate into a larger
mass, resulting in spotty calcification. This type of macrocalcifi-
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Puc. 1 Cmadus hopmuposaHuUs KanbyuguKayuu KopoHapHelx apmeputi [11]

Fig. 1 The evolution of atheroma and calcification: Plaque initiation, inflammation, microcalcification, and progression to macrocalcification [11]

UMTapHble CBOWCTBA, TaKMKe MOryT CnocobCTBOBaTb PaspeLueHuio
BOCMa/ieHUs. BHEKIETOUHbIE BE3MKY/IbI CY)KAT MECTaMM 3apOXKAEHUA
rMapoKkcnanaTuta. MaTpuyHble BE3MKY/bI M anonToTUYeCKue TenbLa,
BbICBOOOXAaemMble MaKpodaramv U INaAKOMbILLEYHbIMU KNETKamMK,
CNoCcoBCTBYIOT PaHHMM CTAAMAM KanbUMPUKALMKM, M3BECTHBIM KaK
MMKPOKa/IbLIMPUKALMA, YTO MONKET AOMOJNHUTENBHO MOAABAATL BOC-
nanexwe (1d).

Kanbupdukaums HaumHaeTca Gnarogaps TpEm cnocobam, KoTo-
pble NPENATCTBYIOT Pa3BUTMIO BOCMAAWUTENbHONW peakumu. Ecam Bocna-
JIEHWUE He YTUXaEeT, TO NPOUCXOAMT MPOAO/IKEHME anonTo3a MaKpoda-
rOB ¥ INaAKOMbILIEYHbIX KNETOK COCYA0B, YTO NPUBOAMT K 06pa30BaHmio
60/IbLLEro KOMIMYECTBA MMUKPOKANbLMHATOB. 3TU MUKPOKA/bLMHATDI
COeAMHAOTCA BMECTe, NPeBpalLanch B MATHUCTYIO KalbLMdUKaLmIo,
CKNOHHYIO K pa3pbiBy (puc. 1e). B npoTMBHOM C/ly4ae BoCnaneHne CTu-
XaeT, ouar nopaxeHus ctabunusmpyetca (puc. 1f) [11].

CyLLecTBYIOT pas3nuums BO B3IAAAX MHOMMX aBTOPOB, ABAAET-
CA M KaNbLUMHO3 MPUYMHOW CTabWUIbHOCTM aTepPOCKAEPOTUYECKOM
611ALWKM. Ha OCHOBaHUM JAHHbIX U3 IMTEPATYPHBIX MCTOYHUKOB MOMK-
HO cAenaTb BbIBOA, YTO NMPOLLECC KabLUMPUKALMM ABAAETCA OCHOBOM
YKPEenieHuns u ctabunmsaumm aTepockNIepoTuyeckmx baswek, n dak-
TOPOM NPODUNAKTUKM UX paspylueHna. HabntoaeHWa nokasblBatoT,
YTO aTePOCK/IEPOTMYECKanA BAALLKA C KaNbLMHUPOBAHHOMN CTPYKTYPOIA
3HAYMTENIbHO NPOYHEEe HOPMA/IbHOM CTEHKM UK MATKOM BAALIKK 6e3
Ka/IbLIMHMPOBAHHOTO NMOKPbLITUA, YTO AeNaeT eé bonee yCTOMUNBOM K
paspbisam. OZHAKo, B X04e MccnefoBaHuiA 6bi10 06HApPYKEeHO, YTO
3TV 3aKOHOMEPHOCTU CMPABEA/IMBbI TObKO /15 FOMOTEHHOW KasibLin-
duKkaumm [12, 13].

cation remains susceptible to rupture (Fig. 1e). Conversely, if the
inflammation subsides, the lesion stabilizes (Fig. 1f) [11].

There are differing opinions among authors regarding the
role of calcification in the stability of atherosclerotic plaques.
Based on the existing literature, it can be concluded that calci-
fication is essential for strengthening and stabilizing atheroscle-
rotic plaques and helps prevent their deterioration. Observa-
tions show that atherosclerotic plaques with a calcified structure
are significantly more robust than normal arterial walls or soft
plaques without a calcified coating, making them more resistant
to rupture. However, studies indicate these patterns primarily ap-
ply to homogeneous calcification [12, 13].

Spotted calcifications refer to a specific type of inclusion [14,
15]. The area between the non-calcified section of the arterial
wall and the calcified cap may be a potential site for rupture. This
vulnerability arises from differences in stiffness and susceptibili-
ty to damage. During endovascular revascularization, this area is
particularly at risk for dissection and, in some cases, rupture [16].

The regulation of plaque calcification in coronary vessels
involves various bone matrix proteins, such as osteoprotegerin,
fetuin-A, and osteopontin. Research indicates that the levels of
these proteins are correlated with calcium levels in the coronary
arteries. Consequently, glycoproteins play a crucial role in the de-
velopment of calcification in the vessel walls during atherosclero-
sis. [17, 18].

