
Journal of the Society for Cardiovascular Angiography & Interventions 1 (2022) 100410
Contents lists available at ScienceDirect

Journal of the Society for Cardiovascular
Angiography & Interventions

journal homepage: www.jscai.org
Meta-analysis
Provisional or 2-Stent Technique for Bifurcation Lesions in the
Second-Generation Drug-Eluting Stent Era

Tomohiro Fujisaki, MD a,b,y, Toshiki Kuno, MD, PhD c,d,y, Yohei Numasawa, MD, PhD e,
Hisato Takagi, MD, PhD f, Alexandros Briasoulis, MD, PhD g, Tak Kwan, MD h, Azeem Latib, MD c,
Jacqueline Tamis-Holland, MD i, Sripal Bangalore, MD, MHA j,*

a Department of Medicine, Icahn School of Medicine at Mount Sinai, Mount Sinai Morningside and West, New York, New York; b Department of Cardiovascular Medicine,
Graduate School of Medical Sciences, Kumamoto University, Kumamoto, Japan; c Division of Cardiology, Montefiore Medical Center, Albert Einstein College of Medicine,
New York, New York; d Department of Medicine, Icahn School of Medicine at Mount Sinai, Mount Sinai Beth Israel, New York, New York; e Department of Cardiology,
Japanese Red Cross Ashikaga Hospital, Ashikaga, Japan; f Department of Cardiovascular Surgery, Shizuoka Medical Center, Shizuoka, Japan; g Division of Cardiology,
Section of Heart Failure and Transplant, University of Iowa Hospitals and Clinics, Iowa City, Iowa; h Department of Cardiology, Lenox Health Greenwich Village/Northwell
Health, New York, New York; i Department of Cardiology, Icahn School of Medicine at Mount Sinai, Mount Sinai Morningside, New York, New York; j Division of
Cardiovascular Medicine, New York University Grossman School of Medicine, New York, New York
A B S T R A C T

Background: For bifurcating coronary lesions, a provisional stent technique is recommended compared with a routine 2-stent strategy. However, much of these data
are from trials involving first-generation drug-eluting stents (DES) or bare-metal stents where the risk of restenosis with the 2-stent technique is higher. We inves-
tigated the efficacy of various 2-stent techniques versus a provisional stent technique for bifurcation lesions with newer-generation DES.

Methods: PubMed and Embase were searched through May 2022 for randomized control trials investigating bifurcation percutaneous coronary intervention tech-
niques using newer-generation DES, and a meta-analysis was conducted. The primary end point was major adverse cardiovascular events (MACE) at the longest
reported follow-up time.

Results: Our study identified 13 randomized control trials including 4041 patients. Compared with the provisional technique, 2-stent techniques significantly
decreased MACE (hazard ratio [HR], 0.76; 95% CI, 0.59-0.97; P ¼ .03), target vessel myocardial infarction (HR, 0.38; 95% CI, 0.20-0.71; P ¼ .002), and target vessel
revascularization (HR, 0.66; 95% CI, 0.47-0.93; P ¼ .02). There were no significant differences in all-cause mortality (HR, 0.94; 95% CI, 0.62-1.45; P ¼ .79), car-
diovascular mortality (HR, 0.82; 95% CI, 0.49-1.38; P ¼ .45), myocardial infarction (HR, 1.00; 95% CI, 0.73-1.37; P ¼ .99), and stent thrombosis (HR, 0.86; 95% CI,
0.52-1.44; P ¼ .58). Of the 2-stent techniques, the double kissing crush technique significantly decreased MACE and target lesion revascularization than other 2-stent
techniques.

