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ABSTRACT

Introduction and objectives: There are limited data on the preferred treatment strategy in ST-segment
elevation myocardial infarction (STEMI) patients with bifurcation lesions. This study aimed to compare
clinical outcomes between 1-stent and 2-stent strategies in STEMI patients with bifurcation lesions
undergoing primary percutaneous coronary intervention (PCI).
Methods: The COronary BIfurcation Stenting II is a retrospective multicenter registry of 2897 consecutive
patients with bifurcation lesions undergoing PCI with drug-eluting stents from January 2003 through
December 2009. Among the registered population, 367 (12.7%) patients had STEMI; of these, a 1-stent
strategy was used in 304 patients and a 2-stent strategy in 63 patients; 77.1% of the patients received
primary PCI with a ﬁrst-generation drug-eluting stent. The inverse-probability-of-treatment-weighting
method was used to adjust for confounding factors. The primary outcome was major adverse
cardiovascular events (MACE), a composite of cardiac death, myocardial infarction, target lesion
revascularization, and stent thrombosis.
Results: The median length of follow-up was 38 months. Postprocedural side branch diameter stenosis
differed signiﬁcantly between the 2 groups (1-stent vs 2-stent, 42.7% vs 9.7%; P < .001). After the
performance of inverse-probability-of-treatment-weighting methods, the rate of MACE was signiﬁcantly higher in the 2-stent group than in the 1-stent group (HR, 1.85; 95%CI, 1.19-2.87; P = .006), mainly
driven by target lesion revascularization and stent thrombosis.
Conclusions: In STEMI patients with bifurcation culprit lesions undergoing primary PCI, the 2-stent
strategy had signiﬁcantly higher rates of MACE than the 1-stent strategy, despite successful treatment of
the side branch. However, this result should be interpreted with caution because this study does not
reﬂect current practice.
C 2018 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Estrategia de tratamiento de lesiones en bifurcación tratados con ICP primaria
en el contexto del IAMCEST. Registro COBIS II
RESUMEN
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Intervención coronaria percutánea primaria

Introducción y objetivos: Hay poca información acerca de la estrategia de tratamiento de lesiones en
bifurcación en el contexto del infarto agudo de miocardio con elevación del segmento ST (IAMCEST). Este
estudio comparó los resultados clı́nicos entre 2 estrategias de tratamiento, 1 y 2 stents, en estos pacientes
con lesiones en bifurcación tratados con intervención coronaria percutánea (ICP) primaria en el contexto
del IAMCEST.
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Métodos: El COronary BIfurcation Stenting II es un registro retrospectivo multicéntrico que incluyó a
2.897 pacientes consecutivos con lesiones en bifurcación tratados con ICP y stents farmacoactivos desde
enero de 2003 a diciembre de 2009. En el registro habı́a 367 pacientes (12,7%) con IAMCEST, de los que se
trató a 304 con estrategia de 1 stent y a 63 con la estrategia de 2 stents; el 77,1% de los pacientes tratados
con ICP primaria recibieron stents farmacoactivos de primera generación. Para el ajuste de factores de
confusión, se usó el método de ponderación por el inverso de la probabilidad de tratamiento. El objetivo
primario fue el compuesto de eventos adversos cardiovasculares mayores (MACE): muerte cardiaca,
infarto agudo de miocardio, revascularización de la lesión diana y trombosis del stent.
Resultados: La media de seguimiento fue de 38 meses. El diámetro de la estenosis de la rama secundaria
tras el procedimiento fue signiﬁcativamente diferente entre los grupos de 1 y 2 stents (el 42,7 frente al
9,7%; p < 0,001). Después de llevar a cabo la ponderación por el inverso de la probabilidad de
tratamiento, la tasa de MACE fue signiﬁcativamente mayor en el grupo de 2 stents que en el de 1
(HR = 1,85; IC95%, 1,19-2,87; p = 0,006), principalmente por las mayores tasas de revascularización de la
lesión diana y trombosis del stent.
Conclusiones: En pacientes con IAMCEST y lesiones culpables en bifurcación tratados con ICP primaria, la
estrategia de 2 stents tuvo una tasa de MACE signiﬁcativamente mayor que la de 1 stent, a pesar del éxito
del tratamiento inicial de la rama secundaria. Sin embargo, este resultado deberı́a interpretarse con
cautela, dado que este estudio no reﬂeja la práctica clı́nica actual.
C 2018 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations
DES: drug-eluting stent
MACE: major adverse cardiovascular events
PCI: percutaneous coronary intervention
SB: side branch
ST: stent thrombosis
STEMI: ST-segment elevation myocardial infarction

INTRODUCTION
Coronary bifurcation lesions are frequent and are involved in 15%
of percutaneous coronary interventions (PCIs).1 However, they
remain the most challenging procedure in interventional cardiology,
despite enormous advances in PCI technique and devices.2 Although
many attempts have been made with a variety of different stenting
techniques, current guidelines still recommend that provisional side
branch (SB) stenting should be the initial approach in patients with
bifurcation lesions, based on the results of previous randomized
controlled trials.3 However, most of these trials comparing the
outcomes between provisional 1-stenting and 2-stenting strategies
excluded patients with ST-segment elevation myocardial infarction
(STEMI) or included a limited number of cases.4–9
The prevalence of bifurcation culprit lesions in STEMI is
approximately 10% and their impact on clinical outcomes has
been evaluated in multiple studies.10–14 All of these data showed
similar outcomes between bifurcation and nonbifurcation culprit
lesions in patients with STEMI. However, there are limited data on
the preferred treatment strategy in STEMI patients with bifurcation culprit lesions who receive primary PCI. Therefore, we sought
to compare the clinical outcomes between 1-stent and 2-stent
strategies for bifurcation culprit lesion in patients with STEMI
undergoing primary PCI using a real-world registry.

