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ABSTRACT

INTRODUCTION: One of the main factors limiting the effectiveness of percutaneous coronary intervention (PCl) in the
long-term follow-up period is in-stent restenosis (ISR). One predictor of its development is the initial bifurcation lesion (BL)
of the coronary arteries (CA). Such patients present a particularly complicated group for endovascular treatment.

AIM: To compare the results of different treatment methods for patients with coronary heart disease and ISR in the area of
CA bifurcation.

MATERIALS AND METHODS: A single-center, non-randomized, retrospective study included 105 patients with coronary
heart disease with ISR in the area of CA bifurcation, who underwent PCI from 2012 to 2023. Group 1 (n=40) included
patients who underwent repeat revascularization using a one-stent coronary stenting technique, group 2 (n=32) included
patients who underwent revascularization using a two-stent technique, group 3 (n=33) included patients in whom a non-stent
treatment technology was used — application of an antiproliferative drug using drug-eluting balloon catheters. The median
follow-up period was 380 [264; 411] days.

RERSULTS: There were no statistically significant differences in the ISR recurrence rate in all groups, however, there was
a tendency for it to increase in groups 2 and 3: 8 (25.0%) in group 2 and 8 (24.2%) in group 3 versus 4 (10.0%) in group 1, p=0.18.
The frequency of myocardial infarction did not differ significantly in patients of the analyzed groups: 2 (5.0%) in group 1, 2
(6.3%) in group 2 and 1(3.0%) in group 3, p=0,828. There were also no differences in the proportion of adverse cardiovascular
vents between the groups: 6 (15.0%) in group 1, 11 (34.3%) in group 2, and 9 (27.3%) in group 3, p=0.154. When using a
one-stent coronary stenting technique, there was a tendency to reduction of the number of adverse cardiovascular events
in the late postoperative period compared to other methods, but it did not reach a statistically significant level: 6 (15.0%)
versus 20 (30.7%), p=0.07.

CONCLUSION: Endovascular revascularization in binary ISR of the CA bifurcation zone using a one-stent, two-stent
techniques and drug-eluting balloon catheters ensures satisfactory immediate and long-term outcomes with no statistical
difference.

Keywords: percutaneous coronary intervention; in-stent restenosis; bifurcation lesion; drug-eluting stents; balloon
angioplasty; coronary heart disease.
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AHHOTALIUA

Bsederue. 0gHWMM 13 0CHOBHbIX (aKTOPOB, IMMUTUPYIOLLMX 3G PEKTMBHOCTL YPECKOKHOM0 KOPOHApPHOro BMeLLaTenbcTBa (MKB),
B OTZaNeHHOM nepuofe HabniopeHua octaeTcA pecteHo3 BHyTpu cTeHTa (PBC). B umcne npeamkTopoB ero passutma —
ucxopHoe budypKaumoHHoe nopamerue (bI1) kopoHapHbix apTepui (KA). [aumeHTb ¢ TaKMMK NOPaKeHUAMM NpeacTaBnAlT
cobov 0cob0 CNoKHYI0 ANA 3HO0BACKYNAPHOIO IeYeHUA rpynny.

Llens. CpaBHUTb pe3ynbTaThl pa3iiMiHbIX METOJ0B SIEYEHWA MALMEHTOB C ULLeMUYecKol 6onesHbio cepaua v PBC B obnacTu
budypraumm KA.

Mamepuanel u memodel. B opHoLEHTPOBOE, HEpaHAOMWU3MPOBAHHOE, PETPOCMEKTUBHOE WCCNEAOBaHUE BKIIOYEHO
105 6onbHbIX MweMuyeckon bonesHbio cepaua ¢ PBC B obnactn 6ugypkaumm KA, KotopbiM BbinonHeHo YKB ¢ 2012
no 2023 ropbl. | rpynna (n=40) — naumeHTbl, KOTOPLIM BLIMOJSIHEHA MOBTOPHAA PEBACKYNAPM3aLMA C MCMOJb30BaHUEM
O[HOCTEHTOBOW METOAMKM KOPOHApHOro CTeHTMpoBaHuA, |l rpynna (n=32) — nauMeHTbl, KOTOPbIM BbIMOJIHEHA
PeBacKyNApPM3aUMA C UCMONb30BaHMEM [ABYXCTEHTOBOW METOAMKM KOpOHapHoro creHTupoBanuA, Il rpynna (n=33) —
MawyWeHTbIl, Y KOTOPbIX NPUMEHEHA HECTEHTOBAA TEXHOMOTUA JIeYEHUA — anmnyIMKauWA aHTUNponMepaTMBHOro npenapara
MocpeacTBOM MPUMEHEHWUs BanOHHbIX KaTeTepoB C JIEKAPCTBEHHLIM MOKPbITUEM. MefumaHa mepuopa HabnwopeHus —
380 [264; 411] pHei.

