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ABSTRACT
INTRODUCTION: One of the main factors limiting the effectiveness of percutaneous coronary intervention (PCI) 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. 
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АННОТАЦИЯ
Введение. Одним из основных факторов, лимитирующих эффективность чрескожного коронарного вмешательства (ЧКВ),  
в отдаленном периоде наблюдения остается рестеноз внутри стента (РВС). В числе предикторов его развития — 
исходное бифуркационное поражение (БП) коронарных артерий (КА). Пациенты с такими поражениями представляют 
собой особо сложную для эндоваскулярного лечения группу.
Цель. Сравнить результаты различных методов лечения пациентов с ишемической болезнью сердца и РВС в области 
бифуркации КА.
Материалы и методы. В одноцентровое, нерандомизированное, ретроспективное исследование включено 
105 больных ишемической болезнью сердца с РВС в области бифуркации КА, которым выполнено ЧКВ с 2012 
по 2023 годы. I группа (n=40) — пациенты, которым выполнена повторная реваскуляризация с использованием 
одностентовой методики коронарного стентирования, II группа (n=32) — пациенты, которым выполнена 
реваскуляризация с использованием двухстентовой методики коронарного стентирования, III группа (n=33) — 
пациенты, у которых применена нестентовая технология лечения — аппликация антипролиферативного препарата 
посредством применения баллонных катетеров с лекарственным покрытием. Медиана периода наблюдения — 
380 [264; 411] дней.
Результаты. Статистически значимых различий в частоте рецидива РВС во всех группах выявлено не было,  
однако отмечалась тенденция к ее увеличению во II и III группах: 8 (25,0%) во II группе и 8 (24,2%) в III группе  
против 4 (10,0%) в I группе, p=0,18. Частота инфаркта миокарда значимо не различалась у пациентов анализируемых 
групп: 2 (5,0%) в I группе, 2 (6,3%) во II группе и 1 (3,0%) в III группе, p=0,828. Разницы в удельном весе 
неблагоприятных сердечно-сосудистых событий между группами также не зарегистрировано: 6 (15,0%) — I группа, 
11 (34,3%) — II группа и 9 (27,3%) — III группа, p=0,154. При использовании одностентовой методики коронарного 
стентирования отмечалась тенденция к уменьшению числа неблагоприятных сердечно-сосудистых событий 
в отдаленном послеоперационном периоде по сравнению с другими методами, однако не достигшая статистически 
значимого уровня: 6 (15,0%) против 20 (30,7%), p=0,07.
Заключение. Эндоваскулярная реваскуляризация при бинарном РВС зоны бифуркации КА с использованием одно-
стентовой, двухстентовой методики и баллонных катетеров с лекарственным покрытием обеспечивает удовлетво-
рительные непосредственные и отдаленные результаты, статистически значимо не отличающиеся друг от друга. 

Ключевые слова: чрескожное коронарное вмешательство; внутристентовый рестеноз; бифуркационное поражение; 
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INTRODUCTION
Percutaneous coronary intervention (PCI) 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 PCI 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 PCI 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 PCI, 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 PCI 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 

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 PCI 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 



DOI: https://doi.org/10.17816/PAVLOVJ643477

326
ОРИГИНАЛЬНОЕ  ИССЛЕДОВАНИЕ

Российский медико-биологический вестник 
имени академика И.П. ПавловаТом 33, № 3, 2025

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 I error rate of 5%, and an assumption 
that the minimum difference when comparing 3 groups be 

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 χ2 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 

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

Parameter Group 1,  
one-stent technique

Group 2,  
two-stent technique

Group 3,  
angioplasty with  

drug-eluting balloon 
catheter

p

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) 0.792

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] 0.822

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

Functional class of effort angina, 
n (%)

I 1 (2.5) 1 (3.1) 2 (6.1) 0.711

II 5 (12.5) 3 (9.34) 6 (18.2) 0.569

III 25 (62.5) 22 (68.8) 21 (63.6) 0.848

IV 4 (10) 2 (6.25) 2 (6.1) 0.771
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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 PCI, 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 PCI strategy with provisional stenting, but 

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.

Table 2. Angiographic characteristics of patients in the study groups

Parameter Group 1,  
one-stent technique

Group 2,  
two-stent technique

Group 3,  
angioplasty with  

drug-eluting balloon 
catheter

p

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 (15) 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 PCI, 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 PCI are presented in Figure 2.

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

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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Table 3. Periprocedural characteristics of patients in the studied groups

Parameter Group 1,  
one-stent technique

Group 2,  
two-stent technique

Group 3,  
angioplasty with  

drug-eluting balloon 
catheter

p

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; Q3], (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; Q3], (mm) 10.8 [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], (%) 43.4 [31.2; 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; 8.3] 9.7 [8.1; 15.6] 5.9 [2.1; 7.8] 0.003

Characteristics of percutaneous coronary intervention

Length of the stented section of the main branch,  
Me [Q1; Q3], (mm)

18.3 [14.9; 22.5] 19.7 [15.1; 22.3] – 0.667

Main branch stent diameter, Me [Q1; Q3], (mm) 3.12 [2.81; 3.29] 3.05 [2.76; 3.30] – 0.751

Length of the stented section of the side branch,  
Me [Q1; Q3], (mm)

– 12.9 [10.5; 15.9] – –

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

Резидуальный стеноз, 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 [13.5; 26.3] 9.3 [7.3; 14.8] 22.3 [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,  
one-stent technique

Group 2,  
two-stent 
technique

Group 3,  
angioplasty with  

drug-eluting balloon 
catheter

p

Myocardial infarction, n (%) 2 (5.0) 2 (6.25) 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) 1 (3.2) 0 (0) 0.317

Adverse cardiovascular events, n (%) 6 (15.0) 11 (34.3) 9 (27.3) 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 PCI, 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, PCI 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.

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–C4).
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In the Nordic Bifurcation study [10], devoted to the 
analysis of 5-year remote results of primary PCI 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 (CI) 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% 
CI 0.57–1.15; p=0.24; versus RR=0.75; 95% CI 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 

(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 PCI was not required.

In a non-randomized single-center study of efficiency 
and safety of the repeat PCI 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 PCI 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 PCI 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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