The differentiation of smooth muscle cells in blood vessels
can be evaluated by bone morphogenetic protein type 7 and os-
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KanbumduKkaTbl, KoTopble 06/1a4at0T XapaKTEPUCTUKOM «NATHU-
CTble», NMPeACTaBAOT cobol PasHOBMAHOCTL BKAtoYeHuid [14, 15].
O6pasyrolanca 30Ha Mexay HeKabLMHUPOBAHHOM YacTbio CTEHKM
apTepUK ¥ KaNbLMHMPOBAHHOW NOKPbILIKON NPeACcTaBAAeTCA MECTOM
BEPOATHOrO Pa3pbiBa, MOCKO/bKY YA3BMMA U3-3a PA3INUMIA B XKECTKO-
CTW M BOCMIPUMMUMBA K MOBPEXAAoLLMM Bo3aencTBuAM. Mpu npose-
[leHUW 3HZ0BACKYNAPHON peBacKyNApuU3aLMM 3Ta 30Ha OKa3bIBaeTCA
Hanbonee NoaBepKeEHa PUCKY AMCCEKLMM, @ B HEKOTOPbIX C/Iy4asnX
paspbiBy [16].

Perynauma npouecca KanbUMUKaLMm BAALLKM B BEHEYHDBIX CO-
Cy[ax CBA3aHa C AeicTBUEM Pa3/IMYHbIX BENKOB KOCTHOMO MaTPUKCa,
TaKMX Kak octeonpoTerepuH, GeTynmH-A n octeonoHTvH. Uccnenosa-
HUWA NOKa3a/u, YTo CoflepKaHUe 3TUX BEKOB KOPPENUPYET C YPOBHEM
Kanbuus B KA. Takum 06pa3om, mMKOMPOTEUHBI UFPAKOT K/OYEBYHO
posb B GOPMUPOBAHUM Ka/lbLIMHO3a B CTEHKAX COCYA0B NPUW pa3BUTUK
aTepockneposa [17, 18].

AnddepeHumauma rnagKOMbILLEYHbIX KNETOK KPOBEHOCHbIX
COCY/I0B MOXKET bbITb OLEHEHA C UCMO/Ib30BAaHUEM KOCTHOrO MOpdO-
reHeTUYecKoro NPoTeMHa 7-fo TUNA U OCTEOMOHTUHA, KOTOPbIE aKTH-
BMPYIOT MEXaHM3MbI Ka/IbLIUEBOTO OT/IOKEHUA B CTEHKAX COCYA0B. ITH
baKTOpbI TaKKe ABNAIOTCA HE3aBUCUMbIMM NPEAUKTOPAMU BEPOATHO-
CTU pasBUTUA HEBMAronpUATHLIX CEPAEYHO-COCYAMCTbIX NPOLILECCOB
[19]. Apyrve aBTOpbl AOKa3a/nM yyacTMe OCTEONpPOTEerepuHa, Mupo-
docdaTos, PpeTymHa-A, OCTEOHEKTUHA B MHIMBMPOBAHUM NPOLIECCOB
cocyaucTon KanbupduKkaumm [20].

06006LLeHNEe UMEIOLLMXCA JaHHBIX AEMOHCTPUPYET OTCYTCTBUE
€4MHOro B3INA4A Ha MaTOreHeTUYEeCKUe NPOLLECcChl KaabLMHUPOBAH-
HOrO MOPAXEHWA COCYAMCTOM CTeHKM. MccnepoBatenu coBpeMeHHo-
CTW AKLEHTUPYIOT BHUMaHUE Ha poau GENKOB KOCTHOM CTPYKTYpbI B
npouecce 06pa3oBaHUA aTEPOCKNIEPOTUHECKMX OT/IONKEHUI B COCYLaX
cepaua [21]. 3TM 6enKM KOHTPONMPYHOTCA KaK MHTMOUTOPaMM, Tak u
MHAYKTOPaMM Ka/lbLIMHUPOBAHHOTO MeTabonM3Ma, TaKUMM Kak ocTe-
OHEKTUH, ocTeonpoTerepuH, nupodocdat n apyrue. B obbluHbIX yc-
NOBUAX MPOUCXOAUT PaBHOBECUE MEKAY HUMU, HO HApYLLEHWe 3TOro
6anaHca NpuUBOAMT K KanbLmnduKaumm KA B pesynbtate yBennyeHus
aKTMBHOCTW MHAYKTOPOB Ka/bLMHUPOBAHUA M 0CnabneHus addek-
Ta MHMMBbUTOpPOB [22]. ToYHbIE MPOLECChl BO3AENCTBMA NOKasaTenen
Ka/IbLMHVMPOBAHHOTO MOPAXKeHUA eLUé NpescTonT uccnesosath [23].