Pesynemamel. CTaTUCTUYECKM 3HAYMMbIX pas3nunumii B vactote peumamsa PBC Bo Bcex rpynnax BbiABNeHO He 6bino,
0[JHaKO OTMevanacb TeHaeHUMsA K ee yeenuuenmio Bo |l u IIl rpynnax: 8 (25,0%) Bo Il rpynne n 8 (24,2%) B Ill rpynne
npotuB 4 (10,0%) B | rpynne, p=0,18. YacTota MHdapKTa MMOKapaa 3HaYMMO He pa3nMyanach y NaLMeHToB aHaNU3npyeMbIx
rpynn: 2 (5,0%) B I rpynne, 2 (6,3%) Bo Il rpynne n 1(3,0%) B Il rpynne, p=0,828. Pasuuubl B ygenbHoM Bece
HebnaronpuUATHLIX CepAeYHO-COCYOMCThIX COBBITUIA Me Ay rpynnamMm TaKKe He 3apernctpupoBaHo: 6 (15,0%) — | rpynna,
11 (34,3%) — Il rpynna u 9 (27,3%) — Il rpynna, p=0,154. Mpu ncnonb3oBaHWUK 0JHOCTEHTOBOWM METOAMKM KOPOHAPHOM0
CTEHTUPOBaHUA OTMeYanacb TEHOEHUMA K YMEHbLUEHWUI0 4ucria HebnaronpuATHbIX CepAeYHO-COCYAMCTbIX COBbLITUM
B 0TZa/eHHOM MOCNeonepaLyoHHOM Nepuoae No CPaBHEHUIO C APYrMMU METOAAMM, OJHaKO He [OCTUMLLAA CTaTUCTUYECKU
3Haummoro ypoBHs: 6 (15,0%) npotus 20 (30,7%), p=0,07.

3aknyeHue. IHAOBACKyNAPHan peBackynapu3aums npu 6uHapHoM PBC 30HbI 6udypKaumm KA ¢ ucronb3oBaHMeM ofHo-
CTEHTOBOW, [BYXCTEHTOBOW METOAMKU W BaNNOHHbIX KaTeTepoB C JIEKAPCTBEHHBIM MOKPLITUEM 0becneynBaeT yaoBneTBo-
puTeNbHbIE HEMOCPEACTBEHHbIE U OTHAMNEHHbIE pe3ynbTaThl, CTaTUCTUYECKM 3HAUMMO He OTNIUYAloLLMecs apyr OT gpyra.

KnioueBble cnoBa: YpeCKOXHOe KopoHapHoe BMeLLaTe1bCTBO; BHYTpMCTEHTOBbIﬁ pPecTeHos; 6M¢ypKaLI,VIOHHOE nopaxeHue;
CTeHTbl C IeKapCTBEHHbIM NOKPbITUEM,; bannoHHanA aHrMonnacTuKa; ulieMmyeckan 6onesHb cepaua.
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INTRODUCTION

Percutaneous coronary intervention (PCl) permits
restoring the patency of coronary arteries (CA) in case of
their atherosclerotic lesion, decreasing the functional class
of exertion angina and reducing the need for antianginal
drugs in patients with coronary heart disease (CHD) [1]. One
of the main factors of endovascular revascularization that
limits the effectiveness of PCl after the operation is in-stent
restenosis leading to recurrence of myocardial ischemia
and decrease in the duration and quality of life of patients.
In the European guidelines for the treatment of coronary
heart disease (2024), the incidence of ISR manifestation in
the form of acute coronary syndrome is determined as 20%
of the total number of patients, in other cases ISR runs in
the form of stable CHD or painless ischemia [2]. One of the
significant predictors of ISR development in the long-term
period after PCl is the initial bifurcation lesion (BL) of the
coronary bed.

