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Lienb uccnepoBaHuA: NPOBECTU CPABHUTENbHbIN aHaIM3 MHTPAONEPALLMOHHbBIX Pe3ynbTaToB 3GGEKTUBHOCTU METOA0B IHAOBACKYIAPHONO SeYeHus
KanbLIMHO3a KOPOHapHbIx apTepuit (KKA).

Martepuan n metogpbl: 3a nepuog, ¢ 2017 no 2022 rr. obcnesosaHo v onepuposaHo 209 naumeHToB ¢ KKA. BosbHble Bbin pasgeneHbl Ha 2 cono-
CTaBMMble rpynMbl: OCHOBHYH — NaLMEHTbI, NPOONEPUPOBAHHbIE COYETaHUEM POTALMOHHOW aTepakTomuu (PA) ¢ nocnenytoLieit aHriMonnacTUKoi 1
cteHTMpoBaHnem KA — 71 yenosek. KoHTponbHas rpynna BkAtoYana 138 naumeHToB, NPOOMNEPUPOBAHHbLIX CTaH4APTHON METOAMKOM — B6annoHHON
aHrMOMAACTUKOM CO CTEHTUPOBAHUEM, B TOM UYMC/IE U TEX, UbA ONepaLmsa He Mor/ia bbITb ycrnelwHo 3aBeplueHa 6e3 PA — 14 yenosek. B ocHoOBHOM rpynne
ana PA ncnonb3oBaH poTaLMOHHbIN Byp, Npyu HEOBXOAMMOCTU — raita-3KcTeH3op. MauueHTam obenx rpynn ycTaHaBAWBAUCh CTEHTbI C JIEKApCTBEH-
HbIM (CMPONUMYC) NOKPBITUEM.

Pe3ynbratbl: B Ka4ecTBe KPUTEPUEB OLIEHKU MHTPAONepaLIMOHHbIX PE3y/IbTaToB bblM MCMOb30BaHbI CNeAyoLWMe NapameTpbl: AUTENbHOCTb Onepa-
Lmnu, Bpems peHTreHorpadum (PT), ycnewHocTb (B %), Ny4eBas Harpyska Ha nalMeHTa, pacxof UHCTPYMeHTa (6annoHbl, MPOBOAHUKM). JMTeNbHOCTb
onepauuu, spems Pl 1 NoroLwEHHan 403a B OCHOBHOM rpymnne OKa3aancb CTaTUCTUYECKM 3HAYMMO MeHbLUE, Yem B KOHTponbHOW (p=0,0293; p=0,0448
1 p=0,0355 cooTBETCTBEHHO). YCNELWHOCTb ONepaLLmMm B OCHOBHOI rpynne coctasuna 100%, 8 KOHTPObHOW — 89,9%, YTO ABMNOCH CTAaTUCTUYECKM 3Ha-
yumbim (p<0,05). ObLLEee KOMYECTBO M3PaCXOA0BaHHbIX MPOBOAHMKOB/6an/I0HOB, COCTaBMIO: B OCHOBHOM rpynne — 107/179 wTyk Ha 71 naumeHTa
(1,5% 2,5 WTYK COOTBETCTBEHHO Ha 1 naumeHTa), B KOHTPOAbHOM — 302/659 WTyK Ha 138 60/1bHbIX (2,2 1 4,8 WITYK COOTBETCTBEHHO Ha 1 nauueHTa). U3
[aHHbIX PacYETOB BMAHO, YTO B OCHOBHOW rpynmne 6bli0 M3pacxofoBaHo NoyTH B 1,5 pasa MmeHbLLe MPOBOAHWKOB M MOYTK B 2 pa3a MeHblue 6anioHoB
MO CPABHEHMIO C KOHTPOALHOW rpynnoit (p<0,05).

3aKnoyYeHne: CPaBHUTEIbHAA OLLEHKA MHTPAoNePaLMOHHbBIX Pe3y/ibTaToB 060CHOBbIBAET 3B HEKTUBHOCTb 3HAOBACKYAPHOO NedeHns KKA ¢ ucnonb-
30BaHWEM POTOPHOW aTEPIKTOMUM.
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Ansa umtuposanua: ®egopos AC, LUnwkesny AH, Kpasuyk BH, Acasynaes LLIM, Mopembckas Ofl, YmaHues EM, MypatbekoBa YM. CpaBHUTE/IbHbIN aHanu3
METOA0B 3HAOBACKY/IAPHOTO /IeYEHNA KaNbLMHO3a KOPOHAPHBIX apTepuii NpU CTEHTUPOBAHUM: MHTPAONEPALIMOHHbIE Pe3y/bTaTbl UCCNIEA0BAHUA. BecmHUK
AsuueHHsl. 2025;27(2):350-61. https://doi.org/10.25005/2074-0581-2025-27-2-350-361

COMPARATIVE ANALYSIS OF ENDOVASCULAR TREATMENT METHODS FOR
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Objective: To perform a comparative analysis of the intraoperative outcomes of endovascular treatment methods for coronary artery calcification
(CAC).

Methods: A total of 209 patients with coronary artery disease (CAD) were examined and underwent surgery between 2017 and 2022. These patients
were divided into two comparable groups: the main group, which consisted of 71 patients operated on using a combination of rotational atherectomy
(RA) followed by angioplasty and stenting of the coronary artery, and the control group, which included 138 patients who were treated using the
standard technique of balloon angioplasty with stenting. This control group also included 14 patients whose surgeries required RA to be completed.
In the main group, a rotating abrasive burr was utilized for the RA procedure, and a guide extension catheter was used when necessary. All patients in
both groups received the sirolimus-eluting coronary stent.

Results: The following parameters were used to evaluate the intraoperative outcomes: operation time, radiography examination time, surgical success
rate (%), radiation exposure to the patient measured by absorbed dose expressed in milligrays (mGy), and equipment consumption (angioplasty
balloons, guidewires). The duration of surgery, RG examination time, and absorbed radiation dose in the main group were statistically significantly
lower than those in the control group, with p-values of 0.0293, 0.0448, and 0.0355, respectively. The surgical success rate in the main group was
100%, compared to 89.9% in the control group, which was statistically significant (p<0.05). The total number of guidewires and balloons used was as
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follows: in the main group, 107 guidewires and 179 angioplasty balloons were consumed for 71 patients (averaging 1.5 guidewires and 2.5 balloons
per patient), while in the control group, 302 guidewires and 659 balloons were used for 138 patients (averaging 2.2 guidewires and 4.8 balloons per
patient). These calculations indicate that the main group utilized almost 1.5 times fewer guidewires and nearly twice as few angioplasty balloons as
the control group (p<0.05).

Conclusion: Comparative evaluation of intraoperative results substantiates the effectiveness of endovascular treatment of CAC using rotational
atherectomy.
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BBEOEHUE

PacnpocTpaHEHHOCTb CepaeYHO-COCYAUCTbIX 3aboneBaHUin B
MMPE COXPAHAET NasibMy NEPBEHCTBA HA NPOTAXKEHUM NOCNEAHUX fe-
CATUNETUI, YTO 0BYCNAaBIMBAET HEYTaCAEMbIN MHTEPEC CMELMannCTOB
K YTOYHEHUIO MeTOLO0B feyeHns. OgHMM u3 Hanbosee pacnpocTpa-
HEHHbIX HapYLWEHWUI, BAVAIOLLMX Ha AEATENbHOCTb CepaLa, ABNAETCA
06pa3oBaHMe KasbLMHATOB B KOPOHapHbIX apTepusax (KA), Kotopble
ABNAIOTCA CNEACTBMEM BO3PACTHOM AereHepaLmm BCeX CUCTEM opra-
HM3Ma U TPebyIoT NPUCTANbHOMO MEAMLMHCKOrO BHUMaHUS.