METHODS
Study Population
The COBIS (COronary BIfurcation Stenting) II registry is a
retrospective, multicenter registry (NCT01642992) dedicated to

patients with bifurcation lesions undergoing PCI with drug-eluting
stents (DES). Between January 2003 and December 2009,
2897 consecutive patients were enrolled from 18 major coronary
intervention centers in Korea. The inclusion criteria for the registry
were bifurcation lesions treated with DES only, main vessel
diameter  2.5 mm, and SB diameter  2.3 mm conﬁrmed by
quantitative coronary analysis. The exclusion criteria were
cardiogenic shock, cardiopulmonary resuscitation, and protected
left main disease. Among the registered population, 367 (12.7%)
patients had STEMI and all of them have received primary PCI. Of
these, the 1-stent strategy was applied in 304 (82.8%) patients and
the 2-stent strategy in 63 (17.2%) patients (Figure 1). This study
was supported by the Korean Society of Interventional Cardiology.
The study protocol was approved by the institutional review board
of each hospital.
Interventional Procedure
All interventions were performed according to current practice
guidelines. All patients received loading doses of aspirin (300 mg)
and clopidogrel (300-600 mg) before coronary intervention unless
they had previously received these antiplatelet medications.
Anticoagulation during PCI was performed using low-molecular
weight heparin or unfractionated heparin to achieve an activated
clotting time of 250 to 300 seconds. The treatment strategy for
bifurcation lesion, access, type of DES, use of intravascular
ultrasound, and duration of dual antiplatelet therapy were at
the operator’s discretion.
Data Collection and Analysis
Patient information, procedural data, and outcome data were
collected using a web-based reporting system. Additional information was obtained from review of the medical records or
telephone contact, if necessary. Coronary angiograms were
reviewed and analyzed quantitatively by an independent core
laboratory at Samsung Medical Center with a Centricity CA
1000 automated edge-detection system (GE, Waukesha, Wisconsin,
United States) using standard qualitative and quantitative analyses
and deﬁnitions.15 When the lesion characteristics were difﬁcult to
classify due to obstructive lesions with decreased Thrombolysis in
Myocardial Infarction ﬂow, the Medina classiﬁcation and baseline
quantitative coronary angiography was measured after restoring
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COBIS II registry (2003.01~2009.12)
2897 patients with bifurcation lesions
undergoing PCI with DES

Stable coronary artery disease
(N = 1099)

Acute coronary syndrome
(N = 1798)

NSTEACS
(N = 1431)

STEMI
(N = 367)

1-stent
(N = 304)

2-stent
(N = 63)

Figure 1. Flowchart of the study population. COBIS, COronary BIfurcation Stenting; DES, drug-eluting stent; NSTEACS, non—ST-segment elevation acute coronary
syndrome; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.

artery patency. True bifurcation lesions were deﬁned as Medina
classiﬁcation type (1,1,1; 1,0,1, and 0,1,1) lesions.16 Bifurcation
lesions were divided into 3 segments for quantitative coronary
angiographic analysis: proximal main vessel, distal main vessel,
and SB ostium. We determined the minimum luminal diameter
and reference diameter for each segment. Percent diameter
stenosis was calculated as 100  (reference diameter-minimum
luminal diameter/reference diameter). Bifurcation angle was
deﬁned as the angle between the distal main vessel and the SB
at its origin using the angiographic projection with the widest
separation of the 2 branches. An independent clinical event
adjudicating committee reviewed all outcome data reported from
the participating centers.
Definitions and Outcomes
Angiographic success of the main vessel was deﬁned as  30%
residual stenosis with ﬁnal Thrombolysis in Myocardial Infarction
ﬂow grade 3. Angiographic success of the SB was deﬁned as
residual stenosis  50% with ﬁnal Thrombolysis in Myocardial
Infarction ﬂow grade 3.11 Procedural success of PCI was deﬁned as
angiographic success without associated in-hospital major clinical
complications (death, myocardial infarction, stroke, emergency
coronary artery bypass graft surgery).3 The primary endpoint was
major adverse cardiovascular events (MACE), a composite of
cardiac death, myocardial infarction, target lesion revascularization, and stent thrombosis (ST). All deaths were considered of
cardiac cause unless obvious noncardiac causes could be identiﬁed.
Myocardial infarction was deﬁned as an elevation of creatine
kinase-myocardial band or troponin level greater than the upper
limit of normal with concomitant ischemic symptoms or
electrocardiography ﬁndings indicative of ischemia. Periprocedural enzyme elevation was not included in this deﬁnition of
myocardial infarction. Target lesion revascularization was deﬁned
as repeat PCI of the lesion within 5 mm of the inserted stent. Stent
thrombosis was deﬁned using the deﬁnitions of the Academic
Research Consortium as deﬁnite, probable, or possible.17 Both deﬁnite