Knaccudukauma kanbumuHo3a KOPOHAPHbBIX apTepuit

PasnnyatoT 2 TMNa KanbumdmKaumm KA. Mepsblit TMN — aTepo-
CKNIEPOTUYECKMI KaNbLMHO3, MOPaXaloLWmii UHTUMY apTepuii, npu
KOTOPOM OTMeyaeTcA npeobpasoBaHMe [MALKOMbILLEYHbIX KIETOK
apTepuii nNog, AeicTBMEM BOCMANUTENbHBIX MeLMaTopoB U NUNWAOB
aTepPOCKIEPOTUYECKUX basieK. BTopoi Tmn — KanbumduKaums meam-
aNbHOTO €10, YTO ACCOLIMMPYETCA C BO3PACTOM MaLMeHTa, Hamumem
COMYTCTBYIOLMX 3ab0NEBaHMI (MOYKM, KOCTHAsA cuCTema U Apyrue)
OMyX0/1eBOTO M HEOMyX0eBOro reHesa. KanbLyHO3 meauu cunTaetca
[,06pOKaYECTBEHHOM peaKLmen, Bbi3biBaOLLEN YBNEYEHUE KECTKOCTU
apTepuanbHoM cTeHku. [ipyroi Bua, kanbLmdukaumm KA xapaktepusy-
€TCA YMEHbLUEHNEM 3/1aCTUYHOCTMU UX CTEHKM, BAa3OMOTOPHOW peaKLm-
el v nepdy3nOHHbBIM U3MEHEHUEM CEPAEYHON MbilLbl [24].

Pasgenstor guctpoduyeckuii KKA, KoTopbiii XapaKTepusyercs
JIOKa/IbHbIM OT/IOKEHWEM KaNbLyA; MeTacTaTU4eCKUi, CBA3AHHBbIN C
OT/IOXKEHMEM KanbLya B KA B pe3ynbTaTe HapyLLIEHMA ero BbiBEAEHWS;
MeTabonnyecknii, 0BYCNOBNEHHbI HACNeACTBEHHbIMM haKTopamu,
HECTOMKOCTbIO BYPEepHbIX CUCTEM C NEPEXOAOM KasbLMA U3 KPOBU B
apTepuu [25].

B oueHke BblparkeHHOCT KKA ncnonb3yetca MHAEKC KopoHap-
HOrO KanbLyA No AraTCTOHy, NOAYaBTOMaTUUECKUIA METOZ, BblUMCAA-
€TCA PYTUHHO NpY NPOBEAEHWUU HU3KOA03HOWM KOMMbIOTEPHOM TOMO-
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teopontin, as these proteins activate mechanisms that promote
calcium deposition in the walls of blood vessels. Additionally,
they serve as independent predictors of the likelihood of adverse
cardiovascular events [19]. A study has demonstrated the roles
of osteoprotegerin, pyrophosphates, fetuin-A, and osteonectin in
inhibiting vascular calcification [20].

A summary of the available data indicates a lack of consen-
sus regarding the pathogenetic processes involved in calcified
vascular wall damage. Another study highlighted the role of bone
structure proteins in forming atherosclerotic deposits within the
heart vessels [21]. The activity of these proteins is regulated by
both inhibitors and inducers of calcified metabolism, including
osteonectin, osteoprotegerin, and pyrophosphate, among others.
Under normal circumstances, there is a balance between these
factors. However, when this balance is disrupted, it can calcify the
coronary arteries. This occurs due to increased activity from cal-
cification inducers and reduced inhibitor effects [22]. The exact
processes by which calcified lesion indicators affect these condi-
tions still need to be investigated [23].

Classification of coronary artery calcification

There are two primary types of CAC. The first type is ath-
erosclerotic calcification, which affects the intima of the arteries.
In this process, the smooth muscle cells of the arteries change
due to inflammatory mediators and lipids found in atherosclerot-
ic plaques. The second type is calcification of the media, which
is linked to the patient's age and comorbidities, such as those
affecting the kidneys and skeletal system, from both tumor and
non-tumor origins. Calcification of the media is considered a
benign reaction that increases the rigidity of the arterial wall.
Another form of CAC leads to decreased arterial wall elasticity,
resulting in vasomotor reaction changes and heart muscle perfu-
sion alterations [24].

A distinction is made between dystrophic coronary artery
calcification, characterized by localized calcium deposition, and
metastatic calcification, due to impaired calcium excretion. Meta-
bolic calcification can be caused by hereditary factors or instabil-
ity in buffer systems, resulting in the transfer of calcium from the
blood into the arteries [25].

