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KnuHWKa rpyoHoi 1 cepae4Ho-cocyamucTon Xmpyprum uMenn Ceatoro Meoprua HaumoHanbHoro Meauko-xupypruyeckoro LieHtpa
umenu H. W. Muporosa, Mocksa, Poccuiickaa Oegepaumn

AHHOTALNA

BgedeHue. Nwemmnyeckas bonesHb cepaua (MBC) B HacTosLLee BpeMs 0CTaeTcA BedyLLen NpuYmMHo 3aboneBaemMocTy
n cMeptHocTM B Poccum v Bo BceM mupe. B 2022 r. obwaa 3abonesaemocts MBC cpean B3pocnoro HaceneHus
Poccumn coctaBmna 6517,9 Ha 100 Thic. OcHoBHBIMM Xupyprudecknumm Metogamu neveHnsa MBC ABnATcA KopoHapHoe
wyHTupoBaHue (KLL) n cTeHTMpoBaHWe BeHeUHbIX apTepui. B HEKOTOPbIX CyyanX BbINOAHEHUE OJHOMOMEHTHOM MOSHOM
PeBacKyNAPM3aLMU HEBO3MOXKHO — TMOPUIHBIN NOAX0L ABMAETCA OQHWUM U3 PELLEHNN.

Llens. CpaBHuTb 5-netHue pesynbTathl KLU, sTanHoi rubpuaHon peBackynspM3aumMm MioKapLa v U30IMPOBaHHOIO
3H[0BaCKY/APHOro BMeLLaTeNbeTea y naumeHTos ¢ UBC u MHorococyamcTbIM noparKeHMeM KOPOHApHOro pycra.

Mamepuanel u Memodsl. B petpocnekTMBHOE MccnefoBaHme BrAodeHo 330 naumenToB ¢ MBC n MHorococyamctsimM
aTepOCKNEPOTUYECKUM TOPaMKEHMEM BeHeuHbIX apTepuit, KotopbiM B 2010-2018 rr. 6bina nmpoBegeHa nnaHoBan
peBacKynApu3auma Muokappa. B 1 rpynny 6bino BkntoueHo 110 naumenTos, KoTopbiM BbinonHeHo KLU, Bo 2 rpynny —
110 60nbHbIX, NEPeHeCLUMX 3TanHylo r’MOPUaHYI0 peBacKkynApusaumio Muokapaa, B 3 rpynny — 110 naumeHToB nocne
UPECKOXKHOr0 KOPOHApHOro BMeLLiaTeNbCTBa. B nocneonepalmoHHoM nepuofe B TeYeHWe 5 NeT OLEeHUBANUCh KIMHUYECKME
1 MHCTPYMEHTaIbHblE AaHHble, YYUTBIBANIUCh OCIOMKHEHNS, NIeTalnbHble MCXO0[bl U MOBTOPHbIE BMELLATENbCTBA.

Pesynbmamesl. B 6nvailume CpoKM mnocnie onepaTMBHOMO BMeLUaTenbCTBa BO BCEX MPYynnax 4vacTota CepaeyHo-
COCYAMCTbIX OCNOMHEHWIA W pe3upayanbHoi MWeMUU Muokapga bbina oxupaemo Huskow (p > 0,05). Yepes 1 rop
HabniofeHNA cepLeyHo-CcocyancTbie OCNOXHEHNA pexke Habnioganuck Bo 2 rpynne (17,3%) no cpasHenuio ¢ 1 rpynnoit
(29,1%, p = 0,038), nput 3TOM y 60/ILHBLIX 3 FPyNNbI HEBNAroNPUATHLIE COBLITUA TaKMKe 0TMeYanuch B 27,3%, 0fHaKo 0TnYMA
He 6binn 3Haummbl (p = 0,075). Yepes 5 neT yactoTa cepeqHO-COCYAMUCTbIX OCMOXHEHWI NpeBanupoBana y 6ombHbIX
1 rpynnibi (80,0%) no cpaBHeHmio co 2 rpynnoii (57,3%) u 3 rpynnom (67,3%, p = 0,001-0,032). B KoHue nepvofa HabnogeHmA
yacToTa NOBTOPHOM peBackynsApu3aumm bbina 3HaumMmo bonblue B 1 rpynne (41,8%) no cpaBHeHuio co 2 rpynnon (29,1%,
p =0,049). Yucno Takmx cnyyaes B 3 rpynne (33,6%) 6bin10 MeHbLLUE, YeM B NEPBOIA, 0AHAKO Pa3finymnaA He Oblv CTaTUCTUYECKN
3Haummel (p = 0,125).

3aknoyeHue. V3onuposaHoe KLU neMoHcTpupyeT 60Mbluyio YacToTy MOBTOPHbIX 3HAOBACKYNAPHLIX BMELLATENLCTB
yepe3 5 neT nocre onepaLum No CpaBHEHMIO C rTMBPUAHOIA peBacKynApuU3aLMen, KOTOPan K TOMY e obecneymBaet nyyiume
pe3ynbTaTbl B OTHOLLEHUM NPOGMAAKTUKM CepaeUYHO-COCYANCTBIX OCTIOMHEHWN.
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Comparative Results of Standard Coronary

Artery Bypass Grafting, Staged Hybrid Myocardial
Revascularization and Purely Endovascular Correction
in Patients with Coronary Artery Disease

in Long-Term Period after Surgery

Yuriy L. Shevchenko, Gleb G. Borshchev, Dmitriy Yu. Ermakov,
Mikhail A. Maslennikov, Anastasiya Yu. Vakhrameyeva, Daniil S. Ul'bashev**

St. George Thoracic and Cardiovascular Surgery Clinic of the National Medical and Surgical Center named after N. I. Pirogov, Moscow,
Russian Federation

ABSTRACT

INTRODUCTION: Coronary artery disease (CAD) currently remains the leading cause of morbidity and mortality
in Russia and in the world. In 2022, the overall morbidity with CAD among the adult population of Russia was 6517.9
per 100 thousand populations. The main surgical methods of treatment for CAD are coronary artery bypass grafting
(CABG) and stenting of the coronary arteries. In some cases, a single-step complete revascularization is not possible,
and one of solutions is a hybrid approach.

AIM: To compare 5-year results of CABG, staged hybrid myocardial revascularization and isolated endovascular
intervention in patients with CAD and multi-vessel lesion of the coronary arteries.

MATERIALS AND METHODS: The prospective study included 330 patients with CAD and multi-vessel atherosclerotic
lesion of the coronary arteries, who underwent planned myocardial revascularization in 2010-2018. Group 1 included
110 patients who underwent CABG, group 2 — 110 patients who underwent staged hybrid myocardial revascularization,
group 3 included 110 patients after percutaneous coronary intervention. In 5-year follow-up period, clinical and
instrumental data were evaluated, complications, lethal outcomes and re-interventions were considered.