and probable cases were included as ST in this study. The timing of ST
was stratiﬁed as early (within 1 month after the index procedure), late
(between 1 month and 1 year), or very late (after 1 year).
Statistical Analysis
The main comparison groups were the 1-stent vs 2-stent
technique in patients with STEMI undergoing primary PCI. Categorical variables were compared using the chi-square test, and
continuous variables were compared using the Student t test or
Wilcoxon rank-sum test, as appropriate. The cumulative incidences of
clinical events were calculated based on Kaplan-Meier censoring
estimates and the log rank test was used to compare survival curves
between the 2 groups. A Cox proportional hazard regression model
was used to calculate hazard ratio (HR) and 95% conﬁdence interval
(95%CI) to compare the difference of events. The inverse-probabilityof-treatment-weighting method was performed to reduce the
possibility of biased effect estimates in observational studies.18,19
Variables selected for use in the inverse-probability-of-treatmentweighting method included age, sex, hypertension, diabetes mellitus,
dyslipidemia, previous history of PCI, previous myocardial infarction,
left ventricular ejection fraction, multivessel disease, left main
bifurcation, stent type, true bifurcation, and SYNTAX score. An inverse
probability weighted propensity-score adjusted Cox proportional
hazard regression model was used to compare the clinical outcomes
between the 1-stent and 2-stent techniques after adjustment for
potential confounding factors. Statistical analyses were performed
using R Statistical Software (version 3.2.5; R Foundation for Statistical
Computing, Vienna, Austria) with P < .05 considered statistically
signiﬁcant.
RESULTS
Baseline Clinical Characteristics
The baseline clinical characteristics of STEMI patients according
to treatment strategy are shown in Table 1. The 2-stent group had a
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Table 1
Baseline Clinical and Angiographic Characteristics According to Treatment
Strategy in Patients With Bifurcation Culprit Lesions Undergoing Primary PCI
1-stent (n = 304)

2-stent (n = 63)

P

Age, y

61.1  11.4

60.3  11.3

.64

Male sex

235 (77.3)

483 (76.2)

.98

Hypertension

170 (55.9)

26 (41.3)

.05

Diabetes mellitus

72 (23.7)

18 (28.6)

.51

Dyslipidemia

76 (25.0)

14 (22.2)

.76

Previous PCI

12 (3.9)

6 (9.5)

.12

Previous MI

8 (2.6)

4 (6.3)

.26

LVEF, %

52.2  11.9

52.5  13.6

.86

Multivessel disease

118 (38.8)

34 (54.0)

.04

Multivessel PCI

55/118 (46.6)

13/34 (38.2)

Involved vessel

.50
< .001

LAD-LCX

53 (17.4)

28 (44.4)

LAD-diagonal

186 (61.2)

29 (46.0)

LCX-OM

44 (14.5)

3 (4.8)

RCA bifurcation

21 (6.9)

3 (4.8)

LAD, left anterior descending artery; LCX, left circumﬂex artery; LVEF, left
ventricular ejection fraction; MI, myocardial infarction; OM, obtuse marginal; PCI,
percutaneous coronary intervention; RCA, right coronary artery.
Data are presented as mean  standard deviation or No. (%).

higher proportion of multivessel disease and left main coronary
artery involvement, but a lower proportion of hypertension
compared with the 1-stent group. Other risk factors for cardiovascular disease were similar between the 1-stent and 2-stent
strategy groups. In the subset of STEMI with multivessel disease,
44.7% of patients received multivessel PCI and there was no
signiﬁcantly difference of multivessel PCI between the 1-stent and
2-stent strategy groups.

Angiographic and Procedural Characteristics
Table 2 presents the lesion and procedural characteristics of the
study population. The proportion of true bifurcation and procedural success rates of SB were higher in the 2-stent group than in
the 1-stent group. The 2-stent group had higher rates of ﬁnal
kissing-balloon inﬂation and intravascular imaging compared with
the 1-stent group. In addition, total stent length was signiﬁcantly
longer in the 2-stent group than in the 1-stent group. There were
no signiﬁcant differences between the 2 groups in procedural
success rates of main vessel or acute closure of both main vessel
and SB during PCI.
On quantitative coronary angiographic analysis of postprocedural data, there was no signiﬁcant difference in main vessel
percent diameter stenosis between the 2 groups. However, percent
diameter stenosis of the SB was more improved in the 2-stent
group (Table 2).

Temporal Trends of Treatment Strategy and Stent Type
Figure 2 shows trends of the proportion of 2-stent strategy
and second-generation DES use according to year of enrollment.
Use of second-generation DES rapidly increased after 2007 and was
signiﬁcantly lower in the 2-stent strategy group than in 1-stent
strategy group (Table 2, Figure 2). In addition, cases from earlier
years received the 2-stent strategy more frequently and it seemed
to decrease gradually over time (Figure 2).

