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Abstract

Aims: To explore optimal management strategies for bifurcation lesions with sirolimus-eluting stents (SES).
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Methods and results: Among 12,824 patients enrolled in the j-Cypher Registry, we identified 2,122
patients with 2,250 non-left main bifurcation lesions (average age: 69 years; diabetes: 39%; acute coronary
syndrome: 24%; lesion length >30 mm: 17%; true bifurcation: 53%) treated exclusively with SES. The
majority of lesions (1,978 lesions, 88%) were treated by provisional side branch stenting approach with a
4.5% crossover rate, while the elective two-stent approach (stenting both main and side branches) was
adopted in 272 lesions. The 3-year incidence of target-lesion revascularisation (TLR) was significantly higher
in the elective two-stent group than in the provisional group (18.5% vs. 9.8%, p<0.0001). The incidence of
definite stent thrombosis was not different between the two groups (1.3% vs. 0.61%, p=0.21). Among 1,871
lesions with main branch stenting alone, final kissing balloon dilatation (FKB) was performed in 938 lesions
(50%). The incidence of TLR was not different between the two groups with or without FKB (9.9% vs. 9.2%,
p=0.98).

Conclusions: The provisional approach provided a good long-term outcome in the majority of lesions with
low crossover rate to the two-stent approach. Lesions treated with FKB had similar TLR outcome to those
without FKB after main branch stenting alone.

*Corresponding author: Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto University,
54 Kawahara-cho, Shogoin, Sakyo-ku, Kyoto 606-8397, Japan. E-mail: taketaka@kuhp.kyoto-u.ac.jp

o
=
=
©
IS
N
D
S
—
m
fam
<
=
o1
=
O
(&)

© Europa Edition 2011. All rights reserved.

monline




Introduction

Although coronary bifurcation lesions are frequently encountered
in clinical practice, they remain a challenge for percutaneous coro-
nary intervention (PCI) and the optimal stenting strategy has not
been established in the current drug-eluting stent (DES) era. Sev-
eral randomised controlled trials and meta-analyses comparing
complex stenting strategy with provisional side branch stenting
strategy consistently demonstrated that there were no differences in
both the target lesion revascularisation (TLR) rate and the angio-
graphic restenosis rate between the two strategies, although the
incidence of myocardial infarction was higher after complex stent-
ing."” However, bifurcation lesions enrolled in these randomised
trials might not represent more complex bifurcation lesions encoun-
tered in the real world clinical practice. The rates of crossover from
provisional approach to complex approach varied widely among
studies.

In the current pre-specified sub-analysis of the j-Cypher registry,
we intend to compare the 3-year outcome of bifurcation stenting
with sirolimus-eluting stents (SES) between the provisional side
branch stenting approach and the elective two-stent approach
(stenting both main and side branches) in a large number of patients
in real world clinical practice. The effect of final kissing balloon
dilatation (FKB) on TLR was also assessed, mainly in patients who
underwent a bifurcation one-stent approach (main-branch stenting
alone).

Methods
STUDY DESIGN AND PATIENT POPULATION
The study design, patient enrolment and data management for the
j-Cypher registry has been previously described in detail.® In brief,
the j-Cypher registry is a physician-directed, prospective, multicen-
tre registry in Japan enrolling consecutive patients undergoing SES
implantation without any exclusion. criteria (Supplemental data
appendix A-C). Detailed information on bifurcation stenting strate-
gies was recorded in the case report forms during the index stent
implantation procedures. These included provisional or elective
side branch stenting approaches, guidewire protection of the side
branch before main branch stenting, rewiring in the side branch
after main branch stenting, FKB and final side branch stenting.