RESULTS: In the immediate period after the surgical intervention, frequency of cardiovascular complications and
residual myocardial ischemia was expectedly low in all the groups (p > 0.05). At 1 year of follow-up, cardiovascular
complications were less common in group 2 (17.3%) compared to group 1 (29.1%, p = 0.038), while in group 3,
adverse events were also noted in 27.3% of cases, however, the differences were not significant (p = 0.075). At 5 years,
the frequency of cardiovascular complications prevailed in patients of group 1 (80.0%) compared to group 2 (57.3%)
and group 3 (67.3%, p = 0.001-0.032). At the end of follow-up, the frequency of repeat revascularization was significantly
higher in group 1 (41.8%) compared to group 2 (29.1%, p = 0.049). The number of such cases in group 3 (33.6%) was less
than in group 1, however, the differences were not statistically significant (p = 0.125).

CONCLUSION: Isolated CABG demonstrates a higher frequency of repeat endovascular interventions at 5 years after
surgery compared to hybrid revascularization that also provides better results in terms of preventing cardiovascular
complications.
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LIST OF ABBREVIATIONS

ACVA — acute cerebrovascular accident
CA — coronary artery

CABG — coronary artery bypass grafting
CAD — coronary artery disease

CS — coronary system

DES — drug-eluting stent

EA — exertion angina

EF — ejection fraction

INTRODUCTION

Coronary artery disease (CAD) remains the most
important cause of morbidity, disability and mortality
of the population in Russia and in the world [1]. Today,
endovascular and surgical methods for correcting
coronary bed (CB) lesions are widely used in the
treatment of patients with CAD [2]. Coronary artery
bypass grafting (CABG) and percutaneous coronary
intervention (PCl) more effectively reduce the functional
class (FC) of exertion angina (EA) and improve the quality
of life compared with the isolated use of optimal medical
therapy (OMT) [2, 3].

CABG permits a single-step complete myocardial
revascularization and is the optimal treatment method
for patients with anatomically complex atherosclerotic
coronary bed lesion [4]. Application of CABG in patients
with reduced left ventricular ejection fraction (LVEF) less
than 35% improves the long-term survival compared to
OMT and PCI [2-4].

Despite the evident advantages of CABG, its
application in some patients is limited by a number of
factors. Diffuse atherosclerotic coronary bed lesion,
intramyocardial course and a small diameter of the target
coronary artery (CA) on revision, limit the possibility of
anastomosis formation and reduce the scope of planned
revascularization [5, 6].

PCI, in its turn, permits to avoid anesthesia,
transthoracic surgical access, extracorporeal circulation,
long stay of the patient in intensive care unit and
long postoperative rehabilitation [7, 8]. Upon this,
endovascular revascularization of CA also has significant
limitations: PCl in patients with a high Syntax score (> 33
points) leads to a higher frequency of Major Adverse
Cardiovascular Events (MACEs) compared to CABG [9].
The absence of hemodynamic support may be critical
in development of acute intraoperative complications
during PCI, and is also a significant factor in patients
with a low and very low LVEF. Technical difficulties of
the intervention in case of prominent calcification of the
coronary arteries, their tortuosity, chronic occlusions,
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FC — functional class

HMR — hybrid myocardial revascularization
LV — left ventricle

MACE — Major Adverse Cardiovascular Events
MI — myocardial infarction

OMT — optimal medical therapy

PCI — percutaneous coronary intervention
RMI — residual myocardial ischemia

bifurcation lesions also limit complete revascularization
in PCI [9-12].

Hybrid myocardial revascularization (HMR) is
a less invasive strategy possessing the advantages
of CABG and PCI. Favorable results of PCI using the
second and third generation drug-eluting stents (DES)
compared to venous conduits, long functioning period of
mammary-coronary shunt, as well as development and
introduction of minimally invasive surgical myocardial
revascularization methods served as the basis for
combining the advantages of the two methods in patients
with a multi-vessel coronary artery disease [13-15].

The aim of this study to comparison of the
effectiveness and safety of standard coronary
artery bypass grafting, staged hybrid myocardial
revascularization and percutaneous coronary intervention
in the long-term postoperative period.

MATERIALS AND METHODS

The retrospective study included 330 patients with
CAD who underwent planned myocardial revascularization
in St. George Thoracic and Cardiovascular Surgery Clinic
of the National Medical and Surgical Center named after
N. I. Pirogov in 2010-2018.

Inclusion criteria: 11-IV FC EA; myocardial
ischemia proven in loading tests; two- and three-vessel
atherosclerotic lesion of CA.

Non-inclusion criteria: patients with CAD with
hemodynamically significant multivalvular heart
disease, LV aneurysm requiring reconstruction, evident
insufficiency of renal and liver function, oncological
pathology.

Group 1 included 110 patients who underwent
CABG, group 2 included 110 patients who underwent
staged HMR, and group 3 included 110 patients after
PCI for multi-vessel atherosclerotic lesion. No
additional interventions were performed (ethical
committee approval was not required), and patients
signed informed consent as part of the standard
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groups had no statistical differences in clinical and

Table 1. Comparative Clinical Characteristics of Patients of Study Groups
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angiographic characteristics (Tables 1, 2).