Clinical Outcome
During the median follow-up of 38 months [interquartile range
26-50], 44 MACEs occurred among the 367 STEMI patients with
bifurcation culprit lesions, including 9 cardiac deaths, 14 myocardial infarctions, 6 STs, and 32 target lesion revascularizations.
Compared with the 1-stent strategy, the 2-stent strategy was
associated with higher rates of MACE (1-stent vs 2-stent; 15.7% vs
28.9%, HR, 2.10; 95%CI, 1.10-4.01; P = .03) (Table 3, Figure 3), which
was mainly driven by ST (0.3% vs 8.4%; HR, 24.70; 95%CI, 2.88211.39; P = .003) and target lesion revascularization (11.4% vs
25.3%; HR, 2.31; 95%CI, 1.09-4.88; P = .03) (Table 3, Figure 4). Rates
of cardiac death and MI were not signiﬁcantly different between
the 2 groups.
Table 4 shows the detailed characteristics of patients with ST.
Most cases occurred in the left main lesion treated with the 2-stent
strategy. Three cases occurred early (within 1 month) and the other
3 cases occurred late (between 1 month and 1 year) or very late
(after 1 year). All patients developed ST during maintenance of
dual antiplatelet therapy.
Inverse-probability-of-treatment-weighting Adjustment
After adjustment using the inverse-probability-of-treatmentweighting method, trends of clinical outcomes were similar to the
results of overall data. The C-statistic for the propensity-score
based prediction model was 0.87 (95%CI, 0.83-0.91), which
indicates good discrimination (Hosmer-Lemeshow goodness of
ﬁt P = .68). The rate of MACE was signiﬁcantly higher in the 2-stent
strategy group compared with the 1-stent strategy (adjusted HR,
1.85; 95%CI, 1.19-2.87; P = .006) (Table 3). In addition, ST (adjusted
HR, 19.83; 95%CI, 3.04-129.41; P = .002) and target lesion
revascularization (adjusted HR, 2.17; 95%CI, 1.29-3.63; P = .003)
occurred more frequently in the 2-stent group than in the 1-stent
group (Table 3).
Independent Predictors of Major Adverse Cardiovascular
Events
In the multivariate inverse-probability weighted Cox proportional hazard model, the 2-stent strategy was an independent
predictor of MACE (adjusted HR, 1.82; 95%CI, 1.16-2.84; P = .009).
This result was consistent after performing competing risk analysis
to adjust for noncardiovascular death (adjusted HR, 1.75; 95%CI,
1.16-2.65; P = .008).20,21 Noncardiovascular death occurred in
6 patients during follow-up. Other independent predictors
included SYNTAX score (adjusted HR, 2.12; 95%CI, 1.30-3.44;
P = .002), age (adjusted HR, 1.04; 95%CI, 1.02-1.06; P = .001),
and true bifurcation lesion (adjusted HR, 1.98; 95%CI, 1.18-3.31;
P = .010) (Table 5).

DISCUSSION
In the present study, we investigated the associations between
clinical outcomes and the treatment strategy of bifurcation culprit
lesions in STEMI patients with bifurcation culprit lesions
undergoing primary PCI. The main ﬁndings were as follows. First,
among patients with bifurcation culprit lesions who presented
with STEMI and underwent primary PCI, the rate of occurrence of
MACE was signiﬁcantly higher in the 2-stent group than in the
1-stent group, despite successful treatment of the SB. In particular,
these results were maintained after inverse-probability-of-treatment-weighting analysis to reduce selection bias. Second, in the
multivariate inverse-probability weighted Cox regression model,
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Table 2
Lesion and Procedural Characteristics According to Treatment Strategy in Patients With Bifurcation Culprit Lesions Undergoing Primary PCI
1-stent (n = 304)

2-stent (n = 63)

P

No. of stents used

1.48  0.76

2.35  0.60

<.001

Total stent length

30.1  15.0

52.8  17.3

<.001

First-generation DES

227 (74.7)

56 (88.9)

Second-generation DES

Stent type

.02

77 (25.3)

7 (11.1)

Final kissing balloon

60 (20.1)

53 (84.1)

<.001

Intravascular imaging

68 (22.4)

34 (54.0)

<.001

True bifurcation

145 (47.7)

48 (76.2)

<.001

1,1,1

89 (29.3)

26 (41.3)

1,0,1

22 (7.2)

6 (9.5)

0,1,1

34 (11.2)

16 (25.4)

1,0,0

46 (15.1)

1 (1.6)

1,1,0

44 (14.5)

6 (9.5)

0,1,0

65 (21.4)

5 (7.9)

0,0,1

4 (1.3)

3 (4.8)

16.5 [11.0-22.5]

19.0 [13.5-23.0]

.05

NC ballooning

92 (30.3)

18 (28.6)

.91

Angiographic success

298 (98.0)

61 (96.8)

.90

Final TIMI ﬂow < 3

6 (2.0)

1 (1.6)

.84

Vessel closure during PCI

32 (10.5)

6 (9.5)

.82

NC ballooning

17 (5.6)

12 (19.0)

.001

Angiographic success

183 (60.2)

61 (96.8)

<.001

Final TIMI ﬂow < 3

19 (6.3)