From August 2004 to November 2006, 12,824 patients (19,675
lesions) were enrolled in the j-Cypher registry. There were 3,410
patients (26.6%) with bifurcation lesions (3,716 lesions). There
were 1,143 patients (1,198 lesions) with distal left main coronary
artery (LMCA) bifurcation lesions, including ostial left anterior
descending coronary artery (LAD) and ostial left circumflex coro-
nary artery (LCX) lesions. Excluding lesions treated by modalities
other than SES and saphenous vein graft bifurcations, 2,122 patients
(2,250 lesions) with non-LMCA native coronary artery bifurcation
lesions treated exclusively with SES constituted the study popula-
tion for the current analysis (Figure 1).

We compared 3-year incidences of TLR and definite ST on a
lesion-level basis between a provisional side branch stenting

approach (provisional group: 1,978 lesions in 1,870 patients), and

Sirolimus-eluting stents in bifurcation lesions

’ j-Cypher registry: 19,675 lesions (12,824 patients) ‘
|

’ Bifurcation lesions: 3,716 lesions ‘

LMCA: 519 lesions

LAD ostium: 544 lesions
LCX ostium: 135 lesions
SVG: 2 lesions

’ Non-LMCA native bifurcation lesions: 2,516 lesions ‘

I— BMS or other DES: 266 lesions

Study population
2,250 bifurcation lesions

/ (2,122 patients) \

Provisional side branch )
Elective two-stent approach

stenting approach
8 app 272 lesions (12.1%)

1,978 lesions (87.9%) A
(263 patients)
1,889 lesions l 0 lesion 89 lesions l

272 lesions
(100%)

(1,870 patients)
(95.5%) (0%) (4.5%)

Two-stent
361 lesions (16.0%)
(351 patients)

One-stent
1,889 lesions (84.0%)
(1,793 patients)

Figure 1. Patients and lesion flow-chart. LAD: left anterior
descending coronary artery;, LCX: left circumflex coronary artery;
LMCA: left main coronary artery; SVG: saphenous vein graft

an elective two-stent approach (elective two-stent group: 272
lesions in 263 patients). Excluding 11 patients who had both types
of lesions with provisional and elective side-branch stenting, 2,111
patients constituted the analysis set for clinical events such as death,
cardiac death, MI and coronary artery bypass grafting (CABG) sur-
gery. Subgroup analyses were also carried out to evaluate the effect
of FKB on TLR outcome in lesions treated with main branch stent-
ing alone (one-stent group) and in lesions treated with final
two-stent.

The relevant review boards in all 37 participating centres
approved the study protocol. Written informed consent was
obtained from all patients enrolled.

DEFINITIONS

A “bifurcation lesion” was defined as that involving a side branch
of >2.2 mm in diameter. The sizes of the side branches were visu-
ally estimated by the site investigators. Bifurcations were stratified
according to the Medina classification.” Medina class was also vis-
ually adjudicated by the site investigators. Selection of the bifurca-
tion stenting strategies was left to the operator’s discretion.
Techniques of stenting were pre-specified and recorded in the case
report forms during the index stent implantation procedures. When
stenting of the side branch ostium was performed before stenting of
the main branch, the procedure was regarded as an elective two-
stent strategy. When stenting of the side-branch ostium was per-
formed after stenting of the main vessel, the procedure was regarded
as a provisional side branch stenting strategy. The two-stent strate-
gies were further classified into four patterns (T-stenting, Crush
stenting, Culotte stenting and Kissing stent). Decision regarding the
FKB was also left to the operators.
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Quantitative angiographic analysis (QCA) was performed and
reported by the site investigators (single vessel QCA [CMS, CAAS
11, Centricity Cardiology CA 100 V2, Toshiba Cardio Agent, and
CCIP-310/W1]: 1,564 lesions, and visual estimation: 680 lesions).

Definitions for the clinical events were previously described.®
Definite ST on a lesion-level basis was used as the endpoints for
ST. TLR was defined as either PCI or CABG due to restenosis or
thrombosis of the target lesion that included the proximal and distal
edge segments as well as the ostium of the side branches.