Parameter Group 1 Group 2 Group 3 p
(CABG) (staged HMR) (PCI)
n 110 110 110 -
Age, Me [0;; O years 628,701 6, 685 21 93 >0
Male gender, n (%) 76 (69.1) 78 (70.9) 80 (72.7) >0.05
Smoking, n (%) 81 (73.6) 72 (65.5) 79 (71.8) >0.05
Diabetes mellitus, n (%) 68 (61.8) 71 (64.5) 70 (63.6) >005
Chronic kidney disease, n (%) 35(31.8) 38 (34.5) 37 (33.6) >0.05
Left ventricular ejection fraction, Me [Q;; Q,], % [51.3?.517.8] [50.55;5'527.2] [ 493?'597. 4 >0.05
Arterial hypertension, n (%) 39 (35.5) 40 (36.4) 40 (36.4) >0.05
History of myocardial infarction, n (%) 27 (24.5) 29 (26.4) 28 (25.5) >0.05
Asymptomatic myocardial ischemia, n (%) 8(7.3) 9(8.2) 7(6.4) >0.05
| 0(0) 0(0) > 0.05 >0.05
Functional class of exertion angina, n (%) ! 3082 1066 2005 200
I 50 (45.5) 53 (48.1) >0.05 >0.05
v 9(8.2) 8(7.3) >0.05 >0.05
Notes: CABG — coronary artery bypass grafting, HMR — hybrid myocardial revascularization, PCl — percutaneous coronary intervention
Table 2. Comparative Angiographic Characteristics of Patients of Study Groups
proA R L o B A I
n 110 110 110 -
Total coronary artery lesions, n 315 325 308 >0.05
Number of affected coronary arteries
Two, n (%) 29 (26.4) 21(19.1) 32(29.1) >0.05
Three, n (%) 70 (63.6) 77 (70.0) 68 (61.8) >0.05
More than three, n (%) 11 (10.0) 12 (10.9) 10 (9.1) >0.05
Location of coronary bed defect
Left main coronary artery, n (%) 12 (3.8) 11 (3.4) 5(1.6) >0.05
Anterior descending artery, n (%) 107 (34.0) 102 (31.4) 109 (35.4) >0.05
Circumflex artery, n (%) 90 (28.6) 99 (30.5) 95(30.8) >0.05
Right coronary artery, n (%) 106 (33.6) 113 (34.8) 99 (32.1) >0.05
RCA dominance, n (%) 82 (74.5) 80 (72.7) 83 (75.9) >0.05
SYNTAX score
Results, Me [Q;; Q,], points 21.3[18.1;25.2] 22.0[18.3; 25.9] 21.1[17.5; 24.8] >0.05
Notes: CABG — coronary artery bypass grafting, HMR — hybrid myocardial revascularization, PCl — percutaneous coronary intervention
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At the preoperative stage, selective multi-view
coronary angiography was performed on a Toshiba
Infinix angiographic unit (Japan) according to a
standard protocol with the results assessed by two
independent specialists. To diagnose myocardial
ischemia, 265 (80.3%) patients underwent loading tests.
Single-photon emission tomography of the myocardium,
synchronized with ECG with *™Tc-technetril (synchro-
SPECT), was performed in 210 (63.6%) patients according
to a standard protocol: load-rest alternation. Stress
echocardiography with physical activity was conducted
in 55 (16.7%) patients.

CABG was performed through the median
sternotomy with standardized anesthesia and perfusion,
mainly off-pump. A standard plan of the surgery included
autoarterial bypass of the anterior descending artery
using the left internal mammary artery, autovenous
bypass of the circumflex and right coronary artery using
the great saphenous vein.

PCl was performed according to a standard
method, mainly through transradial access. Before stent
implantation, the zone of stenosis was predilated with
a standard balloon catheter. During PCI, the patients
were implanted second generation DESs (cobalt (cobalt
alloy) stent systems with zotarolimus, cobalt-chromium
stent systems with sirolimus and zotarolimus) and third-
generation DESs (platinum-chromium stent systems
with everolimus, cobalt-chromium stent systems with
sirolimus, rapamycin with biodegradable drug coating).
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Statistical calculations were carried out in
Statistica 10.0 program (Stat Soft Inc., USA). The
compliance of the data with normal distribution was
assessed using Shapiro—Wilk test. Descriptive statistics
included the number of observations (n), mean (M),
standard deviation (SD), median (Me), lower and upper
quartiles [Q,; Q]. With the distribution close to normal,
one-way analysis of variance was used. In cases where
the distribution differed from normal, the analysis was
performed using nonparametric tests: Friedman for
related samples, Kruskal-Wallis U test for independent
ones. Survival curves were constructed using Kaplan—
Meier method and compared using the log-rank test.
Differences were considered statistically significant at
p < 0.05.

RESULTS

In total, 269 (group 1) and 160 (group 2) coronary
anastomoses were formed (Table 3), of which 103
(group 1) and 107 (group 2) were performed using the
left internal thoracic artery, 166 (group 1) and 53 (group
2) using autovenous grafts. Revascularization index
medians made 3.1 [2.8; 3.5] and 1.5 [1.3; 1.6] in groups 1
and 2, respectively. The median of time interval between
CABG and PCI in group 2 made 12.5 [8.6; 15.6] days.
At the stage on endovascular intervention, 131 (group
2) and 276 (group 3) CA stenoses were eliminated,
197 (group 2) and 461 stents (group 3) were placed.

Table 3. Comparative Perioperative Characteristics of Patients of Study Groups

Parameter Group 1 Group 2 Group 3
(CABG) (staged HMR) (PCI)
n 110 110 110
Number of formed anastomoses, n 269 160 -
Arterial shunts, n 103 107 -
Venous shunts, n 166 53 -
.Number.of corrected lesions of coronary arteries in percutaneous coronary B 131 27
intervention, n
Number of placed stents, n - 197 461

Notes: CABG — coronary artery bypass grafting, HMR — hybrid myocardial revascularization, PCl — percutaneous coronary intervention

In group 1, one (0.9%) death was recorded after
a large-focal myocardial infarction (MI) that developed
in the intensive care unit. At 30 days of the surgical

DOl https://doi.org/ 1017816/ PAVLOVI632376

intervention, residual myocardial ischemia (RMI) was
recorded in 7 (6.4%, group 1), 5 (4.5%, group 2) and
6 (5.5%, group 3) patients (p = 0.318, Figure 1).
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Fig. 1. Structure of revascularization, MACE and residual ischemia in the study groups at 30 days after the intervention.
Notes: CABG — coronary artery bypass grafting, HMR — hybrid myocardial revascularization, PCl — percutaneous coronary intervention,

MACE — Major Adverse Cardiovascular Events.

Patients of groups 2 and 3 suffered 2 (1.8%) and
3 (2.7%) Mls, respectively (p = 0.653). Also, in two
(1.8%) patients of group 1 and one (0.9%) patient of
group 2, acute cerebrovascular accident (ACVA) of
ischemic type was recorded (p = 0.157). MACE frequency
at 1 months did not statistically differ among the groups:
10 (9.1%) in group 1, 7 (6.4%) in group 2 and 9 (8.2%) in
group 3 (p = 0.451, Table 4).

At 12 months after surgery, acute Ml was recorded
in 8 (7.3%) patients in group 1, in 5 (4.5%) in group 2
and 7 (6.4%) in group 3 (p = 0.393). There was also no
statistical difference in the incidence of ACVA: 2 (1.8%),
2 (1.8%) and 3 (2.7%) cases in patients after CABG,
HMR and PCI (p = 0.653). The number of deaths in the
structure of complications also did not differ statistically
and was 5 (4.5%) in group 1, 4 (3.6%) in group 2, and
4 (3.6%) in group 3 (p = 0.735). In group 2, the need
for repeat revascularization at 12 months was lower
compared to the CABG and PCI groups — 7.3% versus
15.5% and 11.8%, respectively, but the differences were
not significant (p = 0.056). A combined MACE end point
within 1 year of follow-up was less often achieved in
patients after HMR — 17.3% versus 29.1% (group 1),
27.3% (group 3) (p = 0.038; Figure 1, Table 4).