Patients with restenosis in the area of CA bifurcation
remain a challenge for endovascular treatment. Coronary
stents installed at the first stage of PCl, complicate
manipulations with the introduction of guidewires, balloon
catheters and stent systems into the BL area [3]. Use of
two-stent techniques affects the intensity of neointimal
hyperplasia in the long-term period after the intervention. A
one-stent technique for ISR-BL seems to be more effective
in reducing the risk of recurrent ISR, although not always
providing an optimal angiographic result.

One of the possible solutions to the problems of PCI
in ISR-BL is the use of a drug-eluting balloon catheter
(DEBC), which has shown itself to advantage as an isolated
method of endovascular treatment of patients with ISR with
uncomplicated restenosis [4-8]. However, the application
of a drug using DEBC is possible only in one branch of
the bifurcation or proximal segments of the branches. In
this case, it is not always possible to obtain a satisfactory
angiographic result after using DEBC, which may force
a transition to coronary stenting (CS). The evidence base
for the effectiveness of DEBC in ISR-BL is limited, which
necessitates the evaluation of the results of this technique.

The aim of this study compares the results of different
methods of treatment of patients with coronary heart
disease and in-stent restenosis in the area of coronary
artery bifurcation.

MATERIALS AND METHODS

The retrospective study included 105 patients with
coronary artery disease and binary ISR in the bifurcation
zone of the coronary artery, who underwent repeat PCl at
the Department of X-ray Surgical Diagnostic and Treatment
Methods of the St. George Thoracic and Cardiovascular
Surgery Clinic of the National Medical and Surgical Center
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named after N.I. Pirogov from 2012 to 2023. The study was
approved from the Local Ethics Committee of the National
Medical and Surgical Center named after N.I. Pirogov
(Protocol No. 2 of May 27, 2024).

Group 1 included 40 patients who underwent repeat
endovascular revascularization of the bifurcation lesion with
implantation of a one drug-eluting stent (DES-1), group 2
included 32 patients who underwent repeat PCl using a two-
stent technique (DES-2); group 3 consisted of 33 patients
after balloon angioplasty (BAP) with DEBC. The patients
of the analyzed groups did not differ in the clinical and
demographic characteristics (Table 1).

The tactics of endovascular intervention and its
amount were determined by the operating surgeon based
on the morphological characteristics of the target lesion
of the CA. In the case of true BLs, preference was given
to a two-stent technique. In situations when the use of
one endovascular instrument (DEBC or DES) was justified
in PCI with full correction of the target lesion, the choice
of technique depended on the angiographic result of the
primary conventional BAP, vessel diameter, presence
of calcification, bifurcation angle, as well as data from
intravascular ultrasound (IVUS) and optical coherence
tomography (OCT).

Restenosis in the bifurcation zone of the coronary artery
was defined angiographically as a loss of =50% of lumen of
the stented section or artery 5 mm proximally or distally
from the edge of the installed stent and/or de novo 50% or
more stenosis of the side branch of the bifurcation with the
involvement of its orifice in the projection of the previously
installed stent of the main branch.

Inclusion criteria: in-stent restenosis in the bifurcation
zone of the coronary artery according to coronary angiography
(CAG) data; clinical picture of high functional class of angina
and/or significant extent of myocardial ischemia according to
single-photon emission computed tomography synchronized
with ECG or stress echocardiography.

Non-inclusion criteria: combined hemodynamically
significant lesion of coronary artery and valves; left
ventricular aneurysm requiring reconstruction; severe renal
failure; oncological pathology.

Primary endpoint: target lesion revascularization (TLR)
defined as repeat coronary endovascular intervention in the
stented area for ISR or any other complication.

Secondary combined endpoint: adverse cardiovascular
events (ACVE): myocardial infarction, TLR, cardiac death.
Endpoint parameters were assessed cumulatively for 365
days after PCI.