The Agatston CAC score is a tool used to assess the sever-
ity of CAC. This semi-automated tool calculates a score based
on the extent of coronary artery calcification detected by an
unenhanced low-dose CT scan. The Agatston score can identify
the risk of ischemic heart disease in its early stages. The score is
calculated by multiplying the weighted density of high radiation
attenuation by the area of the calcified plaque. A score of zero
points indicates a minimal risk of developing ischemic heart
disease with no detectable calcium in the wall. A score of 1-10
signifies low risk with minimal calcification. A score of 11-100
indicates minimal stenosis and minor calcification, highlighting
the need to address risk factors. An Agatston score of 101-400
suggests hemodynamically insignificant stenosis and moderate
calcification, warranting the removal of risk factors. When the
Agatston score exceeds 400, it is likely that hemodynamically
significant stenosis and severe calcification are present, so a
stress ECG and echocardiogram are recommended. Multi-slice
computed tomography-coronary angiography (MSCT-CA) is also
utilized to correlate the coronary calcium score with the steno-
sis severity as determined by coronary angiography. A score of
27-88 correlates with stenosis greater than 20%, 89-127 — with
stenosis over 30%, 128-166 — with stenosis exceeding 40%, 167-
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rpadpun. OnacHoctb UBC B paHHUX CTagMax MOMKET ObiTb BbifBeHa
C nomoLLbio MHAeKca AraTcToHa. KonmyectBo 6annoB BbluMcafeTc
NyTEM YMHOEHWA B3BELUEHHOM NAOTHOCTU C BbICOKUM OCNabneHnem
U3/ly4EHVA Ha N/IoWab KabLMHUPOBaHHOM 6aawku. Mpu 0 6annos
pyCK passuTua MEC MUHMMabHBIM, KaNbLMI B CTEHKE He Onpeaens-
etca. lMpun 3HaveHnn nHgekca AratctoHa 1-10 — manoBepoATeH puUCK
MBC 1 KanbumHauua muHuManbHaa. MHaekc 11-100 6annos — mu-
HUMasbHbIA CTEHO3, HE3HAUWTENbHaA KasbLMHaUMA, Heobxoaumo
CHU3UTb daKTopbl pucKa. UHAeKkc AratctoHa 101-400 yKasbiBaeT Ha
reMoAMHaMNYECKM HE3HAYMMbIN CTEHO3, YMEPEHHYIO KaNbLMHALIMIO,
noTpebHOCTb B YCTPAHEHUU MpeauKTopos. Mpu uHAeKce AraTcToHa
6onee 400 MOXKHO NPEANONOKUTL FEMOAMHAMUYECKM 3HAUMMBIN CTe-
HO3, BbIPXKEHHYIO KaNbLIMHALMIO, PEKOMEHAYETCA MPOBOAUTL CTPeCC
KT 1 3XO0. UcnonbayeTca B NPAKTUKE TaKKe KOPOHapoaHruorpadpuye-
CKMI UHAEKC, KOTOPbIN NpeacTaBaseT cobol ConocTaBNEHNE MHAEKCA
KOPOHAPHOrO KaNbLMA 1 YPOBHA CTEHO3a MO AaHHbIM KOPOHAPOAHT -
orpadum. 3HaueHne nokasatens 27-88 6an10B COOTBETCTBYET CTEHO3Y
6onee 20%, 89-127 6annos — bonee 30%, 128-166 — 6onee 40%, 167-
370 — 6onee 50%, 3HayeHus, npesblwatowme 371 6ann, ceuaeTeNb-
CTBYIOT O cTeHo3e 6onee 70% [26].

PacnpocTpaHEHHOCTb KanbLMHO3a KOPOHAPHbIX

aptepuit

MccnepoBaHua, npoBeAEHHbIE PasnUYHbIMKM aBTOPaMM B pas-
Hbl€ roApl, YKa3blBatOT Ha TO, YTO BO3PACT M NON NALMEHTOB OKa3blBa-
10T BANAHME HA PACNPOCTPAHEHHOCTb Ka/bLIMHUPOBAHHOTO GOpMMPO-
BaHusA KA. B pabote Wong ND et al (1994) oTmeyaeTcs, 4To KanbLMHO3
KA yalue BcTpeyaetca y MyxumnH (90%) No CpaBHEHMIO C XKEHLMHAMM
(67%), ocobeHHo y nunu, cTapwe 70 net [27]. AHanornyHoe mccneao-
BaHue, nposeaénHoe B 2019 rogy Wang F et al, nokasano Bbicokui
ypoBeHb KKA. Bospact, B KoTopom obHapy:KuBaeTca 3abonesaHue,
PasaMyeH ANA MYKUMH U 3KEHLUWH: B CPEAHEM MYXXUMHbI CTa/IKUBAIOT-
CA C HAM B 53 NeT, a *eHLWwuHbl — B 62 roaa [28].

C BbICOKOW BEpPOATHOCTbIO KasnbLmdurauma KA passusaetca y
NIOAEN C OXUPEHUEM, AMCAUNUAEMUEN, apTepUanbHOW TUNepTeH-
3vei, TUNepravKemueii, reHeTUYecKoW MpeapacnoNOKEHHOCTbIO,
XPOHUYECKUMMU NOYEYHbIMM 3a00/1EBAHMAMM, BbICOKMM YPOBHEM
C-peakTvBHOTO 6€/1Ka U GUBPUHOTEH], KOTOPbIE TaKKe ABNAIOTCA daK-
TOpPaMu pYCKa pa3BUTUA aTepockieposa [29].

JleyeHune KanbLUHO3a KOPOHAPHbBIX apTepuit

[octynHble meToabl neveHna KKA MOXHO pasgenntb Ha 2
rpynnbl: abnauMoHHble U BannoHHble. NepBas rpynna BKAKOYAET po-
TaUMOHHyto aTepakTomuto (PA), opbutanbHyto atepaktomuio (OA) n
9KCMMEPHbIN Nasep, KOTOpble TEOPETUYECKU CMOCOOHbI YCTPaHWUTb
KanbLyeBOe OTNOXEeHWe W BOCCTAaHOBUTb MPOXOAMMOCTb apTepuu
[30].