00l https://doi.org/10.17816/PAVLOVI632376

At 5 years after surgery, the total ACVA incidence
was 7 (6.4%) in group 1, 8 (7.3%) in group 2 and
10 (9.1%) cases in group 3 (p = 0.451). No statistically
significant differences in the frequency of registration
of acute MI were not detected either, however, in
group 2 this complication was detected somewhat less
frequently 16.4% versus 11.8% (group 1) and 13.6% (group
2, p = 0.335). The total number of deaths was slightly
higher in patients after CABG 17 (15.5%) cases versus
10 (9.1%) patients in group 2 and 14 (12.7%) in group 3
(p =0.152). The clinical need for repeated revasculariza-
tion more often arose in patients of group 1 —
46 (41.8%) compared with group 2 — 32 (29.1%)
observations (p = 0.049); the differences between groups
1 and 3 in this criterion were not significant (p = 0.125,
Figure 2, Table 4).

The frequency of adverse cardiovascular events
was higher in patients of group 1: 88 (80.0%)
cases compared to groups 2 and 3: 63 (57.3%) and 74
(67.3%), respectively (p= 0.001-0.032). The number of
MACEs in the HMR group by the end of follow-up was
lower compared to the CABG group (p =0.001) and lower
than in the PCI group (p = 0.127, Table 4).
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Table 4. Frequency of Reaching End Points (Kaplan—Meier Method) in Study Groups

Parameter Group 1 Group 2 Group 3 p
(CABG) (staged HMR) (PCI)
n 110 110 110 -
MACE
30 days, n (%) 10(9.1) 7(6.4) 9(8.2) 0451
1 year, n (%) 32 (29.0) 19 (17.3) 30 (27.3) 0.038*
5 years, n (%) 88 (80.0) 63 (57.3) 74 (67.3) 0.001-0.032*
All-cause mortality
30 days, n (%) 109 0(0) 0(0) 0318
1 year, n (%) 5 (4.5) 4(3.6) 4(3.6) 0.735
5 years, n (%) 17 (15.5) 10(9.1) 14(12.7) 0.152
Myocardial infarction
30 days, n (%) 2(18) 2(1.8) 3(27) 0.653
1 year, n (%) 8(7.3) 5(45) 7 (6.4) 0393
5 years, n (%) 18 (16.4) 13(11.8) 15 (13.6) 0335
Acute cerebrovascular accident
30 days, n (%) 2(18) 109 0(0) 0.157
1 year, n (%) 2(18) 2(1.8) 3(2.7) 0.653
5 years, n (%) 7 (b.4) 8(7.3) 10(9.1) 0451
Repeat revascularization

30 days, n (%) 5 (4.5) 4(3.6) 6 (5.5) 0.520
1 year, n (%) 17 (15.5) 8(7.3) 13(11.8) 0.056
5 years, n (%) 46 (41.8)* 32 (29.0) 35(33.6) 0.049*

Notes: *— p < 0.05; KCABG — coronary artery bypass grafting, HMR — hybrid myocardial revascularization, PCl — percutaneous coronary

intervention, MACE — Major Adverse Cardiovascular Events.
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Fig. 2. Adverse cardiovascular events within 5 years after surgical intervention (Kaplan—Meier curves).

Notes: CABG — coronary artery bypass grafting, HMR — hybrid myocardial revascularization, PCl — percutaneous coronary intervention, MACE —
Major Adverse Cardiovascular Events.
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Fig. 3. Repeat revascularization within 5 years after surgical intervention (Kaplan—Meier curves).
Notes: CABG — coronary artery bypass grafting, HMR — hybrid myocardial revascularization, PCl — percutaneous coronary intervention.

DISCUSSION

Our retrospective study demonstrated a comparison
of 5-year effectiveness and safety of standard CABG,
HMR and PCl in multi-vessel lesion of CA. The groups
of patients were completely comparable in clinical and
angiographic characteristics. All the patients in the
study sample had lesion of the anterior descending
artery or the left main coronary artery. The patients of
the three groups did not differ in severity of CA lesion
and impairment of systolic function of the left ventricle
(all patients had preserved or moderately reduced LVEF).
When using endovascular treatment methods, patients
with the intermediate and moderate risk of development
of cardiovascular complications predominated.

Thus, taking into account modern clinical
recommendations [13], the vast majority of patients
in the study groups could be initially considered as
candidates for both surgical treatment and for PCI.
Moderate degree of atherosclerotic lesion of CA and
absence of evident systolic dysfunction of LV were
determined by the limiting factors of the study it did not
include a significant number of patients with > 33 Syntax
score and LVEF < 35%.

The total volume of performed revascularizations
did not differ significantly in groups. In patients in the
CABG group, 269 (85.4%) lesions of the coronary artery
were corrected, in HMR group 291 (89.5%), in PCI group
276 (89.6%). Anatomically complete revascularization
in some situations was limited by objective factors

DOl https://doi.org/ 1017816/ PAVLOVI632376

distal or diffuse lesion of the target coronary artery,
its intramyocardial course, severe calcification of the
coronary artery and aorta, chronic occlusion of the
coronary artery with weak contrast of the distal bed,
etc. Patients who did not receive anatomically complete
revascularization due to objective reasons, were not
excluded from our study in order to objectify the results
obtained.

In the immediate period after surgery, in all the
groups, the incidence of cardiovascular complications
and RMI were expectedly low and did not differ between
the groups. During 1- and 5-year follow-up, there were
no significant differences in the incidence of death from
all causes, MI and stroke in patients of all groups.

The data we obtained correlated with the results
of domestic and foreign studies [16, 17]. However,
statistical differences were reported in achieving the
combined MACE end point at 12 and 60 months after
surgery. After 1 year of follow-up, cardiovascular
complications were less frequent in the HMR group
compared to CABG 17.3% versus 29.1% (p = 0.038),
as well as compared to the PCI group 27.3%, but the
differences were not significant (p = 0.075).

The data obtained disagreed with the results of
the HREVS work by V | Ganyukov, et al. (2023), where
MACE rate at a follow-up of 12 months was, on the
whole, lower and did not differ in patients with CABG,
HMR and PCI (12.0%, 13.4% and 13.2%, respectively,
p = 0.831). To note, HREVS study was randomized,
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included a smaller number of patients (50 in a group),
and the surgical access in HMR patients was mini-
thoracotomy [16]. S Hu, et al. (2011) in their work noted
a lower MACE frequency in the HMR group compared to
standard CABG at 18 months of follow-up 90.4% versus
99.0% (p = 0.03) [17], which correlated with the data
obtained in our study.

At 5 years, MACE frequency was higher in patients
after CABG compared with patients after HMP and PCI
80.0% versus 57.3% (p = 0.001) and 67.3% (p = 0.032).
Upon that, the number of MACE cases in the HMR
group was lower compared to PCI group (p = 0.127).
In contrast, in HREVS study, at 5 years, adverse
cardiovascular and cerebral events were more often
recorded in the PCl group compared to CABG and HMR
69.4% versus 51.1% and 51.1% (p = 0.033) [16]. In the
study by A Hage, et al. (2019), a higher frequency of
adverse events after the median follow-up period of
81 [48; 113] months for the CABG group and 96 [53;
115] months for the HMR group was found in patients
after CABG, the main contribution was made by survival
index 85% versus 96% (p = 0.054) [18].