STATISTICAL METHODS

Continuous variables were expressed as mean value+standard devia-
tion unless otherwise stated, and were compared using the Student’s
t-test or Wilcoxon rank sum test based on distribution. Categorical
variables were compared using the chi-square test. Cumulative inci-
dences of adverse events were estimated by the Kaplan-Meier
method and the differences were compared using the log-rank test.

In an attempt to adjust for the differences in baseline clinical,
angiographic and procedural characteristics between the provi-
sional and elective two-stent group, a multivariable logistic regres-
sion model was constructed using TLR at three years as dependent
variable and 30 baseline and procedural factors listed in Table 1
including FKB as well as the treatment strategy of bifurcation
lesions (provisional or elective two-stent) as independent variables.
A multivariable logistic regression model instead of Cox propor-
tional hazard model was used, because the timing of TLR could be
highly influenced by physicians’ and patients’ decision. Actually,
proportional hazard assumption was not justified for TLR in the
current analysis. Eligible lesions for logistic regression analysis
included those lesions with TLR within three years (202 lesions)
relative to those lesions with complete follow-up and without TLR
at three years (674 lesions). Continuous variables were dichot-
omised by clinically meaningful reference values. We selected vari-
ables with p <0.05 in the univariate analyses together with the
treatment strategy of bifurcation lesions (provisional or elective
two-stent) and included them simultaneously in a multivariable
model. The effect of FKB on TLR was also evaluated among
lesions with final one-stent placement by a multivariable logistic
regression model including percent diameter stenosis of the ostium
of the side branch after main branch stenting as an additional inde-
pendent variable. Adjusted risk of elective two-stent approach and
FKB for TLR were expressed as odds ratios (OR) and their 95%
confidence intervals (CI).

The logistic regression model required exclusion of cases with-
out 3-year follow-up. This seriously reduced the available subject
pool and offered large opportunity for the introduction of biases due
to historical timing and drop out. Therefore, the Cox proportional
hazard model was also used as a sensitivity analysis.

Probability was considered significant at p<0.05. All statistical
tests were two-tailed. All statistical analyses were conducted by phy-
sicians (Toshihiro Tamura and Takeshi Kimura) and by an independ-
ent statistician (Takeshi Morimoto) with the use of JMP 7 (SAS
Institute Incorporated, Cary, NC, USA) and SAS 9.1 (SAS Institute).
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Results

BASELINE CHARACTERISTICS AND PROCEDURAL DATA
Among 2,250 lesions enrolled, the proportion of true bifurcation
lesions was 53% (Table 1). The majority of lesions (88%) were
treated by provisional side branch stenting approach. The crossover
from the provisional group to the elective two-stent group was seen
only in 4.5% (89 lesions). Finally, 1,889 lesions (84.0%) were
treated by one-stent approach and 361 lesions (16.0%) were treated
by two-stent approach (Figure 1). Baseline clinical characteristics
were generally similar between the provisional and elective two-
stent groups (Table 1A). In terms of lesion and procedural charac-
teristics, the proportions of LAD lesions were not different between
the two groups. The prevalences of true bifurcation, chronic total
occlusion, and use of FKB were significantly higher in the elective
two-stent group than in the provisional group. Reference diameter
and percent diameter stenosis before the procedure in the side-
branches were greater in the elective two-stent group than in the
provisional group (Table 1B). In the final two-stent group, the tech-
niques of two-stent placement included T-stenting (59%), crush
stenting (20%), culotte stenting (16%) and kissing stenting (4.7%).