MHorme crneumanmucTbl OTMEYAOT BAXKHOCTb Y4éETa aHaTOMM-
yeckmx ocobeHHocTei KA npu BbiIbope mMeToAa MHTEPBEHLIMOHHOMO
NeyeHns KanbumHosa [1, 2]. Bnarogaps ycnoBHO CermeHTapHoMy
fdeneHvio KA Ha y4yacTKu, y4éTy TMna KOPOHapHOro KpoBoobpalle-
HWA, 0CODEHHOCTAM YPOBHS PACMONONKEHUA YCTbeB apTepuil U T.4.,
NIOKaNN3aLUMa B HUX Ka/lbLMHATOB CTaHOBUTCA 6osiee MOHATHOM. Tem
He MeHee, 3TO BAMSAET Ha TPYAHOCTU peannsaumum paaa MeToaoB Xu-
pPYpruyeckoro BMeLLaTeNbCTBa Npy NaToNOrMYecKoOM U3MEHEHUM KO-
POHAPHOrO Pyc/a, MHOFOOYarOBOM aTepPOCKNEPOTUHECKOM MopaKe-
HuM KA, a MHOrA@ M K HEBO3MOMHOCTM MCMONb30BaHUA MHBA3UBHBbIX
meToz0B [3]. B nocnegHem ciyyae BaXkKHYH PO/ib OTBOAAT MeLMKa-
MEHTO3HOW Tepanuu aTepoCKIepoTUYECKOTo npoLiecca. OfHaKo, Kak
OTMEYatoT HEKOTOpbIE MCCAEA0BATENN, MOKa3aTeNb KaibLMpUKaLLUm
KopoHapHbIx apTepuit (KKA) He yKasbiBaeT Ha 06LWMIA pUCK aTepo-
CKNEepPOTUYECKUX M3MeHeHMM B KA [4].

OTtHeceHue npouecca KKA He ToNbKO K daKkTopam puCKa BO3-
HUKHOBEHMA 3ab0NeBaHWI cepaLa, HO U Kak K dakTopam, obycnasau-
BAOLLLMM MPOABAEHWE NOCNEAYIOLLUX OCOKHEHWUM, AAET OCHOBaHME
MHOTOYMCIEHHBIM UCCNEA0BAHMAM 3PGEKTUBHOCTM METOLOB fleve-
HUA KKA. BONbLUMHCTBO KapAMOXMPYProB OTMEYAEeT, YTO MeXaHU3MbI
KanbUMPUKaLMM ABAAKOTCA CNOXKHO PEryINPYEMbIMKI, U MPY ONpeae-
NEHHbIX daKTopax BepOATHOCTb pa3suTUs BTopuyHOro KKA Bospac-
TaeT, YTO NPUBOAMUT M K PUCKY PECTEHO3a Y MALMEHTOB C CEPLAEYHOM
HeZ0CTaTOYHOCTLIO [5].

BakHbIM ABASIETCA NOAO0P aLEKBATHOTO METOAA SHA0BACKYAAP-
HOTO JIeYeHMA KaNbLMHO3a M MPUMEHEHME CTEHTOB C ONPEAENEHHBIM
NIeKapCTBEHHbIM MOKPbLITUEM. B YacTHOCTW, UMELOTCA UcCceaoBaHNs
COMOCTaBMMOCTU aOPTOKOPOHAPHOro WyHTMpoBaHua (AKLL) u stan-
HOW 3HA0BACKYNAPHON PEBACKYNAPMU3aLMU MUOKApAA, Y4UTbIBAIO-
e NeKapCTBEHHOE MOKPbITME CTEHTOB MPU OCTPOM KOPOHapHOM
cuHapome (OKC) un nwemmyeckoi bonesun cepaua (MBC), Kotopble
YKa3bIBakOT Ha OTCYTCTBME CTAaTUCTMUYECKM AOCTOBEPHbIX OTIMYMIA NpK
LOCTUXKEHUN pe3ynbTaTa. [pyu 3TOM aBTOPbI OTMEYALOT, YTO MaLMEHT
334acTyto cam BbIOMPAET MeToZ, PeBacKyNApu3aLMm, YTo BAWAET Ha
TaKTUKY XMpPYypruyeckoin uHTepseHuuu [6]. MocnegHee pecatunetne
HaKOMWNO ONbIT KJAMHWUYECKUX WUCCNefoBaHWi 3OdEKTUBHOCTU UC-
M0/1b30BaHWNA CTEHTOB C SIEKAPCTBEHHbIM MOKPbITUEM CUPOANMYC NP

INTRODUCTION

The prevalence of cardiovascular diseases worldwide has
remained the highest over the past decades, which underscores
the persistent interest of specialists in refining treatment meth-
ods. One of the most common disorders affecting heart function
is the formation of calcifications in the coronary arteries (CA), a
consequence of age-related degeneration of various bodily sys-
tems that require close medical attention.

Many experts emphasize the importance of considering
the anatomical features of the coronary artery when selecting a
method of interventional treatment for calcification [1, 2]. Due
to the conditionally segmental division of the CA, which includes
sections based on the type of coronary circulation, the level of
arterial orifices, and other factors, the localization of calcifica-
tions becomes clearer. Nevertheless, the same factors affect the
implementation of several surgical intervention methods in cases
of pathological changes in the coronary bed, multifocal athero-
sclerotic lesions of the coronary artery, and, in some cases, the
impossibility of invasive procedures [3]. In such instances, drug
therapy for atherosclerosis plays an important role. However,
as some researchers point out, the coronary artery calcification
(CAC) score does not accurately reflect the overall risk of athero-
sclerotic changes in the coronary artery [4].

Classifying the CAC not only as a risk factor for heart dis-
ease but also as a catalyst for subsequent complications provides
a foundation for numerous studies on the effectiveness of CAC
treatment methods. Most cardiac surgeons observe that the
mechanisms of calcification are challenging to regulate, and un-
der certain conditions, the likelihood of developing secondary
CAC increases, which also contributes to the risk of restenosis in
patients with heart failure [5].

Therefore, selecting an appropriate method for endovas-
cular calcification treatment and utilizing stents with specific
drug coatings is crucial. Research has specifically investigated
the comparability of coronary artery bypass grafting (CABG) and
staged endovascular myocardial revascularization. The research
examines the benefits of drug-eluting stents in acute coronary
syndrome and coronary artery disease (CAD). The studies indi-
cate no statistically significant differences in the effectiveness of
these treatments. At the same time, the authors note that pa-
tients often opt for the revascularization method, which influ-
ences the surgical intervention strategy [6]. The past decade has
accumulated experience from clinical studies assessing the safety
and efficacy of the sirolimus-eluting stents in endovascular myo-
cardial revascularization, leading to recommendations for using
third-generation stents in clinical practice [7].
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9HA0BACKYNAPHOW peBackynapusaLmmM muokapaa. bnarogaps atomy
cTeHTb! Il noKoneHna pekomeHA0BaHbl ANA UCNONb30BAHWA B MPakK-
Tuke [7].

PacnpocTpaHeHne YpecKoKHOro KOPOHAPHOTO BMeLLATeIbCTBa
(YKB) ans nedveHna nopaskeHnit KA BbIABMNO pAAa, NPEnATCTBUM K
NPUMeHeHno AaHHOro metofa. A umeHHo, KKA, Bcneactsme cnox-
HOCTV TOYHOW BHYTPUCOCYAMCTON AMArHOCTVKM, OCTIOKHAET npoLecc
ncnonb3osaHna YKB npu peBackynapusaLmm MUoKapaa u 3aTpyaHaeT
MMNAAHTaLMIO CTEHTOB. Kpome TOro, MexaHuyeckas AunataLma Kopo-
HapPHbIX KaabLMPUKATOB CONPANKEHA C NOBPEKAEHNEM YIKE NOPAKEH-
HbIX COCY,0B, YTPATUBLLKX CBOO 3N1aCTUHHOCTb U XapaKTePU3YIOLLMXCA
HEO4HOPOAHOCTbIO CTPYKTYpbI. MoaTomy nonbop meTosa ycTpaHeHUs
Ka/IbLIMHUPOBAHHBIX CYy}KEHWUI BEHEUHbIX apTepuit ABNAETCA aKTyasb-
HoW Npobaemoii 1 WMPOKo obcyskaaeTcs [8].