It should be noted that the main contribution to the
combined end point was made by clinically determined
repeat revascularization. Thus, by the end of the first
year of follow-up, the differences in this parameter
between the groups were not significant, however,
patients after HMR demonstrated a lower frequency
of target lesion failure compared to CABG and PCI
subjects, while the maximum differences were achieved
with the CABG group 15.5% versus 7.3% (p = 0.056).
At the end of the follow-up period, the rate of repeat
revascularization was significantly higher in the CABG
group compared with HMR 41.8% versus 29.1% (p = 0.049).
The number of such observations in the PCl group was
also less than in the CABG group, but the differences
were not statistically significant: 41.8% versus 33.6%
(p = 0.125). In a study by V Giambruno, et al. (2018),
patients after HMR demonstrated a lower rate of repeat
revascularization compared to the CABG group —
93% versus 91% (p = 0.27), as well as greater freedom
from recurrence of exertion angina — 70% versus 91%
(p = 0.001) [19], which generally correlated with our
results. E L Hannan, et al. (2021) noted that patients
after HMR demonstrated greater freedom from
repeated revascularization in the system of the anterior
descending artery compared with patients after PCI
91.13% versus 83.59%, adjusted odds ratio 0.51, 95%
confidence interval 0.34-0.77 [20].

Tom 32, N2 3, 2024
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CONCLUSION

Isolated coronary artery bypass grafting
demonstrates a higher frequency of repeat endovascular
interventions at 5 years after surgery compared to
hybrid revascularization, the latter providing statistically
significantly better results in terms of cardiovascular
complications. It seems promising to develop a unified
method of hybrid myocardial revascularization, which
includes optimization of surgical access, of phasing,
tactics and the amount of surgical and endovascular
revascularization.

ADDITIONALLY

Funding. This study was not supported by any external sources of
funding.

Conflict of interests. The authors declare no conflicts of interests.
Contribution of the authors: Yu. L. Shevchenko — concept of study,
editing; G. G. Borshchev — statistical processing of data and software,
writing the text, editing; D. Yu. Ermakov — selection, examination and
treatment of patients, collection of clinical material, writing the text;
M. A. Maslennikov — selection, examination and treatment of
patients, collection of clinical material; A. Yu. Vakhrameyeva —
processing, analysis and interpretation of data; 0. S. Ul'bashev —
statistical processing of data, writing the text, editing. The authors
confirm the correspondence of their authorship to the ICMJE
International Criteria. All authors made a substantial contribution
to the conception of the work, acquisition, analysis, interpretation
of data for the work, drafting and revising the work, final approval
of the version to be published and agree to be accountable for all
aspects of the work.

OuHaHcupoBaHue. ABTOpLI 3aABNAIT 06 OTCYTCTBUM BHELLHEro GUHaH-
CUPOBaHWA NPU NPOBEAEHNM UCCNIE0BAHNA.

KoH$pnuKT uHTepecoB. ABTOpbI 3aABNAIOT 06 OTCYTCTBMM KOHQMKTA
VHTEPeCoB.

Bknap aBetopoB: [leayeHko 0. JI. — KoHUeNuMA WCCNea0BaHuA,
pefakTvpoBaHve; bopwes . [ — cTatucTuyeckas 06paboTka AaHHbIX
M nporpamMMHoe obecrieyeHue, HamucaHve TeKCTa, pefaKTMpOBaHue;
Epmakos [. ). — otbop, obcnefoBaHue v fedeHWe nauneHToB, cbop
KIMHWYECKOro MaTepuana, HanucaHue TeKcta; MacieHHukos M. A. —
o1bop, 06CneoBaHMe 1 NedeHne NaumeHToB, CO0p KAMHUYECKOrO Ma-
Tepuana; Baxpameesa A. 0. — obpaboTKa, aHanu3 U UHTepnpeTauma
[aHHbIX; Yibbawes []. C. — cTatcTyeckasn 0b6paboTka faHHbIX, Hanu-
caHue TeKCTa, pefjakTpoBaHue. ABTOPbI MOATBEPHAAIOT COOTBETCTBUE
CBOEr0 aBTOPCTBA MeXAyHapoaHbiM Kputepuam ICMJE (sce aBTopbl
BHEC/M CYLLIECTBEHHBIM BKNAA B pa3paboTKy KOHLENUMM W NoaroToBKY
CTaTby, NPOUNV 1 0A0HPUNK GrHaNLHYIO Bepcuio nepes nybnvKaumen).

355



356

ORIGINAL STUDY ARTICLES

CMUCOK UCTOYHUKOB

1. boiuos C.A., Mposatopos C./. Bo3MoHOCTM gucnaHcepHoro Habnio-
JIEHWA B CHUMKEHWUM CMEPTHOCTM 0T MLEMUYECKO bonesHu cepaua //
TepaneBTudeckuin apxms. 2023. T. 95, N2 1. C. 5-10. doi: 10.26442/00
403660.2023.01.202038

2. Lawton J.S., Tamis—Holland J.E., Bangalore S., et al. 2021 ACC/
AHA/SCAI Guideline for Coronary Artery Revascularization: A Report of
the American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines // Circulation. 2022. Vol. 145,
No. 3. P. e18—e114. doi: 10.1161/CIR.0000000000001038

3. Gulkarov I., Salemi A., Pawlikowski A., et al. Outcomes and Direct
Cost of Isolated Nonemergent CABG in Patients With Low Ejection
Fraction // Innovations (Phila). 2023. Vol. 18, No. 6. P. 557-564. doi:
10.1177/15569845231207335

4. Neumann F.—J., Sousa-Uva M., Ahlsson A, et al,; ESC Scientific
Document Group. 2018 ESC/EACTS Guidelines on myocardial
revascularization // Eur. Heart J. 2019. Vol. 40, No. 2. P. 87-165. doi:
10.1093/eurheartj/ehy394

5. 3eHbKoB A.A., OctpoBckuin 10.M1., Beixpuctenko K.C., n ap. CpaBHu-
TesbHBIA aHanu3 pesynbTaToB MUHUMHBA3UBHOW PEBACcKynApM3aLmu
MWOKapAa, KOPOHAPHOro LYHTUPOBaHMA Ha paboTalolleM cepaue U ¢
VCKYCCTBEHHbIM KpoBoobpaLLeHueM // HoBocTu xupyprum. 2014. T. 22,
N2 1. C. 33-43.