1 (1.6)

.14

Vessel closure during PCI

38 (12.5)

8 (12.7)

.70

Bifurcation angle (degree)

59.9 [43.0-75.1]

62.2 [46.5-79.0]

.24

1-stenting without SB ballooning

212 (69.7)

—

1-stenting with SB ballooning

92 (30.3)

—

Classic T-stenting

—

6 (9.5)

Modified-T or TAP

—

17 (27.0)

Crush

—

29 (46.0)

Kissing or V stenting

—

8 (12.7)

Culottes

—

3 (4.8)

MV RD, mm

3.0 [2.8-3.4]

3.2 [2.9-3.5]

.03

SB RD, mm

2.4 [2.3-2.6]

2.5 [2.3-2.8]

.01

MV MLD, mm

2.6 [2.3-2.9]

2.7 [2.4-2.9]

.20

SB MLD, mm

1.4 [1.0-1.9]

2.3 [2.0-2.6]

<.001

MV diameter stenosis, %

14.8 [6.6-22.6]

15.7 [8.4-23.5]

SB diameter stenosis, %

42.7 [27.0-58.8]

9.7 [3.0-18.3]

Medina classification

SYNTAX score

<.001

Main vessel

SB

QCA after procedure

.31
<.001

DES, drug-eluting stent; MLD, minimal luminal diameter; MV, main vessel; NC, noncompliant; PCI, percutaneous coronary intervention; QCA, quantitative coronary analysis;
SB, side branch; RD, reference diameter; TAP, T and protrusion; TIMI, Thrombolysis in Myocardial Infarction.
Data are expressed as No. (%), mean  standard deviation or median [interquartile range].

2-stenting strategy, SYNTAX score, true bifurcation, and old age
were independent predictors of MACE in STEMI patients with
bifurcation culprit lesions.
The Impact of Bifurcation Culprit Lesion in ST-segment
Elevation Myocardial Infarction
ST-segment elevation myocardial infarction is a clinical
syndrome deﬁned by characteristic symptoms of myocardial
ischemia in association with persistent electrocardiographic ST

elevation and subsequent release of biomarkers of myocardial
necrosis. Primary PCI is the preferred reperfusion strategy for
patients with STEMI.22,23 The most important principle in the
treatment of STEMI is rapid reperfusion of the occluded coronary
artery; in this regard, a simple method such as the 1-stent strategy
with a provisional approach to reduce the procedure time may be
better. There are 5 previous studies that evaluated the impact of
bifurcation lesions on angiographic and clinical outcomes of STEMI
patients undergoing primary PCI.10–14 Although the procedural
time was a conﬂicting factor, all of these studies showed similar
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2-stent strategy, %
2nd generation DES, %

Proportion, %

60

40
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0
2003~2005
(N = 60)
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(N = 49)
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(N = 115)

2007
(N = 47)

2009
(N = 96)

Figure 2. Temporal trends of the treatment strategy and stent type used. Trends of proportion of 2-stent strategy and second-generation DES use according to
enrolled year are presented. DES, drug-eluting stent.

Table 3
Clinical Outcomes of Total Population According to Treatment Strategy in Patients With Bifurcation Culprit Lesions Undergoing Primary PCI
IPTW adjusteda

Unadjusted
1-stent (n = 304)

2-stent (n = 63)

31 (15.7%)

13 (28.9%)

2.10 (1.10-4.01)

.03

1.85 (1.19-2.87)

.006

6 (2.9%)

3 (4.8%)

2.42 (0.61-9.69)

.21

2.13 (0.79-5.74)

.14

MI

11 (5.5%)

3 (5.4%)

1.38 (0.39-4.95)

.62

1.08 (0.48-2.45)

.94

TLR

22 (11.4%)

10 (25.3%)

2.31 (1.09-4.88)

.03

2.17 (1.29-3.63)

.003

1 (0.3%)

5 (8.4%)

.003

19.83 (3.04-129.41)

.002

MACEb
Cardiac death

Stent thrombosisc

HR (95%CI)

24.70 (2.88-211.39)

P

HR (95%CI)

P

95%CI, 95% conﬁdence interval; IPTW, inverse-probability-of-treatment-weighting; MI, myocardial infarction; HR, hazard ratio; MACE, major adverse cardiovascular events;
PCI, percutaneous coronary intervention; TLR, target lesion revascularization.
Values are expressed as No. (%). The cumulative incidence of events is presented as Kaplan-Meier estimates.
a
Inverse probability weighted propensity-score adjusted Cox proportional hazard regression model was used to adjust for baseline clinical and angiographic differences.
b
MACE was deﬁned as a composite of cardiac death, myocardial infarction, stent thrombosis, and TLR.
c
Stent thrombosis was deﬁned as deﬁnite or probable.

clinical outcomes of STEMI with or without bifurcation lesions.
However, more than 90% of the participants enrolled in the
previous 4 studies underwent a 1-stent strategy, and there were no
data comparing clinical outcomes and treatment strategy. In
contrast to previous studies, the present study included a higher
proportion of patients undergoing the 2-stent strategy; therefore,
we could analyze the preferred treatment strategy for STEMI
patients with bifurcation culprit lesions.