CTaTUCTVKA BO3HMKHOBEHWSA OC/OMKHEHWI NPK KOPOHAPOaHTMO-
rpacdum Bapbumpyet ot 0,8 f0 1,8%, TOraa Kak Npu KOPOHAPHbIX MHTEP-
BEHLMAX OHa Bo3pacTaeT 40 9% [9]. ITv e faHHbIe NOATBEPHKAAOTCA
aHaNM30M ATPOTEHHbIX MOBPENAEHUN COCYL0B (OCNOKHEHWN, NHAY-
LIMPOBAHHbIX BPAYebHbIMU MAHUMYAALMAMM B NpoLEecce npumeHe-
HWA MHBA3MBHbIX MeTOA0B AnarHocTUKK) [10]. COOTBETCTBEHHO, YUYET
MHOrOYMCNEHHbIX (GaKTOPOB pPa3BWUTUA MNpouecca KanbLudUKaLmm
COCYZl0B Y NaLuMeHTa NO3BONAET CKOPPEKTUPOBATb METOAMKY MHTEp-
BEHLMOHHOIO JIeYEHWSA, CHUMKALOLLYIO NMOABNEHUE OCNOXKHEHWIA B OT-
JanéHHoM nepuoge.

OTaenbHble pPaHAOMM3MPOBAHHbIE WUCCNEA0BAHUA CBUAETENb-
CTBYIOT O Pa3HOW CTeneHN YCNewHOCTU UCMNOIb30BAaHNA METOA0B KO-
pOHapHOW 6aNNOHHOW aHTMONAACTUKM M POTALLMOHHOMN aTePIKTOMMUK
(PA) Mpu neyeHUM KaNbLUMHWMPOBAHHBIX MOPAXKEHUIA KOPOHAPHbIX
cocyzioB. MHTpaonepaLmoHHbIN nepuos xapaktepusyetca 1,2% ne-
TaNbHOCTU. Hannune 6anKaiiuero nosoxMTeNbHOTO pesynbTata Au-
arHoctupyetca y 90% naumeHTos. Mpu 3TOM pecTeHo3bl pa3BMBaoTCA
y 40% npoonepupoBaHHbIX. [TOBTOPHOE IKCTPEHHOE XMpYpruyeckoe
BMeLLaTeNbCTBO TpebyeTtca mwb B 6% cnyyaes. COrnacHo npuBeaéH-
HbIM aHHbIM, 95% 3ab0/1€BaHMUIA CepALLa CBA3aHbI C aTePOCKIEPOTH-
Yeckumm nsmeHeHmamm KA [11].

PA cTaHOBUTCA HEOOXOAMMOM NPU NEYEHUU CNONKHDBIX KaabLy-
HUPOBAHHbIX NOPAXKEHW KOPOHAPHOro pycna. Mo HeKoTopbiM AaH-
HbiM, PA sBnseTcA METOAOM MEepBOM JIMHUM, KOTOPbIA Mo3BOAAET
yCTaHaBAMBaTb GaNNOHbI UAW CTEHTbI Yepes TANENble KanbLUHUPO-
BaHHble nospexaeHna. OfHaKo eé 1cnonb3oBaHWe He yMeHbLUaeT
4acToTy NO3AHEN NoTepu NPOCBETA LieN1eBOV apTepum Yepes 9 meca-
ues. Cpeay OTAANEHHbIX pe3ynbTaToB MCNoAb30BaHMA PA oueHuBatoT
aHrnorpaduryeckmin ycnex npoueaypbl, YacToTy pecTeHo3a, TPom603
CTEHTa, @ TaKXe pasnnyHble HebnaronpuATHble cepaeyHble cobbiTuA
(kapamanbHas cmepTb, NOBTOPHAA peBackynapusaums u ap.) [12]. Ha-
npumep, B AnoHMM PA nonyunna yHUKanbHoe passuTue, bnarogaps
60onee LWMPOKOMY UCMO/b30BaHUIO BHYTPUCOCYANCTbIX METOAOB BU3Y-
ann3aumm, Taknx Kak BHYTPUCOCYANCTOE YNbTPa3ByKOBOE UCCen0Ba-
Hue (IVUS) unmn ontuyeckan KorepeHTHas Tomorpadus (OCT), nosso-
NALWMX ONPeAenUTb TONLUMHY Kanbupudukauum. MognduumposaHme
meTof0B PA N03BOAMAO ANOHCKUM CNELMaNNCTam NoaAyYnTb AOKa3a-
TeNbCTBA B OTHOLIEHUM UX 3dpdeKTUBHOCTH [13].

dsontouma crtpatermn npumeHenna PA B nedeHun KKA ¢ ak-
LLEHTOM Ha MoaMdUKaLMio ovyara nopasxeHua ana obneryenusa 6an-
JIOHHOM aHMMOMNNACTUKM U CTEHTUPOBAHUA NPUBENa K 3HaUMTEIbHbIM
[OCTUXKEHUAM B 061aCT 6@30MacHOCTH NpoLeayp, BKAOYAA BO3MOXK-
HOCTb UCMO/Ib30BaHNA 060PYA0BaHUA MEHbLUIEro Kaambpa 1 pasuanb-
Horo goctyna. ONTMManbHaA MeTOAMKa U NOBbILEHHaA 6e30MacHOCTb
No3BO/W/M NPOBECTU UcCnesoBaHMe 3dekTnBHOCTU PA npu pasnny-
HbIX TUMaX MOPAKEHUA W NEePeCcMOTPETb NpoLeaypHble TpeboBaHwA,
BK/IIO4AA COCTaB NPOMbIBOYHOrO PAcTBOPA M TPAHCBEHO3HYIO dNeK-
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The increasing use of percutaneous coronary intervention
(PCI) for treating coronary lesions has brought several challeng-
es in its application to light. One major issue is the complexity of
accurate intravascular diagnostics, which complicates the use of
PCI for myocardial revascularization and hinders stent placement.
Additionally, mechanically dilating calcified coronary arteries can
damage already compromised vessels that have lost elasticity
and exhibit structural variability. As a result, selecting an effective
method for addressing calcified stenosis in the coronary arteries
has become an essential topic of discussion [8].

Complications occurring during coronary angiography range
from 0.8% to 1.8%. In contrast, during coronary interventions, this
figure rises to 9% [9]. These data are further supported by anal-
yses of vascular damage caused by medical procedures during
invasive diagnostic methods [10]. Considering various factors in
CAC allows for adjustments in interventional treatment methods,
ultimately reducing the long-term risk of complications.

Individual randomized studies show varying degrees of suc-
cess with coronary balloon angioplasty and rotational atherecto-
my (RA) for treating CAC. The intraoperative period has a mortali-
ty rate of 1.2%. Immediate positive outcomes are reported in 90%
of patients; however, restenosis occurs in 40% of those treated.
Only 6% of cases require repeated emergency surgery. According
to the available data, 95% of heart diseases are associated with
atherosclerotic changes in the CA [11].

RA has become essential for treating complex CAC. Some
data indicate that RA is a first-line method that enables the suc-
cessful placement of balloons or stents through severe CAC.
However, its use does not decrease the incidence of late lumen
loss in the target artery after nine months. Among the long-term
outcomes of RA, several factors are assessed, including procedur-
al and angiographic success, the incidence of restenosis, stent
thrombosis, and various adverse cardiac events, such as cardiac
death and the need for repeated revascularization [12]. In Japan,
the development of risk assessment (RA) has progressed unique-
ly, mainly due to the increased use of intravascular imaging tech-
niques like intravascular ultrasound (IVUS) and optical coherence
tomography (OCT). These imaging techniques enable effective
visualization and quantification of coronary calcification charac-
teristics. Improvements to RA methods have allowed Japanese
specialists to gather evidence supporting the effectiveness of the
methods [13].

The implementation of RA strategies for treating CAC has
significantly improved procedural safety by focusing on prepar-
ing calcified CA lesions to facilitate balloon angioplasty and stent
placement. These advancements have allowed for radial access
using smaller caliber equipment. Enhanced techniques and im-
proved safety measures have enabled the exploration of RA effec-
tiveness across various lesion types and a reassessment of pro-
cedural requirements, such as the composition of flush solutions
and the use of transvenous temporary pacing [14].

The extensive experience gained from various endovascular
treatment methods for CAD allows for generalizations and the
formulation of analytical conclusions about their effectiveness
[15-18]. These findings will help advance the identification of ef-
fective methods for interventional cardiovascular surgery.

PURPOSE OF THE STUDY

To conduct a comparative analysis of intraoperative out-
comes for endovascular treatments of CAC.
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TpoKapauocTumynaumio [14].