6. Komapos P.H., cMannbaes AM., Kagbipanves B.K., n gp. Cospe-
MeHHble MoXofbl K MOMHOM peBacKynApM3aLMy MUoKapaa y nauu-
€HTOB C MHOIOCOCYMCTHIM MOPaXKEHWEM KOPOHapHBIX apTepuii U Ya-
CTUYHBIM WX MOJHBIM OTCYTCTBMEM TPAHCMNAHTATOB [/17 KOPOHAPHOM0
wyHTMpoBanua // Xupyprua. HypHan um. H.. TMuporosa. 2020. Ne 9.
C. 109-115. doi: 10.17116/hirurgia2020091109

7. Akbari T., Al-Lamee R. Percutaneous Coronary Intervention in Multi-
Vessel Disease // Cardiovasc. Revasc. Med. 2022. Vol. 44. P. 80-91.
doi: 10.1016/j.carrev.2022.06.254

8. LLesyenko 0.J1., Epmakos [.10., MacneHHukoB M.A., n ap. TakTvKa
3H/0BACKY/IAPHOI0 NeYeHNA HONbHBIX ULLEMUYECKOI 60Ne3HbI0 cepaLa
C peunarBOM BHYTPUCTEHTOBOIO PECTEHO3a KOPOHApHLIX apTepuid C
WCMOJIb30BAHNEM CTEHT-CUCTEM BTOPOrO M TPETHEMO MOKONEHWA U MO-
KpbITbIX NaKAUTaKceneM 6anoHHbIX KaTeTepos // Poccuiickuii Meam-
KO-BMONOrMYECKMIA BECTHUK MMeHM aragdemuka V. T1. Masnosa. 2024.
T.32,N° 1. C. 5-16. doi: 10.17816/PAVLOVJ625996

9. Thuijs D.J.F.M., Kappetein A.P., Serruys P.W., et al.; SYNTAX Extended
Survival Investigators. Percutaneous coronary intervention versus
coronary artery bypass grafting in patients with three-vessel or left
main coronary artery disease: 10-year follow-up of the multicentre
randomised controlled SYNTAX trial // Lancet. 2019. Vol. 394, No. 10206.
P. 1325-1334. doi: 10.1016/s0140-6736(19)31997-x

10. Burzotta F., Lassen J.F., Lefévre T, et al. Percutaneous coronary
intervention for bifurcation coronary lesions: the 15" consensus

Vol. 32 (3) 2024

DOl https://doi.org/ 1017816/ PAVLOVI632376

. P Pavlov Russian
Medical Biological Herald

document from the European Bifurcation Club // Eurolntervention.
2021. Vol. 16, No. 16. P. 1307-1317. doi: 10.4244/eij-d-20-00169

11. Azzalini L., Karmpaliotis D., Santiago R., et al. Contemporary Issues
in Chronic Total Occlusion Percutaneous Coronary Intervention //
JACC Cardiovasc. Interv. 2022. Vol. 15, No. 1. P. 1-21. doi: 10.1016/j.
jcin.2021.09.027

12. Shah M., Najam 0., Bhindi R,
Techniques in Complex Percutaneous Coronary Intervention // Circ.
Cardiovasc. Interv. 2021. Vol. 14, No. 5. P. e009870. doi: 10.1161/
circinterventions.120.009870

13. MetpocaH K.B. CoBpeMeHHOe COCTOAHME W NEpPCneKkTUBbLI PasBUTHA
rMOpUOHON peBacKkynApm3aumm Muokapaa // FpyaHas u cepreyHo-
cocyauctan xupyprua. 2020. T. 62, N 3. C. 177-186. doi: 10.24022/
0236-2791-2020-62-3-177-186

14. Nenna A., Nappi F., Spadaccio C., et al. Hybrid coronary
revascularization in multivessel coronary artery disease: a systematic
review // Future Cardiol. 2022. Vol. 18, No. 3. P. 219-234. doi:
10.2217/fca-2020-0244

15. WesyeHko 0.J1., Epmakos [.10., Mapyak O.M. OuchyHKumA Ko-
POHApHbIX LUYHTOB W CTEHTOB MOC/E XMPYPrUYecKon peBackyna-
pu3aumm Muokapfa 6onbHbeix VIBC: natoreHes, ¢akTopbl pucKa W

et al. Calcium Modification

KNMHWYECKan oueHKa // BecTHUK HaumoHanbHoro MeguKo-xupypri-
yeckoro LeHTpa uM. H.M. TMuporosa. 2022. T. 17, N 3. C. 94-100. doi:
10.25881/20728255_2022_17_3_94

16. TaHwokoB B.M., Koueprun H.A., Wunos A.A, n ap. PaHgomusmpo-
BaHHOE MCCMefoBaHue rMOpUAHOM KOpPOHapHOW peBacKynApM3aLmm
B CPaBHEHWWM CO CTaHAApPTHbIMU A0PTOKOPOHAPHBIM LUYHTUPOBAHW-
€M W MHOTOCOCYAWCTHIM CTEHTUPOBaHUEM: H-NIeTHWE pe3ysbTaThl
nccnenosanua HREVS // Kapauonorua. 2023. T. 63, N2 11. C. 57-63.
doi: 10.18087/cardio.2023.11.n2475

17. Hu S, Li Q., Gao P., et al. Simultaneous hybrid revascularization
versus off-pump coronary artery bypass for multivessel coronary
artery disease // Ann. Thorac. Surg. 2011. Vol. 91, No. 2. P. 432-438.
doi: 10.1016/j.athoracsur.2010.10.020

18. Hage A., Giambruno V. Jones P., et al. Hybrid Coronary
Revascularization Versus Off-Pump Coronary Artery Bypass Grafting:
Comparative Effectiveness Analysis With Long-Term Follow-up //
J. Am. Heart Assoc. 2019. Vol. 8, No. 24. P. e014204. doi: 10.1161/
jaha.119.014204

19. Giambruno V., Jones P., Khaliel F., et al. Hybrid Coronary
Revascularization Versus On-Pump Coronary Artery Bypass Grafting //
Ann. Thorac. Surg. 2018. Vol. 105, No. 5. P. 1330-1335. doi:
10.1016/j.athoracsur.2017.11.019