Before surgery, 80 (76.2%) patients underwent a stress
test to objectively assess ischemia. Of these, 52 (55.9%)
patients underwent myocardial perfusion scintigraphy, 28
(30.1%) — stress echocardiography. At the preoperative
stage, selective multiprojection CAG was performed on
a Toshiba Infinix angiographic unit (Japan) according to a

325



OPUTHATIBHOE MCCIEOBAHNE

Tom 33, N2 3, 2025

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
yMeHn akagemuka W1 [1asnosa

Table 1. Clinical and demographic characteristics of patients in the studied groups

.Group 3, .
Parameter one-stG;:tuFe!Hnique two-s?er:tu Fegllmique dri;?::ﬂiansgtyb\;vlllt:on p
catheter
Age, Me [Q1; Q3], years 65.8 [57.2; 67.3] 66.3 [55.1; 67.9] 63.5 [60.8; 66.9] 0.625
Male gender, n (%) 30 (75.0) 25 (78.1) 24.(72.7) 0.88
Smoking, n (%) 24 (60.0) 21 (65.6) 19 (57.6) 0792
Diabetes mellitus, n (%) 14 (35.0) 11 (34.4) 9(27.3) 0.75
Left ventricular ejection fraction, Me [Q1; Q3], (%) 58.2 [53.8; 61.9] 57.6 [54.6; 63.8] 57.1 [55.5; 62.8] 0822
Arterial hypertension, n (%) 30 (75.0) 23 (71.9) 26 (78.8) 0.812
Myocardial infarction in history, n (%) 13 (32.5) 13 (40.6) 14 (42.4) 0.625
Asymptomatic myocardial ischemia, n (%) 5(12.5) 4(12.5) 2(6.1) 0.607
| 1(25) 1@1) 2(6.1) 0.711
Functional class of effort angina, I 5(12.9) 3(9.34) 6(18.2) 0569
n () i 25 (625) 22 (688) 21 (63) 0848
% 4(10) 2 (6.25) 2(6.1) 0.771

standard protocol with evaluation of the results obtained by
two independent specialists.

During coronary stenting, patients were implanted
second-generation DES (cobalt (cobalt alloy) stent systems
with zotarolimus, cobalt-chromium stent systems with
sirolimus and zotarolimus)) and third-generation DES
(platinum-chromium stent systems with everolimus, cobalt-
chromium stent systems with sirolimus, rapamycin with a
biodegradable drug coating).

In group 1, the provisional stenting strategy was
used. If necessary, pre- or post-dilation of the side branch
(SB) was performed using a standard balloon catheter. In
the second group of patients, bifurcation T-stenting, TAP,
DK-mini crush techniques were used; all patients underwent
kissing angioplasty with obligatory proximal optimization of
the stented area. Patients in group 3 underwent BAP using
DEBC with paclitaxel. All 33 (100%) patients in the DEBC
group were performed predilation of the restenosis zone
using a non-drug-eluting balloon catheter.

The criterion for angiographic success when using
BAP with DEBC was defined as residual stenosis of the CA
less than 50%.

In 15 patients (14.3%), intravascular imaging methods
were used: IVUS in 9 cases (8.57%), and OCT in 5 cases
(4.76%).

The required sample size was calculated based on
power of 80%, a type | error rate of 5%, and an assumption
that the minimum difference when comparing 3 groups be

DOl https://doi.org/1017816/PAVLOVI643LTT

0.8 with a standard deviation of the dependent variable of
1. Estimation of required sample size: 32 in each group.
Statistical calculations were performed in Statistica 12.0
program (Stat Soft Inc., USA). The data were assessed
for normal distribution (Shapiro-Wilk test). Kruskal-Wallis
test was used to assess the statistical significance of
differences in quantitative data between the three groups;
Mann-Whitney test was used to compare two unrelated
groups. The x? test with Yates correction was used to
assess the statistical significance of differences in qualitative
data. Survival curves were constructed using Kaplan—Meier
method and compared using the log-rank test. Differences
were considered statistically significant at p <0.05.
Quantitative data are presented as medians and interquartile
ranges (Me [Q1; Q3]). Qualitative data are presented as
absolute values and percentages (n (%)).