3a nocnegnue 10 net Habnopaetca GyHAAMEHTa IbHbIA CABUT
B MCMONb30BaHUM abAALMOHHbBIX METOA0B. BHyTpucocyaucToe ynbT-
pa3ByKOBOe MCCNeA0BaHUE M OMTUYECKan KorepeHTHaa Tomorpadua
nokasanu, yto PA unu OA aeiCTBYIOT NPEeUMYyLLECTBEHHO Ha TBEPAbIV
KanbLMOULIMPOBAHHbIV KOMMOHEHT, NPUBOAA K Pa3BUTUIO KanbLye-
BbIX TPELLMH, PAaCCEYEHMIO IOCKYTOB, U YCTPaHeHUo basawku. OgHakKo,
HEPOBHOCTb M BbICOKAA CKOPOCTb, Bbi3biBaloLLME CEPbE3HbIE OC/IOXK-
HeHus, nepdopaumio KA 1 ambonmnsaumio, CTanmn NpUYMHON MeHbLLe-
ro NPUMEHEHUA B HacTosLLee Bpems abaaLMOHHOrO ycTpoiicTsa [31].

MpeunmyLectseHHo PA yaanset ¢pubpoKanbuMdULMPOBaHHYHO
yacTb BAAWKM MYTEM M3MENbYEHUA B YaCTULbI pasmepom oT 5 o 10
MKM, KOTOpble MOMNaAatoT B AUCTA/IbHYIO KOPOHAPHYH MUKPOLMPKY-
NALMIO, YTO MOMKET CTaTb MPUYMHOI NOBTOPHOrO NpoBeseHus PA (zo
24%) [32].

370 — with stenosis greater than 50%, and above 371 indicate
stenosis greater than 70% [26].

Prevalence of coronary artery calcification

Several authors reported that both age and gender play a
significant role in the prevalence of calcified coronary arteries.
Wong ND et al (1994) noted that CAC is more prevalent in men
(90%) compared to women (67%), especially in individuals over
the age of 70 [27]. Similarly, Wang F et al (2019) found a signifi-
cant level of CAC. The age at which the disease is diagnosed var-
ies between men and women: on average, men are diagnosed at
53 years old, while women are diagnosed at 62 years old [28].

With a high probability, CAC develops in people with obe-
sity, dyslipidemia, arterial hypertension, hyperglycemia, genetic
predisposition, chronic kidney disease, high levels of C-reactive
protein and fibrinogen, which are also risk factors for the devel-
opment of atherosclerosis [29].

Treatment of coronary artery calcification

Current treatments for CAC can be divided into two main
categories: ablation techniques and balloon angioplasty. The
ablation techniques include rotational atherectomy (RA), orbital
atherectomy (OA), and excimer laser coronary atherectomy, all
of which are effective in removing calcium deposits and restoring
arterial patency [30].

Over the past decade, there has been a significant shift away
from ablative techniques. Optical coherence tomography-guided,
and intravascular ultrasound-guided RA and OA primarily target
the solid, calcified components of plaque. This process leads to
calcium cracking, flap dissection, and eventual plaque removal.
However, the roughness of the lumen wall and the high velocity
associated with these techniques can result in serious complica-
tions, such as coronary artery perforation and embolization. Con-
sequently, ablative techniques have declined in recent years [31].

RA debulks plaque and calcified lesions into small particles
between 5 and 10 um. These particles then enter the distal coro-
nary microcirculation, which may lead to up to 24% repeated RA
rates [32].

Four key factors significantly influence the outcomes of RA:
1) the eccentricity of calcium, 2) the luminal area, 3) the size of
the burr, and 4) the degree of guide wire bias. An ideal scenario
for RA, in terms of achieving predictable luminal gain, is charac-
terized by a lesion with concentric, circumferential calcium (with
a cross-section greater than 270° of calcium) and a minimal lu-
men area that is smaller than the size of the burr. Complications
associated with RA include burr lodging, coronary dissection,
and perforation; however, these risks can typically be minimized
through proper technique. To reduce the likelihood of complica-
tions during RA, it is advisable to avoid extreme tortuosity, allow
for sufficient time intervals between ablation runs, and prevent
burr deceleration above 5,000 rpm [33, 34].