CLINICAL OUTCOMES: THE PROVISIONAL APPROACH
VERSUS THE ELECTIVE APPROACH

The median follow-up was 826 days (interquartile range, 666-1,095
days). Cumulative incidence of TLR at three years was signifi-
cantly higher in the elective two-stent group than in the provisional
group (18.5% vs. 9.8%, p<0.0001) (Figure 2). The difference
remained significant after adjusting baseline and procedural
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0 365 730 1,095
Days after stent implantation

Interval (Days) 0 365 730 1,095
Elective
Cumulative incidence (%) 11.2 16.4 18.5
Number of events 29 40 42
Number of lesions at risk 272 227 154 6l
Number of patients at risk 263 218 147 57
Provisional
Cumulative incidence (%) 5.6 7.7 9.8
Number of events 106 142 160
Number of lesions at risk 1,978 1,754 1,325 613
Number of patients at risk 1,870 1,657 1,259 586

Figure 2. Cumulative incidence of TLR compared between the
elective two-stent group and the provisional side branch stenting
group. TLR: target lesion revascularisation
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Table 1. Baseline characteristics of patients and lesions: the provisional group versus elective two-stent group.

Provisional group

Elective two-stent

A. Patient characteristics All (n=2122) (n=1870) m
Age (years) 67.6+£10.7 67.7£10.5 67.3£11.4 0.68
Male 1,653 (78%) 1,453 (78%) 207 (79%) 0.71
Body mass index 23.9(21.9-26.1) 23.9 (21.9-26.0) 24.1 (21.9-26.4) 0.31
Hypertension 1,533 (72%) 1,340 (72%) 202 (77%) 0.08
Diabetes mellitus 820 (39%) 716 (38%) 107 (41%) 0.46

on insulin 193 (9.1%) 165 (8.8%) 28 (11%) 0.34
Current smoker 456 (21%) 393 (21%) 67 (25%) 0.11
eGFR<30,without haemodialysis 92 (4.3%) 80 (4.3%) 12 (4.6%) 0.83
Haemodialysis 87 (4.1%) 76 (4.1%) 11 (4.2%) 0.93
Acute coronary syndrome 499 (24%) 438 (23%) 61 (23%) 0.93

STEMI 197 (9.3%) 174 (9.3%) 23 (8.8%)

Non-STEMI 47 (2.2%) 40 (2.1%) 7 (2.7%)
Prior myocardial infarction 541 (25%) 471 (25%) 71 (27%) 0.53
Prior stroke 195 (9.2%) 177 (9.5%) 19 (7.2%) 0.22
Peripheral vascular disease 227 (11%) 203 (11%) 25 (9.5%) 0.50
Prior heart failure 177 (8.3%) 163 (8.7%) 16 (6.1%) 0.13
Multivessel disease 1,180 (56%) 1,031 (55%) 160 (61%) 0.08
Prior PCI 864 (41%) 756 (40%) 108 (41%) 0.81
Prior CABG 96 (4.5%) 88 (4.7%) 8(3.1%) 0.20
Emergency procedure 174 (8.2%) 161 (8.6%) 13 (4.9%) 0.03

Ejection fraction (%)

B. Lesion characteristics

60 (50-67)
All
(n=2250)

60 (50-67)

Provisional group
(n=1978)

60 (49-68)

Elective two-stent
group (n=272)

Lesion location 0.36

LAD 1,374 (61%) 1,198 (61%) 176 (65%)

LCX 524 (23%) 464 (24%) 60 (22%)

RCA 352 (16%) 316 (16%) 36 (13%)
True bifurcation 1,181 (53%) 955 (49%) 226 (83%) <0.0001
Medina classification <0.0001

1,1,1 832 (37%) 675 (34%) 157 (58%)

1,1,0 439 (20%) 422 (21%) 17 (6.3%)

1,0,1 143 (6.4%) 125 (6.3%) 18 (6.6%)

1,0,0 196 (8.7%) 185 (9.4%) 11 (4.0%)

0,1,1 206 (9.2%) 155 (7.8%) 51 (19%)

0,1,0 371 (16%) 358 (18%) 13 (4.8%)