RESULTS

There were no statistically significant differences
between patients in terms of the location of coronary artery
lesions and the outcome of primary PCI. In all groups,
lesions of the anterior descending artery predominated.
In most patients, only the main branch was stented at
the first stage of endovascular intervention: 25 (62.5%)
in group 1, 17 (53.1%) in group 2, and 16 (48.5%) in
grou 3, p=0.468. A two-stent technique was statistically
significantly less frequently used in patients with isolated ISR
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of the main branch: 3 (9.4%) in group 2 versus 19 (59.4%)
in group 1 and 18 (54.5%) in group 2, p <0.001, and more
frequently in patients with combined ISR of the main and
side branch: 26 (81.3%) in group 2 versus 10 (25.0%)
in group 1 and 5 (15.1%) in group 3, p <0.001. A total of
75 (71.4%) patients underwent DES implantation at the first
stage of PCl, and 11 (10.4%) patients received at least one
bare metal stent (BMS). In 19 (18.1%) patients, the type of
previously installed stent(s) could not be determined. The
structure of the lesion according to A. Medina classification
did not differ in groups 1 and 3 (Table 2, Figure 1).

Group 2 included 9 patients who were initially planned
for a one-stent PCl strategy with provisional stenting, but

Table 2. Angiographic characteristics of patients in the study groups
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due to significant compromise of the SB, conversion to a
two-stent technique was performed. The overall conversion
rate was 9/47 (19.1%). In 6/33 (18.2%) patients, BAP with
DEBC have not provided a satisfactory angiographic result
of revascularization, and therefore a decision was made to
implant a stent. In 3 (9.1%) patients of group 3 with BL 1.0.1
according to A. Medina classification, a single-step stent
application was performed in the proximal parts of the MB
and SB using one DEBC. In one case (3.03%), in a patient
with 0.1.1 lesion, BAP of the MB and SB was performed in
sequence using two DEBCs. Also, two DEBCs were used in
1 (3.03%) patient of group 3 with true ISR of BL 1.1.1 using
kissing dilation. In total, in group 3, 35 DEBCs were used.

Group 3,

Parameter Group 1, ' Group 2, _ angiopl_asty with P
one-stent technique | two-stent technique drug-eluting balloon
catheter
Location of coronary artery bed lesion
Bifurcation of the left coronary artery trunk, n (%) 4(10.0) 1@3.1) 4(12.1) 0.398
Anterior descending artery system, n (%) 24 (60.0) 21 (65.6) 19 (57.6) 0.792
Circumflex artery system, n (%) 8 (20.0) 5(15.6) 5(15.2) 0.83
Right coronary artery system, n (%) 6 (15.0) 4(12.5) 2(6.1) 0.478
Results of primary percutaneous intervention
Stenting of the main branch, n (%) 25 (62.5) 17 (53.1) 16 (48.5) 0.468
Stenting of the side branch, n (%) 6 (1) 5(15.6) 7(21.2) 0.411
Stenting of the main and side branches, n (%) 9 (22.5) 10 (31.25) 10 (30.3) 0.653

In most patients, a transradial access was used.
According to the quantitative CAG analysis, before PCI, the
median lesion length in patients after DEBC was significantly
shorter than in patients who underwent stent implantation.
The minimum diameter of the SB lumen was significantly
smaller, and the extent of stenosis and length of lesion
of the SB were greater in group 2. According to the
intraoperative characteristics of PCl, the length and diameter
of the stented section of the MB in groups 1 and 2 did not
show statistically significant differences.

According to the quantitative analysis at the end of the
intervention, residual stenosis of the MB was statistically
significantly more evident in group 3 (p=0.002). Residual
stenosis of the SB was less in group 2 (p=0.001, Table 3).
The immediate results of PCl are presented in Figure 2.