Conclusions: In this era of newer-generation DES, a 2-stent approach, especially the double kissing crush technique, is superior to a provisional stenting technique for
a bifurcation lesion, with a significant reduction in MACE, target vessel myocardial infarction, and revascularization.
Introduction

Coronary bifurcations account for up to 20% of all percutaneous
coronary interventions (PCIs), and they consist of one of the most chal-
lenging subsets in terms of procedural success rate and long-term cardiac
events.1-5 A provisional side branch (SB) stenting strategy is recom-
mended as an initial standard approach for most bifurcation lesions, and
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the use of intentional 2-stent techniques is recommended under specific
circumstances.6,7 Despite these recommendations, conflicting data
remain regarding the optimal approach to bifurcation lesions.8-14 The
recommendations mentioned above are based on studies in which
first-generation drug-eluting stents (DES) or bare-metal stents were uti-
lized. These stents have a higher risk of restenosis than contemporary
DES, and a provisional stent approach makes intuitive sense. However,
MI, myocardial infarction; PCI, percutaneous coronary intervention; RCT, ran-
; TVMI, target vessel myocardial infarction; TVR, target vessel revascularization;

provisional.

une 2022
for Cardiovascular Angiography and Interventions Foundation. This is an open
/by-nc-nd/4.0/).

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:Sripal.Bangalore@nyulangone.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jscai.2022.100410&domain=pdf
www.sciencedirect.com/science/journal/27729303
http://www.jscai.org
https://doi.org/10.1016/j.jscai.2022.100410
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jscai.2022.100410


T. Fujisaki et al. Journal of the Society for Cardiovascular Angiography & Interventions 1 (2022) 100410
given the lower stent-related events with newer-generation DES, it is not
clear whether the above results apply to the contemporary practice of PCI
with newer-generation DES. Therefore, we sought to evaluate the
optimal bifurcation PCI techniques in the era of newer-generation DES.
Methods

This meta-analysis is reported following the Preferred Reporting
Items for Systematic Reviews and Meta-analyses statement standards.15

This study was registered in the PROSPERO database (registration
number: CRD42020211736).
Eligibility criteria

The eligibility criteria were the following: (1) the study was published
in a peer-reviewed journal, (2) the design was a randomized controlled
trial (RCT) or subgroup analyses of RCTs in patients undergoing PCIs for
bifurcation lesions, comparing bifurcation PCI techniques, (3) the studies
included patients who underwent PCIs with second-generation DES, and
(4) the study reported outcomes of interest (listed below).
Information sources and search

All studies investigating bifurcation PCI techniques were searched
using a 2-level search strategy. First, PubMed and Embase were searched
from inception through May 31, 2022, using web-based search engines
(PubMed and OVID). Search terms included random, coronary, bifurca-
tion, stenting OR percutaneous coronary intervention OR PCI, single stent OR
one stent OR 1 stent OR double stent OR two stent OR 2 stent OR simple
OR complex stentOR provisionalOR T stentingOR T and protrusionOR crush
OR DK-crush OR double-kissing crush OR mini-crush OR culotte OR reverse
culotte OR V stenting OR Y stenting. We did not apply any language
restrictions.
Study selection and data collection process

Relevant studies were identified through a manual search of sec-
ondary sources, including references of initially identified articles, re-
views, and commentaries. All references were downloaded for
consolidation, elimination of duplicates, and further analyses. Two in-
dependent and blinded authors (T.K.16 and T.F.) reviewed the search
results to select the studies based on inclusion and exclusion criteria.
When a consensus was not reached between the 2 authors, a third author
(H.T.) was consulted to reach a decision. Disagreements were resolved by
consensus.

We collected data according to the following PICOS: P (Population),
patients with bifurcations undergoing PCIs; I (Intervention), 2-stent
approach; C (Comparison), provisional approach or a different 2-stent
technique; O (Outcome), all-cause mortality, cardiovascular mortality,
myocardial infarction (MI), target vessel myocardial infarction (TVMI),
target lesion revascularization (TLR), target vessel revascularization
(TVR), and stent thrombosis (ST); and S (Study type), RCT.
Risk of bias assessment

Study quality was assessed using the Cochrane Collaboration risk of
bias 2.0 tool.17 Two investigators (T.K. and T.F.) reviewed the studies and
judged selection, comparability, and outcomes independently using the
Cochrane risk of bias tool.
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Outcomes

The primary end point was major adverse cardiovascular events
(MACE) defined in the individual trials. The secondary end points were
all-cause mortality, cardiovascular death, MI, TVMI, TVR, TLR, and ST.
Hazard ratio (HR) or risk ratio was obtained from each study.
Statistical analysis

The Review Manager (RevMan) version 5.4 (The Cochrane Collabo-
ration, 2020) was used to calculate the pooled HRs with 95% CIs. The
random-effects model was used regardless of the heterogeneity among
studies because it allows a more conservative assessment of the pooled
effect size. Significant heterogeneity was considered present when the I2

index was >50% or P for heterogeneity was <.05. Publication bias was
assessed using funnel plots.