0,0,1 63 (2.8%) 58 (2.9%) 5(1.8%)
Y-shaped bifurcation 1,980 (89%) 1,737 (89%) 243 (90%) 0.46
CTO 192 (8.5%) 150 (7.6%) 42 (15%) <0.0001
Severe calcification 172 (7.6%) 146 (7.4%) 26 (9.6%) 0.22
Lesion length >30 mm 375 (17%) 328 (17%) 47 (18%) 0.76
Reference diameter (mm)

Main branch 2.7 (2.42-3.0) 2.69 (2.42-3.0) 2.71 (2.4-3.0) 0.53

<2.5 mm 621 (28%) 550 (28%) 71 (26%) 0.55

Side branch 2.3(2.1-2.5) 2.28 (2.1-2.5) 2.5(2.2-2.57) <0.0001
% Diameter stenosis

Main branch 76 (65-90) 76 (65-90) 75 (62-90) 0.16

Side branch 50 (25-75) 50 (25-75) 73 (59-90) <0.0001
Use of IVUS 1,041 (46%) 909 (46%) 132 (49%) 0.41
Length of stents used, mm 28 (18-41) 23 (18-36) 41 (32-51) <0.0001
Minimal stent size, mm 2.5 (2.5-3.0) 3.0 (2.5-3.0) 2.5 (2.5-2.5) <0.0001
Final kissing balloon 1,254 (56%) 1,025 (52%) 229 (84%) <0.0001

CABG: coronary artery bypass grafting; CTO: chronic total occlusion; eGFR: estimated glomerular filtration rate; IVUS: intravascular ultrasound;
LAD: left anterior descending coronary artery; LCx: left circumflex coronary artery; PCl: percutaneous coronary intervention; RCA: right coronary artery;

STEMI: ST-segment elevation myocardial infarction
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characteristics by both logistic regression model and Cox propor-
tional hazard model (Supplemental Table 1, 2).

The cumulative incidence of ARC definite ST at 3-years was not
different between the elective two-stent group and the provisional
group (1.3% vs. 0.61%, p=0.21) (Figure 3). The incidences of other
clinical events such as death, cardiac death, MI, and CABG were
similar between the two groups (Table 2).

EFFECT OF FINAL KISSING BALLOON DILATATION ON TLR

Among 1,889 lesions with final one-stent placement, FKB was per-
formed in 938 lesions (50%). Among 933 lesions without FKB,
crossing of a guidewire or balloon was unsuccessful in 50 lesions
(5.4%), while FKB was not attempted in 883 lesions (95%). Data
on percent diameter stenosis of the ostium of the side branch was
reported in 1,871 lesions. Clinical characteristics were generally
similar between the two groups of patients with or without FKB
(Table 3A). With respect to lesion characteristics, the prevalence of

Table 2. Clinical event rates through 3-years.

Provisional Elective
All (N=2111) group two-stent

(N=1859) | group (N=252)
Death 131 (7.4%) 111 (7.2%) 20 (8.7%) 0.18
Cardiac death 65 (3.6%) 56 (3.6%) 9(3.8%) 0.57
Mi 45(2.9%) 39(2.9%) 6(2.6%) 0.67
CABG 28 (1.5%) 25 (1.6%) 3(1.3%) 0.87
CABG: coronary artery bypass grafting; MI: myocardial infarction

—— Elective two-stent group
+= =+ Provisional group

~
!

Log rank p=0.21

Incidence of definite ST (%)

0 365 730 1,095
Days after stent implantation

Interval (Days) 0 365 730 1,095
Elective
Cumulative incidence (%) 0.78 1.3 1.3
Number of events 2 3 3
Number of lesions at risk 272 253 179 69
Number of patients at risk 263 244 172 65
Provisional
Cumulative incidence (%) 0.41 0.41 0.61
Number of events 8 8 10
Number of lesions at risk 1,978 1,851 1,428 673
Number of patients at risk 1,870 1,752 1,354 642

Figure 3. Cumulative incidence of definite ST compared between the
elective two-stent group and the provisional side branch stenting
group. ST: stent thrombosis
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Y-shaped lesions and chronic total occlusion were significantly
higher in the FKB group. The prevalence of severe calcification
was significantly higher in the non-FKB group. Reference diameter
and percent diameter stenosis before the procedure in the side-
branches were not different between the two-groups (Table 3B).
The proportion of patients with percent diameter stenosis of the
ostium of the side branch >50% after stenting of the main branch
was significantly higher in the FKB group than in the non-FKB
group (60% vs. 53%, p=0.002) (Figure 4).