The median follow-up period for patients after PCI
was 380 [264; 411] days. The incidence of acute myocardial

DOl https://doi.org/1017816/PAVLOVI643LTT

infarction did not differ in all study groups: 2 (5.0%) in
group 1, 2 (6.25%) in group 2, and 1 (3.03%) in group 3,
p=0.828. One (3.2%) patient in group 2 died from acute
transmural myocardial infarction of a non-target vessel;
all other recorded cases of myocardial infarction were
non-fatal. No significant differences were found in the incidence
of recurrent ISR in all groups, but there was a tendency
for it to increase in groups 2 and 3: 4 (10.0%) in group 1,
8 (25.0%) in group 2, and 8 (24.2) in group 3, p=0.18. There
was also no difference in the proportion of ACVE in all the
study groups: 6 (15.0%) in group 1, 11 (34.3%) in group 2,
and 9 (27.3%) in group 3, p=0.154 (Table 4). When using
a one-stent technique, there was a tendency to reduction
of the number of ACVE in the late postoperative period
compared to other methods, but no statistical differences
were found: 6 (15.0%) versus 20 (30.7%), p=0.07.
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Group 3,
Parameter one-stGe::tufelHnique two-s?er:tu fegf'mique drig?lec;ﬂt?:gtyb\;vlllt:on P
catheter
Radial access, n (%) 25 (62.5) 23 (71.9) 20 (60.6) 0.592
Quantitative analysis before percutaneous coronary intervention
Main branch
Reference vessel diameter, Me [Q1; Q3], (mm) 3.05 [2.77; 3.24] 3.11[2.71; 3.30] 3.01[2.75; 3.21] 0.690
Minimum lumen diameter, Me [Q1; 3], (mm) 0.54[0.15; 0.79] 0.61[0.10; 0.77] 0.59[0.11; 0.83] 0.789
Stenosis diameter, Me [Q1; Q3], (%) 78.2 [71.4; 93.4] 78.9 [72.3; 99.1] 83.7 [71.0; 95.4] 0.805
Lesion length, Me [Q1; 3], (mm) 108 [7.5; 13.4] 11.6[8.2;13.5] 7.3[4.8;10.2] 0.033
Side branch
Reference vessel diameter, Me [Q1; Q3], (mm) 2.37 [2.21; 2.54] 2.41[2.27; 2.68] 2.43[2.31; 2.69] 0.794
Minimum lumen diameter, Me [Q1; Q3], (mm) 1.47 [1.02; 1.73] 0.82 [0.44; 1.17] 1.54[1.37; 2.13] <0.001
Extent of stenosis, Me [Q1; Q3], (%) 43.431.2;59.4] 75.8 [48.7; 83.4] 46.9[29.7,51.9] 0.008
Lesion length, Me [Q1; Q3], (mm) 6.1[2.5;83] 9.718.1; 15.6] 5912.1;7.8] 0.003
Characteristics of percutaneous coronary intervention
g erted sectonof e main branch 1830149:225]  197[151; 223) - 0,667
Main branch stent diameter, Me [Q1; Q3], (mm) 3.12[2.81; 3.29] 3.05[2.76; 3.30] - 0.751
Il\_/leen?é?;oé;?e(;t;r;ted section of the side branch, a 129 [105; 15.9] B 3
Side branch stent diameter, Me [Q1; Q3], (mm) - 2.61[2.37; 2.82] - -
Balloon catheter length, Me [Q1; Q3], (mm) - - 15.6 [10.9; 18.4] -
Balloon catheter diameter, Me [Q1; Q3], (mm) - - 3.15 [2.75; 3.35] -
Quantitative analysis after percutaneous coronary intervention
Main branch
Minimum lumen diameter, Me [Q1; Q3], (mm) 3.01[2.75; 3.20] 3.05 [2.68; 3.25] 2.92[2.63; 3.05] 0.881
PeanayanbHbiii cTeHos, Me [Q1; Q3], % 9.7 [4.5; 13.9] 8.3 (4.8, 13.2] 13.3[9.5;16.1] 0.002
Side branch
Minimum lumen diameter, Me [Q1; Q3], (mm) 2.31[2.15; 2.44] 2.36 [2.20; 2.57] 2.27[2.16; 2.58] 0.504
Residual stenosis, Me [Q1; Q3], (%) 21.2[135;26.3] 9.3[7.3; 14.8] 22.31[18.5; 26.9] 0.001
Table 4. Adverse cardiovascular events in the long-term postoperative period in patients of the studied groups
Parameter Group 1, . tsvrsfjsﬁezr{t angig;(;;spt;'with p
one-stent technique technique drug-eluting balloon
catheter
Myocardial infarction, n (%) 2(5.0) 2 (6.29) 1(3.03) 0.828
Revascularization of the target lesion (ISR recurrence), n (%) 4(10.0) 8 (25.0) 8 (24.2) 0.18
Cardiac death, n (%) 0(0) 13.2) 0(0) 0317
Adverse cardiovascular events, n (%) 6 (15.0) 11 (343) 9(273) 0.154
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Fig. 1. The structure of the bifurcation lesion of the coronary bed according to the classification of A. Medina: SB — side branch, MB —