20. Hannan E.L, Wu Y.-F., Cozzens K., et al. Hybrid coronary
revascularization vs. percutaneous coronary interventions for
multivessel coronary artery disease // J. Geriatr. Cardiol. 2021. Vol. 18,
No. 3. P. 159-167. doi: 10.11909/j.issn.1671-5411.2021.03.003



https://doi.org/10.26442/00403660.2023.01.202038
https://doi.org/10.26442/00403660.2023.01.202038
https://doi.org/10.1161/CIR.0000000000001038
https://doi.org/10.1177/15569845231207335
https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.17116/hirurgia2020091109
https://doi.org/10.1016/j.carrev.2022.06.254
https://doi.org/10.17816/PAVLOVJ625996
https://doi.org/10.1016/s0140-6736(19)31997-x
https://doi.org/10.4244/eij-d-20-00169
https://doi.org/10.1016/j.jcin.2021.09.027
https://doi.org/10.1016/j.jcin.2021.09.027
https://doi.org/10.1161/circinterventions.120.009870
https://doi.org/10.1161/circinterventions.120.009870
https://dx.doi.org/10.24022/0236-2791-2020-62-3-177-186
https://dx.doi.org/10.24022/0236-2791-2020-62-3-177-186
https://doi.org/10.2217/fca-2020-0244
https://www.pirogov-vestnik.ru/numbers/detail.php?ID=2196&LANG=RU
https://doi.org/10.18087/cardio.2023.11.n2475
https://doi.org/10.1016/j.athoracsur.2010.10.020
https://doi.org/10.1161/jaha.119.014204
https://doi.org/10.1161/jaha.119.014204
https://doi.org/10.1016/j.athoracsur.2017.11.019
https://doi.org/10.11909/j.issn.1671-5411.2021.03.003

OPATHATIBHBIE MCCTIEAOBAHNA

REFERENCES

1. Boytsov SA, Provatorov SI. Possibilities of dispensary observation in
reducing mortality from coronary heart disease. Therapeutic Archive.
2023;95(1):5-10. (In Russ). doi: 10.26442/00403660.2023.01.202038
2. Lawton JS, Tamis—Holland JE, Bangalore S, et al. 2021 ACC/AHA/
SCAI Guideline for Coronary Artery Revascularization: A Report of the
American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. Circulation. 2022;145(3):
e18-114. doi: 10.1161/CIR.0000000000001038

3. Gulkarov I, Salemi A, Pawlikowski A, et al. Outcomes and
Direct Cost of Isolated Nonemergent CABG in Patients With Low
Ejection Fraction. Innovations (Phila). 2023;18(6):557—-64. doi:
10.1177/15569845231207335

4. Neumann F-J, Sousa—Uva M, Ahlsson A, et al; ESC Scientific
Document Group. 2018 ESC/EACTS Guidelines on myocardial
revascularization. Eur Heart J. 2019;40(2):87-165. doi: 10.1093/
eurheartj/ehy394

5. Ziankov AA, Ostrovskij UP, Vuhristenko KS, et al. Comparative analysis
of the results of minimally invasive myocardial revascularization and
coronary artery bypass grafting on the beating heart and with artificial
blood circulation. Novosti Khirurgii. 2014;22(1):33-43. (In Russ).

6. Komarov RN, Ismailbaev AM, Kadyraliyev BK, et al. Complete
myocardial revascularization in patients with multiple-vessel coronary
artery disease and partial or complete absence of the grafts for
coronary artery bypass surgery. Pirogov Russian Journal of Surgery.
2020;(9):109-15. (In Russ). doi: 10.17116/hirurgia2020091109

7. Akbari T, Al-Lamee R. Percutaneous Coronary Intervention in
Multi-Vessel Disease. Cardiovasc Revasc Med. 2022;44:80-91. doi:
10.1016/j.carrev.2022.06.254

8. Shevchenko Yul, Ermakov DYu, Maslennikov MA, et al. Tactics of
Endovascular Treatment of Patients with Coronary Heart Disease with
Recurrent Coronary In-Stent Restenosis Using Second- and Third-
Generation Stent Systems and Paclitaxel-Coated Balloon Catheters.
I. P. Pavlov Russian Medical Biological Herald. 2024;32(1):5-16. (In
Russ). doi: 10.17816/PAVLOVJ625996

9. Thuijs DJFM, Kappetein AP, Serruys PW, et al.; SYNTAX Extended
Survival Investigators. Percutaneous coronary intervention versus
coronary artery bypass grafting in patients with three-vessel or left
main coronary artery disease: 10-year follow-up of the multicentre
randomised controlled SYNTAX trial. Lancet. 2019;394(10206):1325-34.
doi: 10.1016/s0140-6736(19)31997-x

10. Burzotta F, Lassen JF, Lefévre T, et al. Percutaneous coronary
intervention for bifurcation coronary lesions: the 15" consensus

0b ABTOPAX

LlleB4yeHKo HOpuii JleonupoBuy, 1.M.H., npodeccop, akapeMuk PAH;
ORCID: https://orcid.org/0000-0001-7473-7572;
eLibrary SPIN: 8705-9810; e-mail: yur.leon@mail.ru

Tom 32, N2 3, 2024

DOl https://doi.org/ 1017816/ PAVLOVI632376

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
MMeHV akaneminka . 1. [1asnosa

document from the European Bifurcation Club. Eurolntervention.
2021;16(16):1307-17. doi: 10.4244/eij-d-20-00169

11. Azzalini L, Karmpaliotis D, Santiago R, et al. Contemporary Issues
in Chronic Total Occlusion Percutaneous Coronary Intervention. JACC
Cardiovasc Interv. 2022;15(1):1-21. doi: 10.1016/].jcin.2021.09.027

12. Shah M, Najam 0, Bhindi R, et al. Calcium Modification Techniques
in Complex Percutaneous Coronary Intervention. Circ Cardiovasc Interv.
2021;14(5):e009870. doi: 10.1161/circinterventions.120.009870

13. Petrosyan KV. Current status and perspective on hybrid myocardial
revascularization. Russian Journal of Thoracic and Cardiovascular
Surgery. 2020;62(3):177-86. (In Russ). doi: 10.24022/0236-2791-2020-
62-3-177-186

14. Nenna A, Nappi F, Spadaccio C, et al. Hybrid coronary
revascularization in multivessel coronary artery disease: a
systematic review. Future Cardiol. 2022;18(3):219-34. doi: 10.2217/
fca-2020-0244

15. Shevchenko Yul, Ermakov DYu, Marchak DI. Dysfunction
of coronary bypass grafts and stents after surgical myocardial
revascularization in patients with coronary artery disease:
pathogenesis, risk factors and clinical assessment. Bulletin of Pirogov
national medical and surgical Center. 2022;17(3):94-100. (In Russ).
doi: 10.25881/20728255_2022_17_3_94

16. Ganyukov VI, Kochergin NA, Shilov AA, et al. Randomized
Clinical Trial of Hybrid vs. Surgical vs. Percutaneous Multivessel
Coronary Revascularization: 5 year Follow-up of HREVS Trial.
Kardiologiia. 2023;63(11):57-63. (In  Russ). doi: 10.18087/
cardio.2023.11.n2475

17. Hu S, Li Q, Gao P, et al. Simultaneous hybrid revascularization
versus off-pump coronary artery bypass for multivessel coronary
artery disease. Ann Thorac Surg. 2011;91(2):432-8. doi: 10.1016/].
athoracsur.2010.10.020