As a sensitivity analysis, we performed the same analysis including
studies in which newer-generation DESwere used in>50% of patients. In
addition, we performed an additional sensitivity analysis, in which
studies were stratified by Double Kissing Crush (DKCRUSH) trials versus
non-DKCRUSH trials, to test subgroup differences. Moreover, an addi-
tional analysis stratified by left-main trials versus non–left-main trials
was performed to test subgroup differences.

Finally, we performed a network meta-analysis using the “netmeta”
3.6.2 package (R Foundation for Statistical Computing)18 for all outcomes
comparing each PCI technique. PCI techniqueswere classified into double
kissing (DK) crush, culotte, T-and-protrusion (TAP), and others. Other
2-stent PCI techniques such as the T stent technique or crush technique
were classified into the “others” group. If a specific PCI technique was
used in>50%of the patients, the groupwas classified into the specific PCI
technique group. Within the framework, I2 and Q statistics, which
represent the proportion of total variation in study estimates because of
heterogeneity, were used to quantify heterogeneity.19,20 The Q statistics
are the sum of a statistic for heterogeneity, and a statistic for inconsis-
tency, representing the variability of treatment effect between direct and
indirect comparisons at the meta-analytical level.21 The P-score metric
was used to rank the comparative hierarchy of efficacy and safety of the
treatments. The value of P-score ranges between 0 and 1. A higher value
means a higher likelihood that the therapy is more effective or safe.
Results

Our study included 13 RCTs (Figure 1) with a total of 4041 patients
from analyses of DKCRUSH-II,8 the study by Ruiz-Salmer�on et al,22 the
study by Ye et al,23 DKCRUSH-III,24 PERFECT,25 Nordic-Baltic Bifurcation
Study (NBBS) IV,26 European Bifurcation Coronary (EBC) TWO,27 Bifur-
cation Bad Krozingen II,28 the study by Zhang et al,29 DKCRUSH-V,9

DEFINITION II,10 SMART STRATEGY,30 and EBC MAIN.14 Eleven trials
compared the 2-stent technique with the provisional technique. One trial
compared the DK crush technique with the culotte technique. Another trial
compared the culotte technique with the TAP technique. In the 2-stent
group of the DEFINITION II trial, the DK crush technique was used in
77% of patients. In the 2-stent group of the EBC MAIN trial, the culotte
technique was used in 53% of patients. In the 2-stent group of SMART
STRATEGY, the proportion of each PCI technique was not reported. The
mean (�SD) weighted follow-up duration was 23.8 � 15.1 months. In a
sensitivity analysis that included studies in which newer-generation DES
were used in >50% of patients, we excluded the study by Ye et al,23 PER-
FECT, and NBBS IV, identifying 10 eligible RCTs including 3106 patients.
Baseline characteristics

The demographic characteristics of patients in each trial are sum-
marized in Table 1. The mean age ranged from 61 to 71 years, and the
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Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram of study selection. Thirteen randomized controlled trials
with 4041 patients were included in this meta-analysis.
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percentage of men ranged from 67% to 87%. Most patients underwent
PCIs for unstable or stable angina pectoris. The details of angiographic
findings, PCI techniques, and stents used are summarized in Table 2 and
Supplemental Table S1. Among 4041 patients included in this study,
bifurcation lesions were located in the left main artery in 1756 (43%)
patients, left anterior descending artery in 1839 (46%) patients, left
circumflex artery in 334 (8%) patients, and right coronary artery in 113
(3%) patients. The DKCRUSH-III, DKCRUSH-V, SMART STRATEGY II,
and EBCMAIN trials investigated PCI techniques for left main bifurcation
lesions only. True bifurcation lesions were present in 3954 (98%) pa-
tients. A 2-stent approach was used in 2392 (59%) patients. The final
kissing balloon technique was more commonly performed in the 2-stent
group. First-generation DES were used in a proportion of patients in 5
studies included in this analysis. For example, 50% of patients in the
NBBS IV study and 9% of patients in the Bifurcation Bad Krozingen II
study received Cypher stents. The percentage of Cypher stents used
among patients with sirolimus-eluting stents in the study by Ye et al23