Many clinicians have observed a high incidence of recur-
rent arterial stenosis following RA. The ROTAXUS trial (Rotational
Atherectomy Prior to TAXUS Stent Treatment for Complex Native
Coronary Artery Disease) is a randomized, active-controlled su-
periority trial. It compares a strategy of rotablation followed by
stenting to standard therapy, which is stenting without prior ro-
tablation. The procedure involved the use of the polymer-based,
slow-release paclitaxel-eluting Taxus Liberté stent (paclitaxel-elut-
ing stents (PES); Boston Scientific, Boston, Massachusetts) and
was conducted on 240 patients with moderate to severe calcifi-
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Mo AaHHbIM NUTEPATYPbl eCTb YeTbipe daKTopa, CyLLeCTBEHHO
BAMAIOLLMX Ha pe3ynbTaT PA: ypoBeHb KanbLuA, niowaib npocseTa
apTepuu, pasmep Bypa, cTeneHb CMELLEHUA HANPaBAAIOLLEH NPoBO-
NOKW. ONTUManbHbIMK ycnoBMAMK ANA 3GGEKTUBHOMO NpoBeseHuA
PA asnatoTca nopaxeHne KA C KOHUEHTPUYECKMM PacnonoXKeHnem
Kanbuus (nonepeyHoe ceyeHue Kanbuua >270°) U MUHMMANbHOW
nAoWaAblo NPOCBETa (MeHbLLE, YeM pasmep bypa). YTobbl nsbexatb
OCNOXKHEHWM, CBA3AHHbIX C 3acTpeBaHuem bBypa, paccioeHvem KA u
nepdopauypeit, peKOMeHAyeTca He WUCMNOMb30BaTbh C/IMLIKOM MW3BU-
nvcTble NyTM M obecneunBaTb AOCTAaTOUHbIE BPEMEHHbIE MHTEPBAbI
MeXAYy LUMKNaMKU abnaummn. 3To NOMONKeT NpesoTBPaTUTb 3ameaie-
HWe BpalyeHua Bypa 4o ckopocT meHee 5000 060pPOTOB B MUHYTY
[33, 34].

MHorMe KAMHULMCTBI 0OpallaloT BHMMaHWE Ha pasBuUTMe
60/1bLIOT0 KONMYECTBa PeLMAMBOB CTEHO3a apTepuii nocne PA. B uc-
cneposanmn ROTAXUS cpasHuBanocb YKB ¢ PA B coyetaHum ¢ anto-
MpOBaHMEM NakAuTakcenom u ctaHaaptHoe YKB y 240 naumeHToB C
KanbunduKaLmen oT yMepeHHOW 0 TAXKENON cTeneHu. PA pelicTeu-
Te/IbHO accoLMMPOBAnach C yBeauYeHMeM NPOCBETA, HO TaKke U ¢
obocTpeHnem Yepes 9 mecsLes. bonee TOro, HUKAKOM PasHULLbI B KK-
HMYECKOM 1cxoae He Habatoganock nocae 2 et HabaoaeHus [35].

OA sBnsetcs 6onee HoBbIM MeToAoM NedeHns KKA. [eicteue
OA 3aknito4aeTca B BbICTPOM NNUNTUYECKOM BPALLEHUM KOPOHKM C
nocTeneHHbIM yBeAnyeHnem auametpa aptepun. Cuntaetca, uto OA
MOKET OKa3blBaTb U3bMpaTeNbHOe AENCTBME HA KECTKMUI KaNbLUHK-
POBaHHbIV KOMMOHEHT, B TO BPEMA KaK 3[40p0OBaA NOAAT/IMBAA TKaHb
MOMKET U3rnbaTbCs 1 coxpaHaTbeA [36].

Wceneposanne ORBIT npozemoHcTpupoBano 6e3onacHoCTb U
LenecoobpasHocTb Mcnonb3osaHua OA B rpynne us 50 nauueHToB,
NPOAEMOHCTPUPOBAB yCnex NPUMEHEHNA YCTPOCTBA C COXPaHEHNEM
0CTaTo4HOro cTeHo3a <50 % B 98% cnyyaeB v 06 ycnexe npoLeaypbl,
NpW KOTOPOM B COYETaHUM CO CTEHTMPOBAHMEM OCTAaTOYHbIN CTEHO3
cocTasnseT meHee 20% B 94% cnyyaes [37].

PesynbTaTbl ApYroro uccief0BaHUmM (MPOCNEKTUBHOE, OAHOLIEH-
TPOBOE, HEPaHAOMM3MPOBAHHOE) MOATBEPAMNO MNpesBapUTe/bHble
pe3ynbTatbl ORBIT Ha 6onee KpynHOM KoropTe naumeHTos (443 nauy-
eHTa B 49 ueHTpax CLUA), nokasas ycnewHoe npvMeHeHue yCTpow-
ctBa 98,6% 1 npoueaypHbIi yenex 91,4%, ¢ yactotoi 2,3% TAKENbIX
KOPOHapHbIX Anccekumit [38].

PaboTa sKcMMepHOro nasepa, KoTopblii 6bi BepBble NPUMEHEH
bonee 2 gecaTMNeTUit Hasag, OCHOBaHa Ha npuHUMne Gpotoabaauum
aTepOCKNEePOTUYECKON BAALIKK. Jlasep Npou3BOAMT abaaumto aTepo-
CKNIEPOTUYECKOr0 MaTepuana € NOMOLLbI 3 OCHOBHbIX MeXaHU3MOB:
1) dotoxmmmyeckoro (NyTém paspbiBa MONEKYNAPHbIX CBA3eH), 2)
dototepmuueckoro u 3) potomexaHnyeckoro. HecmoTpsa Ha Hannume
orpaHuyeHnsa B NPUMEHEHUM KOPOHAPHOTO N1a3epa, B €ro Nonb3y Ae-
naetca BbIbOp (Npu ycnexe 93%) Npy NeYeHUM KanbLMeBbIX NopakKe-
HuiA. Mpu paboTe ¢ Nasepom HEOOXOAMMO YUMTbIBATb, YTO YBEMYE-
HWE LONW KanbUnbMKaLMKM CHUKAET 3G dEKTUBHOCTb Nasepa [39].