HaKonneHHbI OMnbIT UCMONb30BaHMA Pa3HbIX METOAOB 3HAO-
Backy/nsapHoro neyeHns KKA nossonset ero 0606wuts 1 chopmynu-
poBaTb aHaNUTUYECKUE BbIBOABI 06 MxX apdekTMBHOCTM [15-18]. ITO
MO3BONWT MPOABMHYTLCA Ha MYTW MOWCKA aAEKBATHbIX METOAMK WH-
TEPBEHLMOHHOW CEPAEYHO-COCYANCTON XUPYPTUN.

LLENb UCCNEQOBAHUA

MpPOBECTU CPABHWTE/IbHBIN aHaAWM3 MHTPAOMEePaALMOHHbIX pe-
3yNbTaToB 3GGEKTUBHOCTM METOAOB 3SHA0BACKY/IAPHOTO NIeYeHMUs
Ka/IbLLMHO3a KOPOHAPHbIX apTepuii.

MATEPUAN U METOAbI

AHaNUTUYECKUM  MaTepuanom MOCAYNKUAM  UHTpaonepaLm-
OHHble pe3y/bTaTbl 3HAOBACKYNAPHOrO neveHnsa naumeHToB ¢ KKA.
CobpaH 1 0606LWEH ONbIT MCMONb30BAHUA CTAHAAPTHON METOAMKM
CTEHTUPOBAHMA (6anN0HHAA aHTMONNACTUKA + CTEHTUPOBaHWE) U PA B
COYETaHWU C KOPOHAPHBIM CTEHTUPOBAHMEM.

3a nepwog, ¢ 2017 no 2022 rr. nposeseHo 6onee 200 onepauuit
C MCNoNb30BaHMEM AaHHbIX MeToAo0B. [na onpeseneHna adpdexTms-
HOCTU MeToZa OMepaTMBHOIO BMeLLATeNbCTBA ANA ycTpaHeHua KKA
6b1211 cGOPMMPOBAHDBI jBE CONOCTaBMMbIE IPYNMbl MALUEHTOB C BbIpa-
XeHHbIM KKA: 0CHOBHaA — NaLMeHTbl, TPOONepupoBaHHble COYEeTaHu-
em PA c nocneaytollent aHTMonnacTMKom n cteHTMpoBaHnem KA — 71
4eNoBeK; KOHTPO/bHAA — MaLMeHTbl, NPOONEePUPOBaHHbIE CTaHAAPT-
HOI MEeTOAMKOMN — 6aNNIOHHOM aHTMONAACTUKOMN CO CTEHTUPOBAHUEM —
138 yenoBek, B TOM Ync/e Te, YbA ONepaLma He Morna BbiTb ycnewHo
3aBeplueHa 6e3 PA — 14 yenosek.

Bnarogaps BefeHWO y4éTa BCeX NMPOOMNEPUPOBaHHbIX MaLMeH-
TOB OTOGpPaHbI Te, KOTOPblE MO Pe3y/bTaTaM KOPOHAPHOMN aHr1orpa-
bum umenn ymepeHHyto unm Taxényto crenenmn KKA.

CneslyeT OTMETUTb, YTO METOZ0B BHYTPUCOCYANCTON BU3yann3a-
LMW B KAMHUKE HA MOMEHT NPOBEAEHUA [AaHHOTO UCCNef0BaHMA He
6b1710, 4TO ABNAETCA OrPaHUYEHMEM HACTOALLErO UCCAe0BAHMA.

MpYHUMNMaNbHBIM OTIMYMEM ONEepaTUBHOMO BMELLATENbCTBA Y
MaLMEeHTOB OCHOBHOW rpynmbl ABAANOCH UCMO/Mb30BaHWE POTALLMOH-
Horo 6ypa, Npu HeobX0AMMOCTU — MPUMEHEHME Al IKCTEH30pa. B
KOHTPO/IbHOM Tpynne BCe onepauuu, 33 UCKYeHnem 14 yenosek,
B OTHOLLEHMM KOTOPbIX MCMO/b30BaHWe poTopa bblno Heobxoanumo,
BbIMOJ/IHEHbI COMIACHO TEXHONOTMMU KOPOHAPHOWM aHMMOMNACTUKM C MO-
CNneslytoLyM CTEHTUPOBAHMEM.

MauveHTam obenx rpynn ycTaHaBAMBAAWUCH CTEHTbI C JeKap-
CTBEHHbIM MOKPbLITUEM (CMPOMMYC), YTO BbIPAaBHMBANO BbIGOPKM MO
KPUTEPUIO OAHOTUMHOCTM, @ TaKXKe CYXKUIO0 CAEPKMUBAIOLLMM daKTo-
POM Pa3BUTMA BOCMAIMTE/IbHOM PeaKLym Ha CTEHT U NPeAoTBPaLLaIo
pecTeHo3. PexyLume 6annoHbl COOTBETCTBYHOLLETO AUAMETPA UCTIONb-
30Ba/INCb KaK 3Tan NpesunaTaLuym nocie 06bl4HOTO KOMMAANHCHOMO
6annoHa.

B nccnenoBaHMM MCNOIb30BaCA KOMMAEKC METOAO0B: SMNUPK-
YeCcKMX (cMcTemMaTr3aLLmMs, CTPYKTYPUPOBAHUE, aHaAN3 SMMUPUYECKMX
[aHHbIX) M CTaTUCTUYECKMX. 119 BTOPMUYHOW 06paboTKm MHTpaonepa-
LIMOHHbIX Pe3y/IbTaToB NPUMEHANNCH KPUTEPUM NPOBEPKM CTaTUCTU-
YECKOMN 3HAUMMOCTU PA3NNUUIA:

*  p-3HaueHMe uau p-value (4nA onpeaeneHUs UCTUHHOCTU

MpPU1 CONOCTaBMMOCTH PE3Y/IbTaToB);

e U-kputepuii MaHHa-YUTHW (407 ONpefeneHvs pasanuunii
MeX Ay aHTPOMOMETPUYECKUMU U KIMHUYECKUMM XapaKTe-
PUCTUKAMM MaLLMEHTOB OCHOBHOM 1 KOHTPOIbHOM rpynn);

e @-Kputepuii (F-kpuTepwit) yrnosoro npeobpasoBaHus du-

METHODS

The analytical material consisted of the intraoperative re-
sults from endovascular treatments for CAD patients. We gath-
ered and summarized our experience using the standard stenting
technique, which involves balloon angioplasty followed by stent-
ing, and the RA technique combined with coronary stenting.

Between 2017 and 2022, more than 200 interventions were
performed using these methods. To evaluate the effectiveness of
these surgical interventions for addressing CAD, we formed two
comparable groups of patients with severe CAD: the main group,
which included 71 patients who were treated with a combination
of RA followed by angioplasty and stenting of the CA, and the
control group, which consisted of 138 patients who underwent
the standard technique of balloon angioplasty with stenting. No-
tably, 14 patients in the control group required RA to complete
their operations successfully.

All operated patients were recorded, and those with moder-
ate to severe CAD, as determined by coronary angiography, were
selected for the study.

It is important to note that no intravascular imaging meth-
ods were available at the clinic during this study, which is a lim-
itation.

A key distinction in the surgical intervention for patients in
the main group was using a rotating burr and a guiding exten-
sion catheter when necessary. In the control group, all operations
followed the standard technique except for the 14 patients who
required RA.

Patients in both groups received drug-eluting stents (siro-
limus), which helped to standardize the samples and acted as a
restraining factor against inflammatory reactions to the stent,
thereby preventing restenosis. Cutting balloons of the appropri-
ate diameter were used during the predilation stage following the
conventional compliance balloon angioplasty.

The study employed various methods, including empirical
techniques (systematization, structuring, and analysis of empiri-
cal data) and statistical analysis. For the secondary processing of
intraoperative results, the following criteria were used to assess
the statistical significance of differences:

e p-value for determining the significance of differences

between groups.

e Mann-Whitney U-test to identify differences between
patients' anthropometric and clinical characteristics in
the main and control groups.

e  Fisher's angular transformation (¢-criterion) for com-
paring percentages between groups.

e Pearson's linear correlation coefficient to quantify the
strength and direction of the linear relationship be-
tween two continuous variables in the samples.

The choice of statistical criteria was based on the limitations

of their application and the conditions related to the samples in-
volved.

RESULTS AND DISCUSSION

The main and control groups were homogeneous regarding
the percentage of affected coronary arteries, the segment in-
volved (proximal, middle, and distal), and their relation to lateral
branches and the arterial orifices.