Survival free from MACE

1.00

0.75

0.50

Treatment Technique in ST-segment Elevation Myocardial
Infarction With Bifurcation Culprit Lesion
1-stent
2-stent

0.25

0.00
0

180

360

540

720

Time, days
Figure 3. Inverse-probability-of-treatment-weighting adjusted Kaplan-Meier
curves of primary outcomes according to treatment strategy. Inverseprobability-of-treatment-weighting adjusted Kaplan-Meier curves for MACE
in patients with bifurcation culprit lesions undergoing primary PCI according
to the 1-stent or 2-stent strategy. MACE, major adverse cardiovascular events;
PCI, percutaneous coronary intervention.

Bifurcation lesion remains one of the most challenging aspects
in interventional cardiology and is associated with a lower
procedural success rate and increased rates of long-term adverse
cardiac events.24 A previous study by our group indicated that
MACE occurred more frequently in patients with acute coronary
syndrome than in those with stable disease.25 Consistent with a
previous study, clinical event rates of our study population were
higher than in most previous trials, which excluded patients with
STEMI and bifurcation lesion.4–8 The DKCRUSH-II9 was the only
randomized controlled trial that included STEMI patients in a
comparison between provisional 1-stent and 2-stent strategies. In
that study, 12.7% of the randomly assigned population with
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Figure 4. Inverse-probability-of-treatment-weighting adjusted Kaplan-Meier curves of secondary outcomes according to treatment strategy. Inverse-probabilityof-treatment-weighting adjusted Kaplan-Meier curves for cardiac death (A), AMI (B), TLR (C), and ST (D) in patients with bifurcation culprit lesions undergoing
primary PCI according to the 1-stent or 2-stent strategy. AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; ST, stent thrombosis; TLR,
target lesion revascularization.

Table 4
Clinical and Lesion Characteristics of Patients With Stent Thrombosis
No.

Group

Age, y

Sex

Deﬁnite or probable ST

Vessel location

Timing of ST

1

1-stent strategy

47

Male

Deﬁnite

LCX-OM

Early

2

2-stent strategy

53

Male

Deﬁnite

RCA bifurcation

Late

3

2-stent strategy

66

Male

Probable

LAD-LCX

Early

4

2-stent strategy

66

Male

Deﬁnite

LAD-LCX

5

2-stent strategy

66

Male

Deﬁnite

6

2-stent strategy

62

Female

Probable

Days from
procedure to ST

DAPT maintenance

Stent type

Death

4

Yes

2nd

No

118

Yes

1st

No

0

Yes

1st

Yes

Very late

483

Yes

1st

No

LAD-LCX

Very late

586

Yes

1st

No

LAD-LCX

Early

4

Yes

1st

Yes

DAPT, dual antiplatelet therapy; LAD, left anterior descending artery; LCX, left circumﬂex artery; OM, obtuse marginal; RCA, right coronary artery; ST, stent thrombosis.

Table 5
Independent Predictors of MACE in the IPTW-adjusted Model
Variable

Adjusted HR (95%CI)a

P

2-stent strategy

1.82 (1.16-2.84)

.009

SYNTAX score  median

2.12 (1.30-3.44)

.002

True bifurcationb

1.98 (1.18-3.31)

.010

Age (continuous)

1.04 (1.02-1.06)

.001

95%CI, 95% conﬁdence interval; HR, hazard ratio; IPTW, inverse-probability-oftreatment-weighting; MACE, major adverse cardiovascular events.
a
Harrell’s C-index of the inverse probability weighted Cox regression model was
0.69 (95%CI 0.63-0.76).
b
True bifurcation was deﬁned as Medina classiﬁcation (1,1,1; 1,0,1, or 0,1,1).