Takke NpUMeHAEeTCA U APYroi MeTos, BMeLIaTeNbCTsa C UCNosb-
30BaHMEM pexyLLero 6annoHHOro KaTeTepa, COCTOALLEro U3 HenoaaT-
JIMBOTO 6asI/I0Ha C HANMYMEM 3-X MUKPODBIENAMHIOB, YCTaHOBIEHHBIX
NPOLONbHO Ha MOBEPXHOCTU C LIe/Nbl0 CO3LaHWA Pa3pe3oB BHYTPU
aTepOCKNEePOTUYECKON BAALIKM NpW HagyBaHuM HGannoHa. Mpeumy-
LLLeCTBOM AaHHOW TEXHUKM ABNAETCA €€ CNOCOOHOCTb CHUMATb PacTa-
KeHWe v NoBpeXAeHNe CoCy0B 3a CHET NPOAOALHOTO Hafpesa cocy-
[1a U KOHTPO/IMPYEMOTO YCTPAHEHWUA aTePOCKIEPOTUYECKOMN BAALIKM.
[Mpy 3TOM NOKa3aHO, YTO MPU TAXKENBIX KOPOHAPHBIX CTEHO3aX PeyY-
LaA aHTMOMNACTMKA TepAeT CBOE NPEBOCXOACTBO MO CPABHEHMIO CO
CTaHAAPTHbIMK 6annoHaMK, M NO3TOMY €€ MPUMEHEHWE OrPaHUYEHO
B NoA06HbIX cnyyasx [40].
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cation. Although RA was initially linked to a higher acute lumen
gain, it showed that in-stent late lumen loss was more significant
after 9 months. Furthermore, after 2 years of follow-up, no signif-
icant difference in clinical outcomes was observed [35].

OA is a newer treatment option for CAC. It works by rapidly
rotating the crown in an elliptical motion, gradually increasing the
diameter of the artery. It is believed that OA may selectively tar-
get the hardened, calcified components while allowing healthy to
flex away from the crown and be preserved [36].

The ORBIT | study demonstrated the safety and feasibility
of OA within a cohort of 50 patients, reporting a device success
(defined as residual stenosis <50% after OA) in 98% of cases and
procedural success (defined as residual stenosis <20% after stent-
ing) in 94% of cases [37].

The ORBIT Il study, which was prospective, single-arm, and
nonrandomized, further confirmed the preliminary results of the
ORBIT I study in a larger cohort of 443 patients across 49 US cen-
ters. The study demonstrated a device success rate of 98.6% and
a procedural success rate of 91.4%. Additionally, there was a 2.3%
incidence of severe coronary dissections, classified as types C, D,
E, and F, by the National Heart, Lung, and Blood Institute [38].

The excimer laser, first used over 20 years ago, operates on
the principle of photoablation to remove atherosclerotic plaque.
Excimer laser tissue ablation within the cardiovascular system
is mediated through three distinct mechanisms: photothermal,
photochemical, and photomechanical. Despite some limitations
in its application for coronary procedures, the excimer laser re-
mains a preferred choice, with a 93% success rate in treating cal-
cified lesions. However, it is important to note that an increase
in the extent of calcification can reduce the effectiveness of the
laser [39].

Another intervention method is the cutting balloon, a spe-
cial non-compliant balloon catheter with three micro-blades ar-
ranged longitudinally on its surface. Upon inflation, these blades
create incisions in the plaque. The key advantage of this tech-
nique is its ability to reduce vessel stretch and injury by scoring
the vessel longitudinally rather than causing an uncontrolled dis-
ruption of the atherosclerotic plaque. However, in cases of severe
coronary stenosis, studies have shown that cutting angioplasty
does not provide better outcomes than standard balloon angio-
plasty, which limits its use in such situations [40].

Lithoplasty is a technique used to treat vessel stenosis by
utilizing localized high-speed pressure waves to disrupt calcium
deposits. This method provides a significant advantage in treat-
ment. Studies have indicated that lithoplasty can remove the
calcified structure in 43% of cases, and it is even more effective,
with a 77% success rate, in patients with significant coronary ar-
tery calcification. Moreover, reports indicate that the procedure
is free from major complications, such as coronary artery perfora-
tion or extensive dissections [41].