main branch.

DISCUSSION

One of the main factors that limits PCI effectiveness in
the long-term period after the intervention is ISR. Coronary
stent implantation induces a cascade of reactions of the
proliferative response to a foreign body in the CA, which
leads to loss of the lumen of the stented segment. In the
long-term period after PCl, restenosis becomes a cause of
recurrence of myocardial ischemia, and in some cases, of
acute myocardial infarction, which impairs the quality of life
and prognosis in patients with CHD. In recurrent myocardial
ischemia after the primary intervention, with uncomplicated
lesions of coronary arteries, PCl is often performed in
cardiology hospitals and is an effective and safe method of
treating patients with ISR. Restenosis can be corrected both
by implanting a stent(s) and by using a drug-based BAP.

DOl https://doi.org/1017816/PAVLOVI643LTT

X-ray surgical treatment of patients with BL restenosis
is not a routine task for an endovascular surgeon due to the
ambiguous tactics, technical complexity of the intervention
and suboptimal prognosis for ISR in this category of patents.
The evidence base for the effectiveness and safety of PCI
lacks power. When analyzing the existing literature devoted
to correction of ISR of the BL, we used data search services
Google Scholar, PubMed, and CyberLeninka and eLibrary
databases. Domestic studies on X-ray surgical correction of
BL restenosis are presented only as clinical observations [9],
while foreign studies are limited to single non-randomized
analyses with a small number of patients. Our study of the
results of endovascular myocardial revascularization in the
zone of BL restenosis using modern stent systems and
DEBC, is one of the first in Russia.
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Fig. 2. The immediate result of percutaneous coronary intervention with a one-stent method of correcting bifurcation in-stent restenosis (A1-A4),
with a two-stent method (B1-B4) and using a drug-eluting balloon catheter (C1-CA).
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In the Nordic Bifurcation study [10], devoted to the
analysis of 5-year remote results of primary PCl in BL,
the frequency of primary TLR in the groups of optional
stenting of the SB and stenting of the MB and SB was 14.3%
versus 18.3% respectively (p=0.14). The proportion of ACVE
(cardiac death, myocardial infarction, TLR) also did not differ
statistically significantly in both groups 15.8% versus 21.8%
in groups 1 and 2 respectively (p=0.15). In meta-analysis of
R. Nairooz et al. (2017) [11], which included 2778 patients
with primary BL, it was noted that with a mean follow-
up period of (3.0+1.6) years, provisional stenting was
associated with a lower risk of all-cause death compared
with a two-stent strategy (relative risk (RR) 0.66; 95%
confidence interval (Cl) 0.45-0.98, p=0.04)). At the same
time, no differences were found in the incidence of TLR,
myocardial infarction, stent thrombosis, and ACVE. When
analyzing studies with a longer follow-up period (4.6+0.7)
years the risk of developing TLR and stent thrombosis also
did not differ between both stenting strategies (RR 0.81; 95%
Cl 0.57-1.15; p=0.24; versus RR=0.75; 95% Cl 0.19-2.84;
p=0.67 respectively) [12].

In our previously published work [13], the proportion
of the ISR recurrence with uncomplicated lesion of CA at
12 months of follow-up after implantation of DES and BAP of
the restenosis zone with DEBC was 11.9% (n=18) and 16.7%
(n=14), p >0.05. The frequency of myocardial infarction did
not differ and was 6 (3.1%) cases in both groups, also one
patient in each cohort suffered an acute cerebrovascular
accident (p >0.05), no fatal outcomes were recorded.