As potential covariates, we compared baseline patient char-
acteristics and clinical and intraoperative outcomes. These covari-
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Lepa (418 conocTaBneHWs NPOLEHTHbIX LOMEN MEKAY Bbl-
6opKamm);
o KoapOULMEHT NMHENHOWN Koppensaummn MupcoHa (ans Bbi-
ABNEHNA XapaKTepa U TECHOTbI CBA3W MEXIY U3MepAEMbI-
MM MOKa3aTensamu B BbIbopKax).
Bbibop KpuTepws conoctaBieHns obycnaBaMBanca orpaHuye-
HUAMM K €70 NPUMEHEHUIO 1 YCNOBUAMM K CBA3AHHBIM BbIBOPKAM.

PE3YNbTATbI U UX OBCYXOEHUE

OCHOBHaA M KOHTPO/IbHAA TPYNMbl B NMPOLEHTHOM COOTHOLUe-
HUK BblAM CONOCTaBUMbI U NO MopaxkéHHbIM KA, 1 No nokanusaumm
MOPAKeHUs B TOM WU MHOM CETMEHTE (MPOKCMMANbHbIN, CPeHUIA U
[AWCTaNbHbIN), U MO OTHOLIEHWIO K GOKOBbLIM BETBAM, 1 MO OTHOLLIEHWIO
K YCTbIO.

CpaBHMBAIUCb UCXOAHbBIE XaPAKTEPUCTUKM MALMEHTa, KIUHUYe-
CKMe 1 MHTPaonepaLMOHHble Pe3ynbTaThbl B KauecTse NOTEHLMAAbHbIX
KoBapwuaLmii. KoBapuaLmm BKIKOYANM BO3PACT, MO/, UHAEKC Macchl
Tena (UMT), kypeHue, anaber, npeawectsytowee AKLL.

PacnpegseneHve NauMeHToB OCHOBHOM M KOHTPONLHOM rpynn no
aHTPOMOMETPUYECKMM NOKa3aTeNAaM NpeacTaBaeHo B Tabn. 1.

OCHOBHbIMM XapaKTePUCTUKAMKU MaLMEHTOB obewx rpynn ss-
NANOCb Hannume u3bbITOYHON MacChl Tena M PasBUTME BO3PACTHbIX
[lereHepaTUBHbIX MNPOLLECCOB, MPOBOLMPYIOWMX  KanbLUdUKaLMIO
cocypoB. OTCYTCTBME CTATUCTMUECKM 3HAYMMBIX OTIMUMI MeXAY aH-
TPOMOMETPUYECKMMM [aHHbIMU NaLuMeHToB obeux rpynn (tabn. 1)
CBUAETENbCTBYET O BO3MOXKHOCTU UCMO/b30BaHWA NapPaMeTPOB OLIEH-
KW paga Apyrux BAMAOLWLMX GaKTOPOB MeXAY AaHHbIMM CBA3AHHbIMMU
BblbOpKamu.

MpOLEHTHOE COOTHOLUEHWE MALMEHTOB MO MOOBON MPWUHAZ-
NEeXHOCTU NpeacTaBaeHo rpaduyecku Ha puc. 1. Pacuért kputepua du-
Lepa NOATBEPKAAET, YTO CTAaTUCTUYECKU 3HAUMMBIX PA3/IMUUI MeXaY
rpynnamu Het. B 06eunx BbI6opKax MyunH npumepHo Ha 10% 6bino
60/1blLUe, YEM KEHLLMH.

CpaBHMBaeMble BbIOOPKU TaKkKe CTaTUCTUYECKM 3HAYMMO He OT-
JINYAINCH MO HAZMYMIO Y NALLMEHTOB caxapHoro aAnabeta (CA), AKLL B
aHamHe3e, TabakokypeHusa (Tabn. 2).

Bonee TpeTn NaumeHTOB B Kaxaoi rpynne ctpaganu CA. MNepe-

Puc. 1 PacnpedenieHue nayueHmos 8 2pynnax no nosogol
NpUHadAeMHOCMU, PA3au4Us — CMAMUCMUYeCcKU He3HaYUMb|
(p>0,05)

Fig. 1 Distribution of patients in groups categorized by gender; no
significant differences in gender rates in both groups (p>0.05)

Tabnuya 1 PacnpedeneHue nayueHmos no aHMPONOMeMpPUYECKUM
nokazamenam, Me [Q1,; Q3]

:Zzhr m 1.70 [1.63; 1.79]
37:{;;,1, ke 84.4 [69.3; 96.4]
Emrk'g//ﬂi 29.1[26.0; 30.0]
ey 72160, 83]

ates included age, gender, body mass index (BMI), smoking sta-
tus, diabetes, and prior CABG history.

The key characteristics of patients in both groups included
excess body weight and age-related structural changes in aging
vessels, leading to vascular calcification. The lack of statistically
significant differences in the anthropometric data between the
two groups (as shown in Table 1) suggests that these parameters
can be used to assess various influencing factors in these related
samples.

Fig. 1 illustrates the percentage of patients by gender. Cal-
culating the Fisher criterion confirms no statistically significant
differences between the groups. In both samples, there were ap-
proximately 10% more men than women.

OcHosHas rpynna, n=71
Main group, n=71

MKeHIMHb B MyX4MHbI
Females Males

KoHTponbHasa rpynna, n=138
Control group, n=138

HeHWwmHb!

B My>UnHbI
Females Males

Table 1 Distribution of patients categorized by anthropometric
parameters, Me [Q1; Q3]

p

1.72 [1.65; 1.80] =0.6124
86.1[70.0; 94.3] =0.5966
29.1[25.7; 29.0] =0.6009
70 [60; 83] =0.6813

MprmeyaHue: p — CTAaTUCTUYECKaA 3HAUUMOCTb PasNUMil Mexay rpynnamu no U-kputeputo MaHHa-YWUTHU
Note: p — statistical significance of differences between groups according to the Mann-Whitney U-test
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Tabauya 2 Xapakmepucmuka nayueHmos no conymcmeyrouium
namonouam U hakmopam pucka, n (%)

gﬂM 26 (36.6%)
AKLL B aHamHe3e .
History of CABG 20 (28.2%)
KypeHue .
Smoking 38 (53.5%)

Table 2 Distribution of patients categorized by comorbidities and risk
factors, n (%)

KoHTponbHas rpynna

Control group p
n=138
49 (35.5%) >0.05
38 (27.5%) >0.05
62 (44.9%) >0.05

NprmeyaHue: p — CTaTUCTUYECKaA 3HAUUMOCTb Pa3INUMIA MEXAY TPynnamm no Kputepuio duwwepa
Note: p — statistical significance of differences between groups according to Fisher's criterion

HecéHHoe AKLL nouTn y 30% B KaxK4oM rpynne naumeHToB CBUAETENb-
CTBYET O Ha/IMYMU XPOHUYECKON CepAeUYHON Hef0CTaTOUHOCTH. MoUTH
NMONOBMHA MaLMEHTOB CPaBHMBAEMbIX FPYNN ABAAANCH KYPUIbLLMKA-
MU. Bce 3TV daKTopbl B COBOKYMHOCTU YPaBHWUBAAN PUCKU PAa3BUTUA
OC/IOXKHEHWI B MHTPaoMNepaLMoHHOM nepuoae.

Kanbupesblit Haekc (KW), paccumtaHHbii no meToay AraTcoHa,
CBMAETENLCTBOBAN O BbICOKOM ypoBHe KKA (Tabn. 3).

He 6b1710 BbIABNEHO CTAaTUCTUYECKU 3HAUMMBIX PA3/IMYMIA B CTe-
neHu KKA y naupeHTos obemnx rpynn. COOTBETCTBEHHO, BCE MALMEHTbI,
BXOAMBLUME B BbIDOPKM MCCNEA0BAHWUA, UMEN MOKa3aHUA K CTeHTU-
POBAHMIO N XapaKTePWU30BaINCL ANArHOCTUPOBAHHBIM BbIPaXKEHHbIM
KKA.

AHanu3 AaHHbIX KOpoHaporpaduu y nauueHToB obewx rpynn
(tabn. 4) nokasan OTCYTCTBME CTAaTUCTUYECKM 3HAUYMMbIX Pa3AnyMUii
MeXaY HAMK. Y 60bLUMHCTBA BO/IbHbBIX B KaXKA0W rpynne uMen Mecto
NpaBbli TMN KPOBOCHabKeHMA. CTEHO3 AMarHoCTMpPOBaH bonee, Yem B
80% cnyyaes B Kax 4o rpynne naLnMeHTos.