CONCLUSION

Currently, CAC is an important concern in cardiology. Calcifi-
cation and atherosclerosis of the CA are interconnected process-
es that coincide. CAC can develop due to genetic predisposition,
age-related factors, and other medical conditions. Local and sys-
temic factors disrupt the integrity of the myocardial vascular lay-
ers, leading to calcified atherosclerotic plaques, which play a sig-
nificant role in developing calcified myocardial vascular lesions.
Calcification is classified into several types: primary, secondary,
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JITonnacTuka npeacTaBset coboii COBPEMEHHbI METoA, ieye-
HuA KKA, KOTOpbII 3aK/IH04aeTCcA B YMEHbLUEHWU CTEHO3a COCYA0B B
pe3y/nbTaTe BO3AENICTBIUA NOKAIM30BAHHbIX BbICOKOCKOPOCTHbIX BOMH
[LaBNEHVA AN1A PaspyLLIEHUA IyBOKMX 04aroB OTNONKEHWA KanbLus, B
YEM M 3aK/IK0YAETCA NPEMMYLLECTBO A@HHOTO MeToAa. ABTOpbI Npoze-
MOHCTPVPOBAK, YTO IMTOM/IACTUKA MOMKET NPUBECTU K PaspyLLEHMIO
KaNbLUMHWUPOBAHHOM CTPYKTYpbl B 43% cnyvaes. OBHapyKeHo, YTo
3 EKTUBHOCTb METOAA HAaMPAMYIO 3aBUCHT OT BbIPAXKEHHOCTMU Kaslb-
umdmKaumu. bonee BbICOKas YacToTa paspyLUEHMS Ka/lbLIMEBbIX CTPYK-
Typ (77 %) oTMeYaeTcA Npu BbICOKOW CTeneHu Kanbumduraumm KA. B
McCNesoBaHMAX He Co0bLLaN0Ch O BOSHUKHOBEHUM KaKMX-1MB0 3Ha-
UMMbIX OCNIOXKHEHMI (nepdopauma KA, oblmpHble paccnoenus) [41].

3AKNIOYEHUE

KKA Ha JaHHbIi MOMEHT ABNIAETCA aKTya/lbHOM MaTonorven B
KapAMONOrMYecKomn NpakTuKe. KanbLMHO3 1 aTepOCKNEPO3 BEHEYHDBIX
apTepuii — NpoLecchl B3aMMOCBA3aHHbIE U MPOTEKAoLLME CUHXPOHHO.
KKA MoKeT pa3BMBaTbCA B pesynbraTe Hac/eACTBEHHOW npeapacmno-
JIOKEHHOCTU, BO3PACTHBIX MPUYMH, HANMYUA COMYTCTBYHOLLMX 3abone-
BaHWI. B naToreHeTMYeCKMX NPOLLECCAX PA3BUTHA KaNbLMHUPOBAHHO-
ro NMOPAKEHUA COCYA0B MUOKApAa Y4acTBYHOT MECTHbIE U CUCTEMHbIE
baKTOpbl, BbI3bIBAOLLME HAPYLIEHME LENOCTU UX CNOEB U 0bpa-
30BaHWE KaNbLMeBbIX OAALIEK aTePOCKNEPOTUHECKOro XapaKTepa.
KanbLyMHO3 pa3nunyatoT NePBUYHBIA U BTOPUYHDBIN, AUCTPODUYECKIUNA,
MeTacTaTUYeckuin, u metabonnyeckunii. CteneHb KanbLMHO3a Paccum-
TbIBAETCA Pa3HbIMM METOZAMM, B TOM YMCAe No AraTcToHy. HecmoTps
Ha YCOBEpPLUEHCTBOBAHWE METOA0B AMATHOCTUKM U LIMPOKUIA CMEKTP
pa3paboTaHHbIx cnocobos neveHus KKA, BHyTpucocyauctas auarHo-
CTMKA Ka/bLyHO3a U BbIOOP ONTUMAsIbHOTO METOAA BOCCTAHOB/IEHMA
NpoCBEeTa COCYAa IO CUX MOP ABAAKOTCA C/I0KHOW 3adadeid. Mpw nér-
Kol opme NaToNorMM MOXKET MCMOIb30BaTbCA BANNOHHbIN MeToA.
Mpu 6onee BbICOKOM CTENEHW KanbLyMHO3a NOTPebyeTca NpUMEHEHVE
6onee arpeccBHOrO BMELLATENbCTBA C BK/IOYEHUEM METOA0B abns-
LMW B BUZE POTALMOHHOMN 1 0pbuTanbHOM aTepakToMuid. brarogaps
NpoCTOTE UCMONb30BaHUA, Gonee KOPOTKOMY OBYYEHUIO METOAMKU
CMEeLManucToB v NPAMOMY BO3LEWCTBUIO KAk Ha MOBEPXHOCTHOE, TaK
1 Ha ryboKoe KasnbLyeBoe nopaxeHue, 6annoHHas UTOMNNACTUKA,
no-BUAYMOMY, ABAAETCA Hanbonee NPeLNoYTUTENbHOW METOAMKON.

dystrophic, metastatic, and metabolic. The degree of calcifica-
tion is measured using various methods, including the Agatston
score. Despite advancements in diagnostic methods and various
treatment options for CAC, intravascular diagnostics of calcifi-
cation and selecting the optimal approach to restore the vessel
lumen remain challenging. In cases of mild calcification, balloon
angioplasty may be employed. However, more advanced calcifi-
cation stages necessitate more aggressive interventions, such as
ablation techniques, including RA and OA. Balloon lithoplasty is
preferred due to its ease of use, shorter training period for spe-
cialists, and effectiveness in addressing superficial and deep cal-
cification.
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