One-stent
1,889 lesions (84.0%)
(1,793 patients)

Unknown: 18 lesions

%DS$>50% %DS<50%

1,053 lesions (56.3%) 818 lesions (43.7%)

(1,016 patients) (785 patients)

/s /s

FKB (+) FKB (-) FKB (+) FKB (-)
562 lesions (53.4%)| [491 lesions (46.6%) 376 lesions (46.0%)|  [442 lesions (54.0%)
(549 patients) (480 patients) (361 patients) (431 patients)

Figure 4. Lesion flow-chart for final kissing balloon dilatation in
lesions treated with one-stent strategy DS diameter stenosis, FKB:

final kissing balloon dilatation; MB: main-branch, SB: side branch

The cumulative incidence of TLR at 3-years was similar between
the two groups with or without FKB (9.9% vs. 9.2%, p=0.98)
(Figure 5). The cumulative incidences of TLR at 3-years were also
similar between the two groups irrespective of percent diameter ste-
nosis of the ostium of the side branch >50% or <50% after stenting
of the main branch (Figure 6). The difference remained insignifi-
cant after adjusting baseline and procedural characteristics by both
logistic regression model and Cox proportional hazard model
(Supplemental Table 3, 4).

Discussion

There were three main findings in the present study. First, provi-
sional side branch stenting approach with SES could be applicable
in the majority of patients with bifurcation lesions in the real world
with low rate of crossover to two-stent approach and with low rate
of TLR. Second, we did not notice any safety concerns for the elec-
tive two-stent approach as compared with the provisional side
branch stenting approach in terms of death, MI and ST. Third,
among the final one-stent group, lesions treated with FKB had simi-
lar TLR outcome to those lesions without FKB.

Two relatively large randomised controlled trials comparing com-
plex strategy with simple strategy in bifurcation lesions consistently
demonstrated low rate of TLR in Nordic Bifurcation study (1.0% vs.
1.9% at 6 months, p=0.36) and low rate of target vessel failure in
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Table 3. Baseline characteristics of patients and lesions: the FKB group versus non-FKB group.

A. Patient characteristics

All (N=1775)

FKB group (N=904)

Non-FKB group
(N=903)

p value

Age (years) 67.7+10.4 67.5+10.6 67.9+10.3 0.21
Male 1372 (77%) 699 (77%) 698 (77%) 0.99
Body mass index 23.9 (21.9-26.1) 23.8 (21.7-26.0) 24.0 (22.1-26.1) 0.09
Hypertension 1272 (72%) 628 (69%) 668 (74%) 0.03
Diabetes mellitus 676 (38%) 330 (37%) 364 (40%) 0.10
on insulin 156 (8.8%) 79 (8.7%) 81 (9.0%) 0.86
Current smoker 363 (20%) 184 (20%) 187 (21%) 0.85
eGFR<30,without haemodialysis 76 (4.3%) 35 (3.9%) 42 (4.7%) 0.41
Haemodialysis 72 (4.1%) 35 (3.9%) 37 (4.1%) 0.81
Acute coronary syndrome 419 (24%) 206 (23%) 217 (24%) 0.53
Prior myocardial infarction 450 (25%) 219 (24%) 243 (27%) 0.19
Prior stroke 165 (9.3%) 71 (7.9%) 101 (11%) 0.02
Peripheral vascular disease 192 (11%) 93 (10%) 105 (12%) 0.36
Prior heart failure 157 (8.8%) 72 (8.0%) 89 (9.9%) 0.16
Multivessel disease 986 (56%) 496 (55%) 518 (57%) 0.28
Emergency procedure 155 (8.7%) 82 (9.1%) 74 (8.2%) 0.51
Ejection fraction (%) 60 (50-67) 61 (51-68) 59 (49-66) 0.007