AHaNorMyHbIM Cnocobom COMOCTaBAANUCH KIUHUKO-aHaMHe-
CTUYECKME AaHHble W PUCKM OMepaTMBHOMO BMeELLATeNbCTBA Mauy-
eHToB 0bewnx rpynn. PacuéTHble 3HayeHusa F-kputepua Ouwepa He
npesblwanu @*Teop=2,31, T.e. pacnonaraavcb B 30He HE3HAYMMOCTH
(puc. 2).

Takum 06pasom, UCXOLHO MPOBEAEHHBIN CPABHUTENbHDIN aHa-
2113 MO rpynnam nokasan oTCyTCTBME MEXKAY HUMM CTaTUCTUYECKM 3Ha-
YMMbIX Pa3NNYMIA, YTO NO3BOAWIO UCNONL30BATL MONYYEHHbIE Aanee
nocne BMeLIaTeNbCTBa NOKa3aTeNun, Kak HaAEXKHbIe U AOCTaTOUHble
[L19 COMOCTaBNeHUS, @ BbIBOPKU — CYUTATb OLHOPOLHBIMM.

B kauyectBe paboumx rmnotes OblaM BbIABUHYTHI Cnedytolive
npeanonoXKeHnA:

®  BEpPOATHOCTb YCMeLHOro UCX0Aa SHAOBACKYNAPHOMN peBa-

CKYNApM3aLMM MUOKapAa C aHrMonAacTMkon u PA Bbiwe,
Yyem Npu cTaHZapTHOW BAaNOHHOW aHMMONNACTUKE CO CTEH-

Tabauya 3 OueHka cmeneHu KKA, M+SD

KW (no meTtoay AraTcoHa)
CAC score (Agatston method), units

325.0+60.3

The compared samples did not show any statistically signifi-
cant differences in the presence of diabetes mellitus (DM), a his-
tory of CABG, or smoking among patients (Table 2).

More than a third of patients in both groups had DM. Addi-
tionally, nearly 30% of patients in each group underwent CABG,
suggesting the presence of chronic heart failure. Almost half of
the patients in the groups were smokers. Together, these factors
equalized the risks of complications during the intraoperative pe-
riod.

There were no statistically significant differences in the de-
gree of CAC scores between the patients in both groups. Conse-
quently, all patients included in the study were diagnosed with
severe CAC and had indications for stenting.

An analysis of the coronary angiography data for both
groups (see Table 4) revealed no statistically significant differenc-
es. Most patients in each group had right-dominant coronary cir-
culation, and stenosis was diagnosed in over 80% of cases in both
groups.

The clinical and anamnestic data and surgical intervention
risks were compared between the two patient groups. The calcu-
lated values of Fisher's @-criterion did not exceed the theoretical
value of @*=2.31, indicating that the results were insignificant
(Fig. 2).

The initial comparative analysis among groups revealed no
statistically significant differences, allowing us to consider the
post-intervention indicators reliable and adequate for compari-
son. Therefore, the samples were deemed homogeneous.

The following working hypotheses were proposed:

Puc. 2 [pachuyeckoe onpedesneHue omcymemaus pazanuvuli
OCHOBHbIX NOKA3aMensx nayueHmos obeux epynn

Fig. 2 Axis of significance of differences in both groups

1.64 2.31

Table 3 CAC scores for both groups, M+SD

330.0+£56.7
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Tabnuya 4 [laHHble KopoHapoaHauoepaguu, n (%)

Table 4 Coronary angiography data categorized by coronary arterial

dominance and CA stenosis, n (%)

KoHTponbHas rpynna
Control group

n=138 p
Tun KpoBoCHaBKeHNA:
Coronary dominance:
:i'zzi"'” 51 (71.8%) 94 (68.1%) >0.05
f:fib'” 7(9.9%) 13 (9.4%) >0.05
i 13 (18.3%) 31 (22.5%) >0.05
Co-dominant
Creros 59 (83.1%) 116 (84.1%) >0.05
Stenosis

NpumeyaHme: p — CTaTUCTUYECKAA 3HAUUMOCTb Pa3INYMI MEXAY rpynnamu no Kputepuio duwepa
Note: p — statistical significance of differences between groups according to Fisher's criterion

TUPOBAHMEM;

e coyeTaHue 6aNNOHHOM aHrMoNNacTMKK M PA ¢ nocnenyto-

MM CTEHTUPOBAHWEM 3HAUYUTE/IBHO COKPALLAET NIyYeByHO
Harpysky Ha MauueHTa MO CPaBHEHWIO CO CTAHAAPTHOW
6aN/I0HHOIN aHTMOMNACTUKOM CO CTEHTUPOBAHUEM;

e  00bEM pacXoAHbIX MATEPUANOB M WMHCTPYMEHTOB Mpw

3HAo0BackynApHoM nedeHnn KKA ¢ mcnonb3osaHmem PA
MeHblue, Yem be3 Heé.

[ns nposepku runoTes 6biM BblgeNeHbl NapameTpbl CpaBHe-
HMA Pe3yNbTaTOB MNALMEHTOB, KOTOPbIM OblfI0 BbINOAHEHO CTEHTUPO-
BaHWeE C UCMO/Ib30BAHNEM Pa3HbIX METOA0B HA0BACKYIAPHOIO Neye-
Hua KKA:

®  [/IUTENbHOCTb OnepaLmy;

e Bpems peHTreHorpadum (Pr);

®  yCMewHoCTb B %;

®  JlyyeBan HarpysKka Ha naumeHTa;

®  pacxof MHCTPYMeHTa (6annoHbl, NPOBOAHUKM);

B Tabn. 5 npusesaeHbl pe3ynbTaTbl CPAaBHEHWSA OCHOBHbIX MHTPA-
OrnepaLMOHHbIX NMOKa3aTenei naLmeHToB.

BcnepcTeue TOro, YTo B KOHTPO/IbHOM rpynne PA He npumeHs-
nacb, GaKTOpbI, CYLLECTBEHHO BAMAIOLLME HA €€ Pe3y/ibTaT, Takue Kak
KW, nnowanb npocseTa KA, pasmep bypa, cMelLeHMe NPOBOAHMKA,
UrHOPMPOBAUCD.

B xo4e BMELLATENbCTB 3aperucTpupoBaH psag, OCNOXKHEHWN. B
OCHOBHOIA rpynne mx 6bin10 5: 0AMH — OTPbIB Bypa, TPM C/lydas OTpbIBa
rotowire, NATbIN cnyyail — BbIXog, Bypa M3 MPOCBETa apTEPUM — IKC-
TPpaaHaTOMMYEeCKas ero murpaums ¢ passutvem nepdopauum KA u
remonepuKkapga. Mo asTMm nATM cayyvasam: oTopBasLmMiica byp 6bin
M3BNEYEH C nociepyowmm cteHTupoBaHmem KA; Tpu AWUCTanbHbIX

Tabnuya 5 OcHogHble UHMPaonepayuoHHble nokasamesnu, M+SD

e  The probability of a successful outcome for endovascu-
lar myocardial revascularization using angioplasty and
RA is higher than that of standard balloon angioplasty
with stenting.

e The combination of balloon angioplasty and RA fol-
lowed by stenting significantly reduces the radiation
dose to the patient compared to standard balloon an-
gioplasty with stenting.

e The volume of consumables and instruments used in
endovascular treatment of CAD with RA is less than
that used without it.

To test these hypotheses, we identified the following parame-
ters for comparing the results of patients who underwent stenting
using different methods of endovascular treatment for CAC:

e  Operation time

e  Radiography (RG) examination time

e  Surgical success rate (%)

e Radiation exposure to the patient, measured by ab-
sorbed dose

e Equipment consumption (angioplasty balloons, guide-
wires).

Table 5 presents the results comparing the main intraopera-

tive parameters of the patients.

Since RA was not utilized in the control group, important
factors significantly affecting its outcomes, such as CAC score, the
cross-sectional lumen area of CA, burr size, and displacement of
the guidewire, were overlooked.