bifurcation lesion were STEMI patients. Interestingly, the proportion of STEMI patients in our registry data were also 12.7% for
nonrandomized registry data.9 The post-hoc analysis of DKCRUSH
II showed that clinical outcomes of STEMI patients treated with the
double kissing crush technique were comparable to those of
patients treated with the provisional 1-stent technique, but there
are several limitations in the application of these ﬁndings to
clinical practice.26 First, it is difﬁcult to determine the preferred
strategy due to the very small sample size (33 patients with double
kissing crush technique and 30 patients with provisional stenting).
Second, patients with left main bifurcation lesion were excluded
from the analysis. In contrast to the previous study, the results of
our study indicated that the 2-stent strategy was associated with
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higher rates of MACE than the provisional 1-stent strategy in
STEMI patients with bifurcation culprit lesion. In addition, the 2stent technique was an independent predictor of MACE, mainly
due to higher rates of target lesion revascularization and ST. Our
data also showed that the proportion of 2-stent strategy gradually
decreased over time in the treatment of bifurcation culprit lesion
for STEMI patients. This result might have been affected by several
large randomized studies, which favored the 1-stent strategy and
were published in the late 2000s.4–8 Consistent with previous
studies, patients treated with 1-stent strategy had favorable
outcomes even in STEMI patients with bifurcation culprit lesion.
However, this study was conducted at the same era as previous
randomized controlled trials and thus it may not reﬂect current
clinical practice. Well-designed randomized controlled studies
would be helpful to conﬁrm this result.
Independent Predictors of Major Adverse Cardiovascular
Events
The present study indicated that independent predictors of
MACE were the 2-stent strategy, SYNTAX score, true bifurcation,
and old age. SYNTAX score is a comprehensive angiographic
scoring system based on coronary anatomy and lesion characteristics27 that has been validated as an independent predictor in
patients with STEMI.28 In agreement with the previous study, our
study showed that SYNTAX score was an independent predictor of
MACE in STEMI patients with bifurcation culprit lesion. In addition,
some previous studies indicated that true bifurcation lesion was
associated with a higher incidence of procedural complications
and unfavorable long-term outcomes compared with other types
of lesions.29,30 These results were conﬁrmed in our study.
Therefore, physicians should carefully consider the treatment
strategy in patients requiring a 2-stent technique with high
SYNTAX score or true bifurcation.
Stent Thrombosis
Stenting bifurcation lesions with DES are associated with an
increased risk of ST.31 Ong et al.32 reported that bifurcation stenting
(using crush, t-stent, or culotte crush technique) in the setting of
acute myocardial infarction was a highly signiﬁcant independent
risk factor for ST. In agreement with previous studies, patients
treated with the 2-stent strategy had a higher risk of ST than those
treated with the 1-stent strategy. Interestingly, in our study
population, all cases of ST occurred during maintenance with dual
antiplatelet therapy. In addition, most cases of ST occurred after left
main vessel treatment with 2-stenting. These results suggest that
2-stent implantation, especially in the left main vessel, requires
additional attention despite maintenance of prolonged dual
antiplatelet therapy. However, these results should be interpreted
with caution because small vessel ST could remain underdiagnosed.
Limitations
The present study had several limitations. First, it was a
nonrandomized, observational study, which may have affected the
results because of confounding factors. In addition, the selection of
treatment strategy, medication, stent type, and stenting technique
was based on the physician’s preference. In particular, some
patients in the 2-stent strategy group did not receive the ﬁnal
kissing balloon inﬂation, which was strongly recommended in
bifurcation lesions treated with complex procedures. This could
have affected the poorer prognosis of the 2-stent strategy group.
Although an inverse-probability-of-treatment-weighting analysis

was used to adjust the baseline differences and to reduce selection
bias, unmeasured variables were not correctable. Second, some
critical variables related to STEMI, such as baseline Thrombolysis
in Myocardial Infarction ﬂow, could not be presented because the
COBIS II registry focused on bifurcation lesions, not STEMI. Third,
sample sizes were probably inadequate for the analysis of ST risk
between the 2 groups. In addition, it is not certain that increased
risk of ST in the 2-stent group was associated only with the 2-stent
strategy, because almost all cases of ST occurred in patients who
received ﬁrst-generation DES, which was more frequently used
in the 2-stent group. However, to the best of our knowledge, this is
the largest study to compare 1-stent vs 2-stent in STEMI patients
with bifurcation culprit lesion. Fourth, we excluded patients with
cardiogenic shock or cardiopulmonary resuscitation. In addition,
our data did not contain patients who underwent coronary artery
bypass graft surgery or balloon-angioplasty only PCI. Therefore, the
current results cannot be extrapolated to these patient subsets.
Fifth, the primary outcome did not include noncardiovascular
death and therefore patients who died for noncardiovascular cause
before occurring MACE will be outside the risk pool. Although
competing risk analysis was performed and showed consistent
results, it might have been affected by very low rates of
noncardiovascular death. Furthermore, we had no data on reasons
for repeat revascularization of the target lesion, which is one of the
main contributing factors of the primary outcome. Therefore, it is
possible that the differences in target lesion revascularization
might be derived from a nonclinically driven scheduled follow-up
angiography. Finally, new P2Y12 inhibitors, such as ticagrelor or
prasugrel, which have demonstrated superior outcomes compared
with clopidogrel in acute coronary syndrome, were not available in
this study due to the enrollment date of the study population. In
addition, most of the patients were treated with ﬁrst-generation
DES, which are not used currently. Although few data have
reported the efﬁcacy between ﬁrst- and second-generation DES in
bifurcation lesions, second-generation DES might reduce the risk of
adverse cardiac events due to reduced strut thickness and
improvement in polymer biocompatibility and drug elution.
Therefore, a larger study with second-generation DES is needed
to conﬁrm the results of the present study and to evaluate the
effect of second-generation DES for bifurcation lesions in STEMI
patients undergoing primary PCI.
CONCLUSIONS
In STEMI patients with bifurcation culprit lesions undergoing
primary PCI, the 2-stent strategy was associated with higher rates
of MACE, mainly driven by target lesion revascularization and ST,
compared with the 1-stent strategy, despite successful treatment
of the SB lesion. If possible, the 1-stent strategy should initially be
considered the preferred approach for the treatment of coronary
bifurcation culprit lesions in the setting of primary PCI for STEMI.
However, careful interpretation is needed because the present
study does not reﬂect current clinical practice and adverse events
might be affected by other confounding factors due to the
retrospective nature of the study
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WHAT IS KNOWN ABOUT THE TOPIC?
- Although the provisional 1-stent strategy is preferred as
a ﬁrst approach in bifurcation lesions, most studies have
been performed in patients with stable ischemic heart
disease.
- Limited data are available on the preferred treatment
strategy in STEMI patients with bifurcation lesions who
received primary PCI.
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WHAT DOES THIS STUDY ADD?
15.