and the PERFECT trial were not available. More than 80% of the patients
included in this analysis received newer-generation DES. In a sensitivity
analysis, the patients in the study by Ye et al,23 PERFECT, and NBBS IV
were removed, and>99% of patients received newer-generation DES. All
studies were generally considered of an intermediate bias risk
(Supplemental Figure S1).
Outcomes

In the direct comparison meta-analysis, 2-stent techniques signifi-
cantly decreased the primary end point (HR, 0.76; 95% CI, 0.59-0.97; P¼
.03), TVMI (HR, 0.38; 95% CI, 0.20-0.71; P ¼ .002), and TVR (HR, 0.66;
95% CI, 0.47-0.93; P ¼ .02) with numerically lower TLR (HR, 0.67; 95%
CI, 0.45-1.01; P ¼ .06) than a provisional technique (Figure 2). There
were no significant differences in all-cause mortality (HR, 0.94; 95% CI,
0.62-1.45; P ¼ .79), cardiovascular mortality (HR, 0.82; 95% CI, 0.49-
3

1.38; P ¼ .45), MI (HR, 1.00; 95% CI, 0.73-1.37; P ¼ .99), and ST (HR,
0.86; 95% CI, 0.52-1.44; P¼ .58) (Figure 2). The definitions of the MACE
used in each trial are listed in Supplemental Table S2. There was no
significant heterogeneity among studies. Funnel plots did not show a
significant publication bias for any of the outcomes assessed
(Supplemental Figure S2).

A sensitivity analysis that restricted studies to newer-generation DES
use in >50% of patients (>99% of patients received newer-generation
DES) showed largely similar results (Supplemental Figure S3). A sensi-
tivity analysis, in which studies were stratified by DKCRUSH trials versus
non-DKCRUSH trials, showed significant subgroup differences in MACE
(Supplemental Figure S4). A sensitivity analysis stratified by trials that
compared bifurcation PCI techniques only for the left main artery versus
other trials did not show significant subgroup differences for each end
point tested (Supplemental Figure S5).
Network meta-analysis

The 2-stent group in the DEFINITION II trial was classified into the DK
crush group given that 77.8% of patients received DK crush stenting. The
2-stent group in the EBCMAIN trial was classified into culotte as>50% of
patients received the culotte technique. The results from the network
meta-analysis are shown in Supplemental Figures S6-S12. The DK crush
technique significantly decreased MACE than the culotte technique (HR,
0.43; 95% CI, 0.32-0.59), other 2-stent techniques (HR, 0.53; 95% CI,
0.33-0.85), and the provisional approach (HR, 0.48; 95% CI, 0.37-0.63)
(Supplemental Figure S6). The DK crush technique significantly
decreased the TLR than the culotte technique (HR, 0.41; 95% CI, 0.22-
0.75), other 2-stent techniques (HR, 0.32; 95% CI, 0.12-0.81), and the
provisional technique (HR, 0.42; 95% CI, 0.26-0.67) (Supplemental
Figure S7). There was no significant heterogeneity and inconsistency for
these analyses for the primary end point and TLR. There were no sig-
nificant differences between any techniques for all-cause mortality,



Table 1. Basic characteristics of patients in each trial.