During the interventions, several complications were re-
corded. In the main group, there were five cases: one involved

Table 5 Main intraoperative parameters, M+SD

Bpemsa onepauuu, muH
Operation time, min
Bpemsa PI, muH

RG time, min
MornoweéHHas fo3a, mp

28.319.7

89.0+30.7

105.0+48,0 =0.0293

39.0+£15.3 =0.0448

+
Absorbed dose, mGy 3617.0+1865.6

NprmeyaHme: p — CTaTUCTUYECKAA 3HAUUMOCTb PA3INUMIA MEXAY rPYNNamm Mo U-KPUTEPUIO MaHHA-YUTHU
Note: p — statistical significance of differences between groups according to the mann-whitney u-test
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¢dparmeHTa rotowire He BblIM U3BNEYEHDBI: OHW BbIIN KMPUKPBITLI» B
OfJHOM C/ly4ae CTEHTOM, a B ABYX C/y4anx rotowire ocTanca B AUCTaNb-
HoM y4acTke KA 6e3 KomnpomeTaumm eé NpocBeTa; B NATOM Cay4yae
nepdopaumm KA 6ypom notpebosanacb MmnnaHTauma cteHTrpadta
[NA ycTpaHeHus sToro AedekTa.

B KOHTpOAbHOM rpynne 3apuKcMpoBaHo 29 cayyaeB OCNOMKHe-
HWi, 14 13 KoTopbIX BbIN MO NPUYMHE HEBO3MOXKHOCTU 3aBEepLUUTD
onepaumio 6e3 PA. 15 gpyrux cnyyaes 3T0: 8 — HelOPACKPbITUE CTEH-
108, 4 — nepdopauma KA ¢ pa3Butrem remonepmkapaa, 3 — Murpaums
CTEHTa NPW NOMNbITKE ero UMNAAHTaLMK.

AHanu3 COOTHOLIEHWUA YacTOTbl MHTPAOMEPALLMOHHBIX OCNOXK-
HeHWiA B rpynnax, nokasas, YTo Noay4YeHHoe SMNMUpUYEcKoe 3Haue-
HMe @* HaxoAMNOCb B 30HE 3HAYMMOCTM M bblNo paBHO 2,848 (4To
Bblle TabMYHOrO 3HaueHuA 2,31 ana 3afaHHbIX cTeneHel cBobo-
Abl). CnegoBaTenbHO, MOXKHO YTBEPKAATb, YTO NpUMeHeHue PA ans
yctpaHeHna KKA cHuxaeT BepoATHOCTb MHTpaonepaLMOHHbIX OC-
NOXKHEHWN.

CpaBHeHWe nepBoro nokasatens (Tabn. 5) mokasbiBaeT pas-
Nnune B OANTENbHOCTM onepaumu. Y NauyeHToB OCHOBHOM rpynnbl
Bpems onepaummn Bapbnposanob ot 30 Ao 155 muHyT. Mpwu 3TOM Becb
NPOTOKOAN NNAHOBOM onepaLu Bbln BbINONHEH B NONHOM 06bEME 3a
MCKOYEHNEM MHTPAOMNEePaLMOHHbIX OCOXHEHUI, UMEBLLMX MECTO
B 7% cnyyaes. Bpema onepauuuy y naLMeHTOB KOHTPOAbHOM rpynmbl
Konebanocb B npegenax ot 35 4o 250 MUHYT, YTO YBEAMUYMBANO KO-
JIMYECTBO BO3HUKLLMX OCNOKHEHMI 10 21%. COOTBETCTBEHHO, MOXKHO
YTBEPKAATb, YTO UCNONb30BaHUe PA CHUXKaeT BEPOATHOCTb MHTPAOo-
NepaLyoHHbIX OCNOXKHEHWI NpY SHA0BACKYNAPHOM neveHun KKA un
CTEHTVMPOBAHWM B TPU pasa.

Bpems PI' ana adpdEKTUBHOM 3HA0BACKYNAPHOM BU3yanusaumm
npv nposegeHun onepauun ¢ PA y nauMeHToB OCHOBHOW rpynmbl
OKa3a/10Cb CTAaTUCTUYECKU HUKE, YEM Y NALLMEHTOB, ONEPUPOBAHHbIX
no CTaHZapTHOM meTtoamke (p=0,0448). CooTBETCTBEHHO, YeM Bbllo
MeHbLue Bpems Pl, ToO M 06bEM NOMOLLEHHOW L03bl, TaKXKe UMen cTa-
TUCTMYECKM 3HAUMMble pa3nnums (p=0,0355).

MpoBesEHHbI KOPPENALMOHHbIA aHaAM3 MoKasan Haauuve
NPAMOIi 3aBUCUMOCTU MeXAY PAAOM NokasaTteneit (1abn. 6).

ObHapyKeHa npAMas 3aBUCMMOCTb MeXAY AAUTENbHOCTbIO
onepaumu u spemerem PT (r=0,7458 v r=0,8583; p<0,05), 4To roBOpUT
0 TOM, YTO MPU YBEIMYEHUMN ANNTENIbHOCTM onepaLumn sBpems Pl byaet
TaK¥Ke YBEeNMUMBATLCA, KaK v yyeBas Harpyska (r=0,4813 n r=0,5397;
p<0,05). TMoNoXKMTENbHAA KOPPENAUMA MeXay BPEMEHHbIMM No-
KasaTenamu onepauum M pacxogHbiMmu Mmatepuanamu (r=0,4787 u
r=0,5937; p<0,05) onpeaenser uenecoobpasHOCTb UCNoNb30BaHUsA PA
ana bonee onepaTMBHOro ycTpaHeHus nosbiweHHoN KKA 1 nposese-
HUA CTEHTUPOBAHUA C MEHBLUMMU UHCTPYMEHTA/IbHBIMU 3aTpaTamMu.

B Tabn. 7 npuBeAeHo NPOLEHTHOE COOTHOLLIEHME YCMELIHOCTU
0nepaTUBHOrO BMELLATeNbCTBA U YaCTOTbl MCMONb30BAHUA raing K-
TEeH30pa Y NaLMEHTOB aHaN3MPyeMbIX rpynn.

CTaTUCTUYECKM 3HAYMMOIN MOXKHO CYMTATb BEPOATHOCTb ycrnexa
onepauyuu ¢ ucnonb3osaHuem PA, Torga Kak He0bXoA¥MOCTb UCMOb-
30BaHWA raig, aKcTeH30pa NonagaeT B 30HY HEOMNpPeAeNEHHOCTU U He
MOKET O/HO3HA4YHO MHTEPNPETUPOBATLCA Kak 06A3aTeNbHbIN haKTop,
NPUCYLLMIA AN TOTO UM UHOTO MeTOAA SHAOBACKYNAPHOTO NieYeHus
KKA.

Obuiee KOMMYECTBO M3PACXOA0BAHHbLIX MPOBOAHWMKOB/6anN0-
HOB, COCTaBMNO: B OCHOBHOM rpynne — 107/179 wrt. Ha 71 nauueHTa
(1,5 n 2,5 WTYK COOTBETCTBEHHO Ha 1 NaUMEHTa), B KOHTPONbHOW —
302/659 wr. Ha 138 60bHbIX (2,2 1 4,8 WTYK COOTBETCTBEHHO Ha 1
nauwmeHTa). U3 gaHHbIX pacyéToB BUAHO, YTO B OCHOBHOM rpynne 6bi10
M3pacxofoBaHO NoyTu B 1,5 pasa meHblue NPOBOAHWUKOB M NOYTH B
2 pas3a meHblue 6aNNOHOB NO CPABHEHWUIO C KOHTPO/IbHOM rpynnov

burr detachment, three cases pertained to guidewire detach-
ment, and the fifth case involved burr advancement outside the
vessel leading to CA perforation and hemopericardium. In these
five cases, the detached burr was removed, followed by stenting
of the CA. Three distal fragments of the guidewire were not ex-
tracted; in one case, they were covered by a stent, while in the
other two cases, the guidewire remained in the distal segment of
the CA without compromising the lumen. In the case of CA perfo-
ration caused by the burr, stent grafting was necessary to address
this defect.

In the control group, 29 complications were recorded, 14 of
which were attributed to the inability to complete the procedure
without RA. The remaining 15 cases included 8 cases of stent un-
derexpansion, 4 cases of CA perforation resulting in hemopericar-
dium, and three cases of stent migration during attempts at stent
insertion.