The RIBS IV study [14] compared the effectiveness
and safety of using DEBC and DES with everolimus in the
x-ray endovascular correction of ISR in 309 patients with
DES-ISR with uncomplicated coronary artery disease. The
rate of TLR within a year was 11 (7.1%) in the DES group
versus 24 (15.6%) in patients who underwent BAP with DEBC
(RR 0.43; 95% CI 0.21-0.87, p=0.015). The need for late
(>1 year) revascularization in the two groups did not differ
statistically significantly. The incidence of the combined
endpoint of ACVE (cardiac death, myocardial infarction, TLR)
was lower in the cohort of everolimus-eluting stents: 19
(12.3%) vs. 31 (20.1%), RR 0.57; 95% CI 0.34-0.96, p=0.04.

In the study by V.V. Demin et al. (2016), the immediate
and long-term results of the use of paclitexel-eluting balloon
catheter were assessed in 212 ISR patients using IVUS and
OCT. The incidence of ISR recurrence after 3-6 months of
follow-up was 21.7% [15].

In the DAEDALUS meta-analysis [16], the results of
the use of DEBCs and DES in the treatment of ISR patients
with uncomplicated coronary artery disease were studied. A
total of 710 patients with BMS-ISR (722 lesions) and 1,248
patients with DES-ISR (1,377 lesions) were included in the
study. Over 12 months, no differences were observed in TLR
between the patients with BMS-ISR and DEBC- and DES-ISR
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(9.2% versus 10.2% respectively). In patients with DES-ISR,
the rate of TLR was higher in BAP with DEBC and made
20.3% compared with 13.4% in repeated DES implantation
(RR 1.58; 95% CI 1.16-2.13). The rates of all-cause deaths,
myocardial infarction, and TLR were similar in both groups.

T.K. Eraliev et al. (2021) [17] assessed the immediate
and in-hospital outcomes of provisional T-stenting (n=40)
and DEBC (n=40) in patients with BL. The technical success
of the intervention on the main branch did not differ between
the groups (97.5% in the group with drug-eluting balloon
(DEB) and 100% in the group of provisional stenting)). At
the same time, in the group of DEBC, the technical success
rate on the MB was statistically higher (87.5% versus 60%).
The transition to a two-stent technique was required in 3
cases in each group. Periprocedural myocardial infarction
was noted in 1 patient in the provisional stenting group and
in 2 patients in the DEBC group. In all cases, patients were
treated conservatively; repeat PCl was not required.

In a non-randomized single-center study of efficiency
and safety of the repeat PCl of BL in 64 patients with use
of DES, BMS and DEBC [18], the following results were
obtained: the frequency of achieving the combined endpoint of
ACVE was lower in the group using DES alone in comparison
with any other intervention strategies (a two-stent
technique, BMS or DEBC) 4 (10.8%) versus 8 (29.6%), p=0.04.

Thus, the results obtained in our study, correlated quite
closely with the data of domestic and foreign works. The
incidence rate of ISR and ACVE with the implantation of DES
alone generally corresponded to the proportion of these
parameters in the correction of uncomplicated restenotic
lesions of the CA, as well as the use of a one-stent technique
in primary and repeated PCl on the BL. Recurrence of binary
restenosis and ACVE were slightly more often detected in
patients after repeated implantation of two DESs in the
ISR zone compared to primary two-stent PCl on the BL
(according to literature data), while no statistically significant
difference in the development of adverse events was noted
between the DES-2 and DEBC groups. A tendency towards
an increase in the incidence of ISR and ACVE recurrence was
revealed in the DES-2 and DEBC groups compared to DES-1.

Limitations of the study: a single-center study,
inclusion was retrospective, no randomization, a small
number of patients.

CONCLUSION

Endovascular revascularization in binary restenosis
of coronary artery bifurcation using a one-stent, two-
stent techniques and drug-eluting balloon catheters,
provides satisfactory immediate and long-term results of
percutaneous coronary intervention, without statistically
significant difference.
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