Reference (trial),
year

PCI
technique

Sample
size

Age (y),
mean � SD

Male (%) Smoking
(%)

DM (%) HTN (%) HLP (%) Previous
MI (%)

Previous
PCI (%)

STEMI
(%)

NSTEMI
(%)

Unstable
angina (%)

Stable
angina (%)

Chen et al
(DKCRUSH-
II),8 2011

DK 185 64 � 11 146 (79) 57 (31) 36 (20) 121 (65) 63 (34) 32 (17) 39 (21) 25 (14) 5 (3) 123 (67) 29 (16)
Pro 185 65 � 10 141 (76) 44 (24) 44 (24) 112 (61) 53 (29) 26 (14) 38 (21) 22 (12) 9 (5) 126 (68) 21 (11)

Ruiz et al,22

2013
Pro 33 64 � 13 28 (85) 20 (61) 15 (45) 22 (67) 17 (51) NA 7 (21) NA NA NA NA
T stent 36 64 � 13 28 (78) 18 (50) 12 (33) 26 (72) 23 (64) NA 9 (25) NA NA NA NA

Ye et al,23 2012 Pro 30 62 � 9 23 (77) NA 4 (13) 20 (67) 6 (20) 2 (7) NA 0 NA 19 (63.3) 11 (37)
DK 38 63 � 10 24 (63) NA 7 (18) 29 (76) 7 (18) 4 (11) NA 0 NA 27 (71.1) 11 (29)

Chen et al
(DKCRUSH-
III),24 2015

DK 208 64 � 10 162 (77) 58 (28) 67 (32) 148 (70) 87 (41) 32 (15) 47 (22) 0 0 165 (79) 21 (10)
Culotte 207 63 � 9 167 (80) 54 (26) 63 (30) 128 (61) 88 (42) 29 (14) 31 (15) 0 0 174 (83) 20 (10)

Kim et al
(PERFECT),25

2015

Crush 213 61 � 9 160 (75) 54 (25) 55 (26) 118 (55) 132 (62) 9 (4) 20 (9) NA NA 74 (35) 130 (61)
Pro 206 61 � 9 155 (75) 67 (32) 60 (29) 114 (55) 118 (57) 9 (4) 11 (5) NA NA 65 (32) 127 (62)

Kumsars et al
(NBBS IV),26

2015

Pro 220 64 � 12 NA 41 (19) 36 (16) 152 (70) 178 (82) NA 78 (35) 0 0 28 (13) 188 (87)
Culotte 228 63 � 11 NA 48 (21) 35 (15) 149 (66) 184 (81) NA 77 (33) 0 0 38 (17) 187 (82)

Hildick-Smith et
al (EBC
TWO),27 2016

Pro 103 63 � 11 87 (85) 58 (56) 26 (25) 65 (63) 72 (70) 40 (39) 41 (40) 32 (31) 71 (69)
Culotte 97 64 � 12 76 (78) 49 (50) 30 (31) 66 (68) 70 (70) 40 (41) 40 (41) 31 (32) 66 (68)

Ferenc et al (BBK
II),28 2016

Culotte 150 66 � 11 107 (71) 17 (11) 41 (27) 132 (88) NA 24 (16) 57 (38) 32 (21) 118 (78)
TAP 150 69 � 10 114 (76) 17 (11) 42 (28) 128 (85) NA 32 (21) 48 (32) 29 (19) 121 (81)

Zhang et al,29

2016
Pro 52 65 � 11 48 (92) 31 (60) 10 (19) 35 (67) 6 (11) 12 (23) 13 (25) 5 (10) 7 (13) 25 (48) 15 (29)
Culotte 52 64 � 7 43 (83) 27 (52) 11 (21) 33 (63) 6 (11) 10 (19) 12 (23) 3 (6) 1 (2) 28 (54) 20 (38)

Chen et al
(DKCRUSH-
V),9 2019

DK 240 64 � 10 188 (78) 78 (32) 62 (26) 156 (64) 115 (47) 51 (21) 43 (18) 31 (13) 168 (70) 34 (14)
Pro 242 65 � 9 199 (83) 82 (34) 69 (29) 175 (73) 114 (47) 52 (22) 33 (14) 26 (11) 180 (74) 26 (10)

Zhang et al
(DEFINITION
II),10 2020

Pro 325 64 � 10 250 (77) 98 (30) 116 (36) 230 (70) 223 (69) 42 (13) 54 (17) 73 (23) 164 (51) 71 (22)
2 stent 328 63 � 11 255 (78) 93 (28) 112 (34) 215 (66) 227 (69) 39 (12) 65 (20) 72 (22) 160 (49) 79 (24)