Analysis of the frequency of intraoperative complications
between the groups showed a calculated value of ¢* equal to
2.848, which exceeds the tabular value of 2.31 for the given de-
grees of freedom. Therefore, it can be concluded that using RA to
treat CAC reduces the likelihood of intraoperative complications.

A comparison of the operation duration (see Table 5) high-
lights a notable difference. In the main group, operation times
ranged from 30 to 155 minutes, with the entire planned proce-
dure completed except for intraoperative complications, which
occurred in 7% of cases. In the control group, operation times
varied from 35 to 250 minutes, leading to a complication rate of
21%. Thus, it can be concluded that using RA reduces the likeli-
hood of intraoperative complications in endovascular treatment
of CAC and stenting by three times.

Furthermore, the RG time for effective endovascular visual-
ization during RA in the main group was statistically lower than in
those operated on using standard techniques (p=0.0448). Conse-
quently, the shorter RG time corresponded to a significantly re-
duced absorbed dose (p=0.0355).

The correlation analysis indicated a direct relationship
among several parameters (see Table 6).

A direct relationship was established between operation
and RG times (r=0.7458 and r=0.8583; p<0.05). This finding in-
dicates that as the duration of the operation increases, the time
required for RG also increases, which increases the radiation ex-
posure (r=0.4813 and r=0.5397; p<0.05). Additionally, there is a
positive correlation between the operation time and the use of
consumables (r=0.4787 and r=0.5937; p<0.05). This finding sug-
gests that RA are practical in timely managing severe CAC and
stenting while facilitating cost-effective equipment use.

Table 7 presents the percentage ratio of the success rates
of surgical interventions alongside the frequency of extension
guidewires use in the groups.

The probability of successful surgery using RA is statistically
significant. However, the necessity of using extension guidewires
remains uncertain. It cannot be definitively interpreted as a man-
datory component of a particular endovascular treatment meth-
od for CAC.

In terms of the equipment used, the total numbers of
guidewires and angioplasty balloons were as follows: In the main
group, 107 guidewires and 179 angioplasty balloons were utilized
for 71 patients, averaging 1.5 guidewires and 2.5 angioplasty bal-
loons per patient. In the control group, 302 guidewires and 659
angioplasty balloons were used for 138 patients, resulting in an
average of 2.2 guidewires and 4.8 angioplasty balloons per pa-
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Tabauya 6 Mampuus! Koppenauul [upcoHa no epynnam

Table 6 Pearson correlation matrices between the groups

" Konuuyecrso
Bpems onepauun Bpema Pl lNornowéHHan gosa Konunuectso 6annoHos
L . NPOBOAHWUKOB .
Operation time RG time Absorbed dose Guidewires Angioplasty balloons

Bpemsa PI'
RG time

0.5325 0.3894 0.1734

Konnyectso npoBogHMKoB
Guidewires

0.2558

KoHTponbHas rpynna/Control group, n=138

Bpems onepaunn

Operation time 0.8583

0.5397 0.5937 0.5230

MornoweéHHasa fo3a
Absorbed dose

0.4378 0.3126

Konuuectso 6annoHos
Angioplasty balloons

Tabauya 7 CpasHeHue nokazamersell ycnewHocmu onepayuu u
UCcNosb308aHUA 2ali0 SKCMeH30pa Y NAyUeHMo8s 0CHOBHOU U
KoHmponeHol epynn, n (%)

Table 7 Comparison of the surgery success rates and the use
of extension guidewires in patients of the main
and control groups, n (%)

McnonbsoBaHwe raiig skcTeH3opa
Extension guidewires usage
YcnewHocTb onepatmm

Surgery success rates

5 (7%)

71 (100%)

3(16.7%) <0.05

125 (89.9%) <0.05

MpuMeYaHme: p — CTaTUCTUYECKanA 3HAYMMOCTb PA3NYMI MEXAY rPYNnamm no Kputeputo duwepa
Note: p — statistical significance of differences between groups according to Fisher's criterion

(p<0,05). 310 onpeaenseT IKOHOMMUYECKYIO LenecoobpasHoCTb Npu-
MEHeHWs JaHHOro MeToza.

Cnepnyet npvBecTy pAg, paboT, KOTOpble KOPPEUPYIOT Mo crneL-
ndvKe pelleHns NnocTasaeHHbIX 3a4ad. Hanpumep, pesynstatbl paH-
[OMM3MPOBAHHOTO UCCAEA0BAHUA KAMHUYECKUX UCXOL0B MpoLeayp
CTaHZApTHOW PA, NpOBOAMMON Ha NPOTANKEHUU TPEX AECATUNETUN B
EBpone, B CpaBHEHUN C MOAUPULMPOBAHHBIMKU BannoHamu (bonee
200 naupeHToB: 98% npotme 81%; p=0,0001) [19], cooTHOCATCA C No-
NIYYEHHBIMM AaHHBIMU HALLEro UCCeA0BaHUA.

MonyyeHHble JaHHbIE CPAaBHEHUA TaKXKe KOPPEenvpyrT ¢ npu-
BEAEHHbIM PETPOCMEKTUBHLIM aHanM30M peectpa 966 naumeHToB,
nepeHécwmx PA. OTmeueHo, 4to PA okasanacb 3dpdpeKTMBHOM npoue-
[lypOii C HU3KMM YPOBHEM BHYTPUOOIBHUYHBIX OCTIOKHEHWIA U MPO-
[EeMOHCTPMPOBana xopoLlme HenocpeacTBEHHbIE U CPpeaHECPOYHble
pe3ynbTathl [20].
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tient. These figures show that the main group utilized nearly 1.5
times fewer guidewires and almost twice as many angioplas-
ty balloons as the control group (p<0.05), demonstrating the
cost-effectiveness of this method.

Several studies should be referenced that align with the
objectives of this analysis. For instance, a randomized study con-
ducted over three decades in Europe compared the clinical out-
comes of standard RA procedures with those utilizing modified
angioplasty balloons. This study involved over 200 patients and
reported success rates of 98% for the modified balloons versus
81% for the standard procedures (p=0.0001) [19]. These findings
correlate with the results of our study.

Furthermore, a retrospective registry analysis involving
966 patients who underwent RA showed that the procedure
yielded effective results with a low rate of in-hospital compli-
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M B KOHTPOJIbHOIA, M B OCHOBHO rPymnnax KAMHUYECKOE yyuLue-
HUe BbIN0 LOCTUTHYTO, O4HAKO OTAANEHHbBIE Pe3y/bTaTbl NIaHMPYeTea
ony6AMKOBaTb B CIEAYIOLMX CTATbAX.

3AK/NIOYEHUE

Takvm 06pa3oMm, CPaBHUTENbHbIN aHAN3 MOKa3blBaeT 60o/bLLYO
adpdekTBHOCTb MeToda PA npu 3HAOBACKYNAPHOM JIEYEHWMM Mauy-
eHToB ¢ KKA. BblaBMHYTbIE rMNOTE3bl HALLIW CBOE MOATBEPKAEHUE,
a UMEHHO:

®  MpU CTEHTUPOBAHUM B COYETAHMMU C aHTMONAACTMKON U PA
BEPOATHOCTb YCMELHOro UCX0Aa BbILIE, a y4eBas Harpys-
Ka HUXKE, YeM NP CTaHAAPTHOM 6aNIOHHOM aHTMONAACTM-
Ke CO CTEHTUPOBAHMEM;

*  Mpu MCnonb3oBaHMKM PA pacxof, MaTepuasoB U MHCTPY-
MEHTOB YMEHbLUAETCA, YTO ONpeaenseT NONOMKUTENbHYIO
3KOHOMMYECKYHD COCTaBAAIOLLYIO AAHHOMO WMHBA3MBHOIMO
meToga.

cations, indicating favorable immediate and medium-term out-
comes [20].

The control and main groups showed clinical improvements,
but future articles will discuss long-term results.

CONCLUSION

The comparative analysis demonstrates that the RA method
is more effective in the endovascular treatment of patients with
CAC. The following findings confirmed the hypotheses proposed:

e Combining stenting with angioplasty and RA increases

the likelihood of a successful outcome while reducing
radiation exposure compared to standard balloon an-
gioplasty with stenting.

e The use of RA decreases the consumption of materials

and instruments, highlighting this invasive method's
cost-effectiveness.
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