B. Lesion characteristics All (N=1871) | FKB group (N=938) N°’Eﬁ§3§’)°“p
Lesion location 0.98

LAD 1133 (61%) 566 (60%) 567 (61%)

LCX 440 (24%) 221 (24%) 219 (24%)

RCA 298 (16%) 151 (16%) 147 (16%)
True bifurcation 875 (47%) 458 (49%) 417 (45%) 0.07
Medina classification 0.17

1,1,1 623 (33%) 336 (36%) 287 (31%)

1,1,0 407 (22%) 210 (22%) 197 (21%)

1,0,1 118 (6.3%) 57 (6.1%) 61 (6.5%)

1,0,0 178 (9.5%) 79 (8.4%) 99 (11%)

0,1,1 134 (7.2%) 65 (6.9%) 69 (7.4%)

0,1,0 353 (19%) 166 (18%) 187 (20%)

0,0,1 58 (3.1%) 25 (2.7%) 33 (3.5%)
Y-shaped bifurcation 1655 (89%) 876 (94%) 779 (84%) <0.0001
CTO 138 (7.4%) 84 (9.0%) 54 (5.8%) 0.009
Severe calcification 138 (7.4%) 53 (5.7%) 85 (9.1%) 0.004
Lesion length >30 mm 314 (17%) 170 (18%) 144 (16%) 0.14
Reference diameter (mm)

Main branch 2.7 (2.4-3.0) 2.7 (2.4-3.0) 2.7 (2.5-3.0) 0.18

<2.5 mm 519 (28%) 274 (29%) 245 (27%) 0.19

Side-branch 2.3 (2.1-2.5) 2.3 (2.1-2.5) 2.3 (2.1-2.5) 0.72
% Diameter stenosis

Main branch 76 (65-90) 75 (62-90) 78 (68-90) 0.007

Side branch 50 (25-74) 50 (25-72) 45 (23-75) 0.09
Use of IVUS 881 (47%) 418 (45%) 463 (50%) 0.02
Length of stents used, mm 23 (18-33) 23 (18-33) 23 (18-33) 0.012
Minimal stent size, mm 3.0 (2.5-3.0) 3.0 (2.5-3.0) 3.0 (2.5-3.0) 0.04

CABG: coronary artery bypass grafting; CTO: chronic total occlusion; eGFR: estimated glomerular filtration rate; FKB: final kissing balloon dilatation;
IVUS: intravascular ultrasound; LAD: left anterior descending coronary artery; LCX: left circumflex coronary artery; PCl: percutaneous coronary
intervention; RCA: right coronary artery; STEMI: ST-segment elevation myocardial infarction
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+==- FKB group
404
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8204
c
S
5 Log rank p=0.98
<104 T
0 T T 1
0 365 730 1,095
Days after stent implantation
Interval (Days) 0 365 730 1,095
Non-FKB
Cumulative incidence (%) 5.4 7.4 9.2
Number of events 48 63 71
Number of lesions at risk 933 816 606 281
Number of patients at risk 904 815 623 286
FKB
Cumulative incidence (%) 5.1 7.1 9.9
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Figure 5. Cumulative incidence of TLR compared between the FKB
group and the non-FKB group in lesions treated with a one-stent
strategy. FKB: final kissing balloon dilatation; TLR: target lesion
revascularisation
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Interval (Days) 0 365 730 1,095
Non-FKB
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Number of lesions at risk 491 426 312 144
Number of patients at risk 480 416 307 141
FKB
Cumulative incidence (%) 48 6.9 9.4
Number of events 26 36 42
Number of lesions at risk 562 507 389 181
Number of patients at risk 549 495 382 178