Kim et al
(SMART
STRATEGY
II),30 2020

Pro 23 66 � 9 15 (65) 6 (26) 10 (44) 18 (78) 11 (48) 1 (4) 5 (22) NA NA NA NA
2 stent 23 66 � 11 16 (70) 5 (22) 11 (48) 17 (74) 9 (39) 2 (9) 4 (17) NA NA NA NA

Hildick-Smith et
al (EBC
MAIN),14 2021

Pro 230 71 � 10 182 (79) 36 (16) 66 (29) 180 (79) 158 (70) 60 (28) 93 (41) 78 (33) 149 (66)
2 stent 237 71 � 10 177 (74) 30 (13) 62 (27) 190 (82) 166 (72) 66 (28) 99 (43) 93 (40) 139 (60)

DK, double kissing; DM, diabetes mellitus; HLP, hyperlipidemia; HTN, hypertension; MI, myocardial infarction; NA, not available; NSTEMI, non ST-elevation myocardial infarction; PCI, percutaneous coronary intervention;
Pro, provisional; ST, stent thrombosis; STEMI, ST-elevation myocardial infarction; TAP, T-and-protrusion.
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Table 2. Angiographic and procedural characteristics.

Reference (trial), year PCI technique Sample size LM (%) LAD (%) LCX (%) RCA (%) True bifurcation (%) SB (mm), mean � SD FKBI (%)

Chen et al (DKCRUSH-II),8 2011 DK 185 33 (18) 112 (61) 23 (12) 17 (9) 185 (100) 15.3 � 11.1 183 (100)
Pro 185 29 (16) 110 (60) 30 (16) 16 (9) 185 (100) 14.6 � 11.9 144 (79)

Ruiz et al,22 2013 Pro 33 0 24 (71) 9 (26) 1 (3) 27 (79) NA 14 (42)
T stent 36 0 26 (72) 6 (17) 4 (11) 33 (92) NA 23 (64)

Ye et al,23 2012 Pro 30 0 53 (78) 10 (15) 5 (7) 37 (100) 10.2 � 8.4 26 (87)
DK 38 38 (100) 16.9 � 8.2 38 (100)

Chen et al (DKCRUSH-III),24 2015 DK 208 210 (100) 0 0 0 210 (100) 16.5 � 11.1 209 (99)
Culotte 207 209 (100) 0 0 0 209 (100) 17.0 � 13.0 208 (99)

Kim et al (PERFECT),25 2015 Crush 213 0 200 (94) 10 (5) 3 (1) 194 (91) 10.3 � 8.2 204 (96)
Pro 206 0 190 (92) 15 (7) 1 (0) 169 (82) 8.3 � 7.3 163 (79)

Kumsars et al (NBBS IV),26 2015 Pro 220 6 (3) 161 (74) 36 (17) 14 (7) 218 (100) 6.4 � 4.1 79 (36)
Culotte 228 3 (1) 174 (77) 40 (18) 9 (4) 228 (100) 7.7 � 4.9 208 (91)

Hildick-Smith et al (EBC TWO),27 2016 Pro 103 0 80 (78) 16 (15) 6 (6) 103 (100) 9.7 (SD7.1) 97 (94)
Culotte 97 0 75 (77) 18 (19) 4 (4) 97 (100) 10.8 (SD7.3) 93 (96)

Ferenc et al (BBK II),28 2016 Culotte 150 28 (19) 82 (55) 36 (24) 4 (3) 147 (98) 13.8 � 6.6 NA
TAP 150 23 (15) 83 (55) 38 (25) 6 (4) 143 (95) 15.5 � 6.9 NA

Zhang et al,29 2016 Pro 52 16 (31) 33 (63) 3 (6) 0 52 (100) 12.8 � 4.9 43 (83)
Culotte 52 14 (27) 34 (65) 2 (4) 2 (4) 52 (100) 14.1 � 7.1 48 (92)

Chen et al (DKCRUSH-V),9 2019 DK 240 242 (100) 0 0 0 242 (100) NA 239 (99)
Pro 242 242 (100) 0 0 0 242 (100) NA 191 (79)

Zhang et al (DEFINITION II),10 2020 Pro 325 94 (29) 197 (61) 25 (8) 9 (3) 315 (97) 19.9 � 9.3 109 (34) patients underwent first kissing
balloon inflation after first stent

implantation. 73 (23) patients underwent 2 stent
technique, and 70 (22) underwent FKBI.