- This study demonstrates that the rate of MACE was
signiﬁcantly higher in the 2-stent group than in the 1stent group, despite successful treatment of the SB.
These results were mainly caused by ST and target lesion
revascularization. However, most of enrolled participants received PCI with ﬁrst-generation DES, which is no
longer used.
- Therefore, a careful approach may be needed for
treatment decisions in bifurcation STEMI patients
requiring a 2-stent technique. In addition, a large
randomized controlled trial would be needed using
second-generation DES for conﬁrmation of this study.

16.
17.
18.

19.
20.
21.
22.

23.

REFERENCES
1. Myler RK, Shaw RE, Stertzer SH, et al. Lesion morphology and coronary angioplasty:
current experience and analysis. J Am Coll Cardiol. 1992;19:1641–1652.
2. Latib A, Colombo A. Bifurcation disease: what do we know, what should we do?
JACC Cardiovasc Interv. 2008;1:218–226.
3. Levine GN, Bates ER, Blankenship JC, et al. American College of Cardiology Foundation; American Heart Association Task Force on Practice Guidelines; Society for
Cardiovascular Angiography and Interventions. 2011 ACCF/AHA/SCAI Guideline for
Percutaneous Coronary Intervention. A report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines and
the Society for Cardiovascular Angiography and Interventions. J Am Coll Cardiol.
2011;58:e44–e122.
4. Steigen TK, Maeng M, Wiseth R, et al. Nordic PCI Study Group. Randomized study
on simple versus complex stenting of coronary artery bifurcation lesions: the
Nordic bifurcation study. Circulation. 2006;114:1955–1961.
5. Ferenc M, Gick M, Kienzle RP, et al. Randomized trial on routine vs. provisional Tstenting in the treatment of de novo coronary bifurcation lesions. Eur Heart J.
2008;29:2859–2867.
6. Colombo A, Bramucci E, Sacca S, et al. Randomized study of the crush technique
versus provisional side-branch stenting in true coronary bifurcations: the CACTUS
(Coronary Bifurcations: Application of the Crushing Technique Using SirolimusEluting Stents) Study. Circulation. 2009;119:71–78.
7. Hildick-Smith D, De Belder AJ, Cooter N, et al. Randomized trial of simple versus
complex drug-eluting stenting for bifurcation lesions: the British Bifurcation
Coronary Study: old, new, and evolving strategies. Circulation. 2010;121:1235–
1243.
8. Maeng M, Holm NR, Erglis A, et al. Nordic-Baltic Percutaneous Coronary Intervention Study Group. Long-term results after simple versus complex stenting of
coronary artery bifurcation lesions: Nordic Bifurcation Study 5-year follow-up
results. J Am Coll Cardiol. 2013;62:30–34.
9. Chen SL, Santoso T, Zhang JJ, et al. A randomized clinical study comparing double
kissing crush with provisional stenting for treatment of coronary bifurcation
lesions: results from the DKCRUSH-II (Double Kissing Crush versus Provisional

24.
25.

26.

27.

28.

29.

30.

31.

32.

819

Stenting Technique for Treatment of Coronary Bifurcation Lesions) trial. J Am Coll
Cardiol. 2011;57:914–920.
Salinas P, Mejı́a-Renterı́a H, Herrera-Nogueira R, et al. Bifurcation Culprit Lesions
in ST-segment Elevation Myocardial Infarction: Procedural Success and 5-year
Outcome Compared With Nonbifurcation Lesions. Rev Esp Cardiol. 2018;71:
801–810.
Frangos C, Noble S, Piazza N, et al. Impact of bifurcation lesions on angiographic
characteristics and procedural success in primary percutaneous coronary intervention for ST-segment elevation myocardial infarction. Arch Cardiovasc Dis.
2011;104:234–241.
Dudek D, Mehran R, Dziewierz A, et al. Impact of bifurcation target lesion on
angiographic, electrocardiographic, and clinical outcomes of patients undergoing
primary percutaneous coronary intervention (from the Harmonizing Outcomes
With Revascularization and Stents in Acute Myocardial Infarction [HORIZONSAMI] trial). EuroIntervention. 2013;9:817–823.
Kanei Y, Nakra NC, Liou M, Singh J, Fox JT, Kwan TW. The importance of
bifurcation lesions in patients undergoing percutaneous coronary interventions
in ST-segment elevation myocardial infarction. Cardiovasc Revasc Med. 2013;
14:81–83.
Abdel-Hakim DE, Garot P, Champagne S, et al. Impact of bifurcation lesions on
clinical outcome and prognosis of primary angioplasty in acute myocardial infarction. EuroIntervention. 2008;4:93–98.
Lansky AJ, Dangas G, Mehran R, et al. Quantitative angiographic methods for
appropriate end-point analysis, edge-effect evaluation, and prediction of recurrent
restenosis after coronary brachytherapy with gamma irradiation. J Am Coll Cardiol.
2002;39:274–280.
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