18. Hage A, Giambruno V, Jones P, et al. Hybrid Coronary
Revascularization Versus Off-Pump Coronary Artery Bypass Grafting:
Comparative Effectiveness Analysis With Long-Term Follow-up.
J Am Heart Assoc. 2019;8(24):e014204. doi: 10.1161/jaha.119.014204
19. Giambruno V, Jones P, Khaliel F, et al. Hybrid Coronary Revascu-
larization Versus On-Pump Coronary Artery Bypass Grafting. Ann
Thorac Surg. 2018;105(5):1330-5. doi: 10.1016/j.athoracsur.2017.11.019
20. Hannan EL, Wu Y-F, Cozzens K, et al. Hybrid coronary
revascularization vs. percutaneous coronary interventions for
multivessel coronary artery disease. J Geriatr Cardiol. 2021;18(3):159—
67. doi: 10.11909/j.issn.1671-5411.2021.03.003

AUTHORS' INFO

Yuriy L. Shevchenko, MD, Dr. Sci. (Med.), Professor;
ORCID: https://orcid.org/0000-0001-7473-7572;
eLibrary SPIN: 8705-9810; e-mail: yur.leon@mail.ru

357


https://doi.org/10.26442/00403660.2023.01.202038
https://doi.org/10.1161/CIR.0000000000001038
https://doi.org/10.1177/15569845231207335
https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.17116/hirurgia2020091109
https://doi.org/10.1016/j.carrev.2022.06.254
https://doi.org/10.17816/PAVLOVJ625996
https://doi.org/10.1016/s0140-6736(19)31997-x
https://doi.org/10.4244/eij-d-20-00169
https://doi.org/10.1016/j.jcin.2021.09.027
https://doi.org/10.1161/circinterventions.120.009870
https://dx.doi.org/10.24022/0236-2791-2020-62-3-177-186
https://dx.doi.org/10.24022/0236-2791-2020-62-3-177-186
https://doi.org/10.2217/fca-2020-0244
https://doi.org/10.2217/fca-2020-0244
https://www.pirogov-vestnik.ru/numbers/detail.php?ID=2196&LANG=EN
https://doi.org/10.18087/cardio.2023.11.n2475
https://doi.org/10.18087/cardio.2023.11.n2475
https://doi.org/10.1016/j.athoracsur.2010.10.020
https://doi.org/10.1016/j.athoracsur.2010.10.020
https://doi.org/10.1161/jaha.119.014204
https://doi.org/10.1016/j.athoracsur.2017.11.019
https://doi.org/10.11909/j.issn.1671-5411.2021.03.003
https://orcid.org/0000-0001-7473-7572
https://elibrary.ru/author_profile.asp?id=996329
mailto:yur.leon%40mail.ru?subject=
https://orcid.org/0000-0001-7473-7572
https://elibrary.ru/author_profile.asp?id=996329
mailto:yur.leon%40mail.ru?subject=

358

ORIGINAL STUDY ARTICLES

Vol. 32 (3) 2024

. P Pavlov Russian
Medical Biological Herald

Bopues 'ne6 eHHaabeBuMY, [1.M.H., [JOLIEHT;
ORCID: https://orcid.org/0000-0002-8332-7521;
eLibrary SPIN: 3536-7949; e-mail: glebcenter@mail.ru

EpmakoB [IMutpui l0pbeBuY, KMH.;
ORCID: https://orcid.org/0000-0002-8479-8405;
eLibrary SPIN: 6512-5603; e-mail: ermakov.hs@gmail.com

MacneHHuKoB Muxaun AnpipeeBuy, K.MH.;
ORCID: https://orcid.org/0009-0003-3302-5167;
eLibrary SPIN: 5944-4676; e-mail: cardiologyru@gmail.com

BaxpameeBa AHacTacus l0pbeBHa, KM.H;
ORCID: https://orcid.org/0000-0003-2429-3015;
eLibrary SPIN: 5772-9062; e-mail: vakhrameeva_n@mail.ru

*Ynb6awes [laHuun Cepreesuy, KMH,;

ORCID: https://orcid.org/0000-0003-3288-8414;
eLibrary SPIN: 5294-3315; e-mail: dan103@mail.ru

* ABTOp, OTBETCTBEHHbIN 3a nepenucky / Corresponding author

00l https://doi.org/10.17816/PAVLOVI632376

Gleb G. Borshchev, MD, Dr. Sci. (Med.), Associate Professor:
ORCID: https://orcid.org/0000-0002-8332-7521;
eLibrary SPIN: 3536-7949; e-mail: glebcenter@mail.ru

Dmitriy Y. Ermakov, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0000-0002-8479-8405;
eLibrary SPIN: 6512-5603; e-mail: ermakov.hs@gmail.com

Mikhail A. Maslennikov, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0009-0003-3302-5167;
eLibrary SPIN: 5944-4676; e-mail: cardiologyru@gmail.com

Anastasiya Y. Vakhrameyeva, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0000-0003-2429-3015;
eLibrary SPIN: 5772-9062; e-mail: vakhrameeva_n@mail.ru

*Daniil S. Ul'bashev, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0000-0003-3288-8414;
eLibrary SPIN: 5294-3315; e-mail: dan103@mail.ru



https://orcid.org/0000-0002-8332-7521
https://elibrary.ru/author_profile.asp?id=967995
mailto:glebcenter%40mail.ru?subject=
https://orcid.org/0000-0002-8479-8405
https://elibrary.ru/author_profile.asp?id=1116921
mailto:ermakov.hs%40gmail.com?subject=
https://orcid.org/0009-0003-3302-5167
https://elibrary.ru/author_profile.asp?id=1101383
mailto:cardiologyru%40gmail.com?subject=
https://orcid.org/0000-0003-2429-3015
https://www.elibrary.ru/author_profile.asp?id=1254469
mailto:vakhrameeva_n%40mail.ru?subject=
https://orcid.org/0000-0003-3288-8414
https://elibrary.ru/author_profile.asp?id=893389
mailto:dan103%40mail.ru?subject=
https://orcid.org/0000-0002-8332-7521
https://elibrary.ru/author_profile.asp?id=967995
mailto:glebcenter%40mail.ru?subject=
https://orcid.org/0000-0002-8479-8405
https://elibrary.ru/author_profile.asp?id=1116921
mailto:ermakov.hs%40gmail.com?subject=
https://orcid.org/0009-0003-3302-5167
https://elibrary.ru/author_profile.asp?id=1101383
mailto:cardiologyru%40gmail.com?subject=
https://orcid.org/0000-0003-2429-3015
https://www.elibrary.ru/author_profile.asp?id=1254469
mailto:vakhrameeva_n%40mail.ru?subject=
https://orcid.org/0000-0003-3288-8414
https://elibrary.ru/author_profile.asp?id=893389
mailto:dan103%40mail.ru?subject=