2 stent 328 94 (29) 205 (63) 17 (5) 12 (4) 325 (99) 20.7 � 10.1 287 (99)
Kim et al (SMART STRATEGY II),30 2020 Pro 23 23 (100) 0 0 0 23 (100) NA 16 (70)

2 stent 23 23 (100) 0 0 0 23 (100) NA 22 (96)
Hildick-Smith et al (EBC MAIN),14 2021 Pro 230 230 (100) 0 0 0 227 (99) 5.8 � 4.0 202 (89) patients underwent first

kissing balloon inflation after first stent implantation.
51 (22) patients underwent 2 stent
technique and underwent FKBI.

2 stent 237 237 (100) 0 0 0 237 (100) 7.9 � 5.7 217 (93)

FKBI, final kissing balloon inflation; LAD, left anterior descending artery; LCX, left circumflex artery; LM, left main; NA, not available; PCI, percutaneous coronary intervention; Pro, provisional; RCA, right coronary artery;
SB, side branch.
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Figure 2. Effect of bifurcation percutaneous coronary intervention techniques on each end point. Forest plot showing the risk of (A) major adverse cardio-
vascular events, (B) all-cause mortality, (C) cardiovascular death, (D) myocardial infarction, (E) target vessel myocardial infarction, (F) target lesion revascularization,
(G) target vessel revascularization, and (H) stent thrombosis. IV, inverse variance.
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cardiovascular death, and MI (Supplemental Figures S8-S10), and there
was no significant heterogeneity and inconsistency for these analyses.
There were no significant differences between any techniques for TVR
and ST (Supplemental Figures S11 and S12), but there was a significant
heterogeneity and inconsistency for these analyses. The P-score analyses
demonstrated that the DK crush technique was most likely the best
treatment for all end points (Central Illustration).
6

Discussion

The main findings of the present study can be summarized as follows:
(1) 2-stent techniques significantly decreased the primary end point, as
well as rates of TVMI and TVR than a provisional technique; (2) when
using a 2-stent strategy, the DK crush technique significantly decreased
the primary end point and TLR than other techniques; and (3) there were



Figure 2. (continued).
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no significant differences between any PCI techniques for hard end
points, including all-cause mortality, cardiovascular death, and ST.

Prior studies did not show superiority of 2-stent techniques over
provisional 1-stent techniques, and 2-stent techniques were associated
with prolonged procedure time, increased contrast use, and increased
radiation exposure.11,12,14 Currently, the provisional approach with the
philosophy of “keep it simple and safe” is the standard approach for most
noncomplex bifurcated lesions.6,7 In contrast, DKCRUSH trials showed
the superiority of 2-stent techniques over provisional stenting in complex
true bifurcation lesions,8,9 and most recent guidelines recommend
2-stent techniques only in patients with complex bifurcated lesions with
SB length of >5 mm, SB diameter of �2.75 mm, and difficulty accessing
the SB after main vessel stenting.6
7

There are a few prior meta-analyses that included several studies in
which first-generation DES were implanted in a significant proportion of
patients.31,32 For example, Ford et al31 demonstrated that a provisional
strategy is associated with a reduction of all-cause mortality compared
with 2-stent techniques at a mean follow-up period of 3.1 years. Di Gioia
et al32 reported that the DK crush technique is associated with fewer
MACE defined as a composite of cardiac death, MI, and TLR driven by
lower rates of repeat revascularization, and showed a clinical benefit of
2-stent techniques over provisional stenting in bifurcation with SB lesion
length of �10 mm at a median follow-up period of 12 months. The main
limitation of these studies was the difficulty applying the findings to
contemporary clinical practice with newer-generation stents. Our study
overcame the limitation of previous studies and showed improved
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outcomes of 2-stent techniques in the modern practice with
newer-generation DES.

The introduction of DES has been critical to the success of PCIs in the
prevention of restenosis.33 Furthermore, the use of newer-generation
DES, compared with first-generation DES, is associated with reduced
rates of restenosis and ST.34,35 Newer-generation DES have become the
most widely used DES worldwide, replacing bare-metal stents and
first-generation DES. The NBBS IV study demonstrated that
newer-generation stents decreased MACE, a composite of cardiac death,
MI, TLR, and definite ST, by 50% in the 2-stent technique group in
complex bifurcation lesions compared with first-generation stents.26

Similarly, a retrospective study showed that the use of second-generation
DES was associated with a significantly reduced risk of 5-year target
lesion failure than the use of first-generation DES among patients treated
with PCIs for bifurcation lesions.36 The improved features of
newer-generation DES, such as thinner strut, open-cell design, decreased
links, and conformability, might be associated with a safety gain in
expanding SB stents in 2-stent techniques. Furthermore, more biocom-
patible polymers, improved pharmacokinetics of eluting drugs, use of
intracoronary imaging, which allows precise stenting in complex bifur-
cation lesions,37 and more routine high-pressure postdilatation might be
associated with the improved safety of 2-stent techniques.

Recently, the DEFINITION II trial showed that the 2-stent approach was
associated with a significant improvement in TVMI and TLR, resulting in
fewer1-year target lesion failures comparedwith theprovisional approach.10

We demonstrated that a 2-stent technique is associated with a lower
risk of TVMI than provisional stenting with newer-generation DES. The
analysis included 2 trials9,10 in which the DK crush technique was used in
most patients; thus, the evidence is largely from trials incorporating pa-
tients treatedwith the DK crush technique. Lower rates of restenosis in the
SB in the DK crush group and a higher rate of the carina shifting, plaque
shifting, and SB recoiling in the provisional stenting group are proposed as
potential explanations for the DK crush technique being associated with
improved acute gain and late loss of SB fractional flow reserve compared
with provisional stenting.23 Other studies showed that the DK crush
technique increased the rate of satisfactory final kissing balloon inflation
than other techniques, and it was associated with less TLR and a
8

significantly higher SB fractional flow reserve after PCI,38,39 which might
explain the lower risk for TVMI in the 2-stent group in our study.

Our network meta-analysis demonstrated that the DK crush technique
might be one of the most effective techniques among the 2-stent tech-
niques. A study showed that the DK crush technique decreased the risk of
in-stent restenosis and ostial restenosis in the SB compared with the
culotte technique.24 Longer total stent length, increased area of over-
lapping stents, and suboptimal apposition of struts at the SB ostium in the
culotte technique might explain this difference.27,40 More detailed in-
formation such as stent configuration or strut gap after each bifurcation
PCI technique needs to be further investigated to better explain the
different outcomes of each 2-stent technique.

There are several limitations to our study. First, this is a meta-analysis
of trial-level data. Thus, we could not fully account for differences in trial
design, treatment regimens, and individual patient data. Second,
although most studies examined a bifurcation stent strategy using
second-generation DES, some studies included patients receiving a first-
generation DES. However, a sensitivity analysis in which >99% of pa-
tients received newer-generation DES showed concordant results with
the main analysis. Third, there were insufficient data of angiographic
findings, laboratory data, characteristics of the PCI culprit vessels, and
perioperative medications to further evaluate differences between PCI
techniques. Thus, the association between these unmeasured con-
founders cannot be assessed. Fourth, sensitivity analyses for acute coro-
nary syndrome or length of the side branch lesions were not assessed
because of a lack of enough studies to perform these analyses. Fifth, our
study included DKCRUSH studies conducted by the same group of re-
searchers, and those studies might need validation by other groups.
Finally, moderate heterogeneity was observed for MACE and TLRs in the
main analysis; however, we performed sensitivity network meta-analyses
with random-effects models, and heterogeneity was no longer observed.
Conclusion

In this era of newer-generation DES, a 2-stent approach, especially the
DK crush technique, is superior to a provisional stenting technique for
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bifurcation lesions, with a significant reduction in MACE, TVMI, and
revascularization. Our analysis afforded the unique opportunity to
comprehensively assess the outcomes of different bifurcation PCI tech-
niques in the modern era. Further RCTs are warranted to investigate new
approaches and technologies to improve outcomes for patients with
bifurcation lesions.
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