BBC-ONE study (7.2% vs. 5.6% at 9 months, p=0.43)."¢ The rates of
crossover from simple strategy to complex strategy were also very
low in both studies (4% and 3%, respectively). However, considering
the low rates of both TLR and crossover, it is likely that relatively
simple bifurcation lesions suitable for simple strategy were preferen-
tially enrolled in these trials. The CACTUS study, which compared
crush stenting with provisional side branch stenting only in true
bifurcation lesions, reported relatively high crossover rate (31%)
with equivalent rates of angiographic restenosis and clinical events.*
Therefore, it is currently unknown what proportion of bifurcation
lesions encountered in the real world clinical practice could be treated
safely and effectively with simple strategy. In the current study
encompassing a larger number of patients with complex clinical char-
acteristics, the provisional side branch stenting approach was adopted
in 88% of lesions with low rate of crossover (4.5%), suggesting that
the simple approach could be applicable in the majority of patients
with bifurcation lesions. However, we should be aware that the
threshold for crossover varies widely across operators, and we do not
currently know the optimal threshold for crossover because we have
no studies evaluating the impact of residual stenosis in the side
branch on clinical outcomes.

Despite observed higher rate of TLR in the two-stent group, we
should emphasise that lesions, which need treatment with two-
stents, are very different from lesions that need one stent. This

B. SB%DS after MB stenting <50%
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Interval (Days) 0 365 730 1,095
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Cumulative incidence (%) 47 6.7 8.4
Number of events 20 27 30
Number of lesions at risk 442 390 294 137
Number of patients at risk 431 379 287 133
FKB
Cumulative incidence (%) 615 75 10.7
Number of events 20 26 32
Number of lesions at risk 376 340 259 113
Number of patients at risk 361 325 245 109

Figure 6. Cumulative incidence of TLR compared between the FKB group and non-FKB group; (4) in lesions >50% SB%DS after MB
stenting, and (B) in lesions <50% SB%DS after MB stenting. DS: diameter stenosis; FKB: final kissing balloon dilatation; MB: main branch;

SB: side branch; TLR: target lesion revascularisation.
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registry was not constructed with the purpose of evaluating the
advantage of one-stent versus two-stent techniques. Considering
the very selective use of elective two-stent approaches in more
complex lesions, TLR rate of 18.5% at 3-year seemed to be accept-
able. It was also reassuring that there was no signal suggesting
safety concerns for the elective two-stent approach in non-LMCA
coronary bifurcations. Therefore, although the elective two-stent
approach as a routine strategy should be discouraged, it may be
necessary when dealing with large proximal side branches that can-
not be ignored.

The absence of FKB was reported to be a risk factor for TLR
after DES implantation with the crush stenting technique.!
Ormiston et al also suggested the need for FKB to ensure optimal
geometry of both stents and adequate scaffolding of both vessels by
the bench test.!! Therefore, FKB seems to be a better strategy in the
two-stent approach. Two randomised studies evaluated the efficacy
of FKB in the one-stent approach. In the THUEBIS study, there was
no significant difference in the rate of TLR between the mandatory
FKB group and the provisional side branch balloon dilatation group
after stenting of the main branch (17.9% vs. 14.8%, p=0.7)."* In the
Nordic Bifurcation III study, there was no difference in the inci-
dence of TLR between FKB group and non-FKB group in patients
with the one-stent approach (1.3% vs. 2.1%, p>0.05). (TransCatheter
Therapeutics, 2009, oral presentation) The current study confirmed
these previous observations. Even in lesions with a percent diame-
ter stenosis of side branches >50% after main-branch stenting,
lesions treated with FKB had similar TLR outcome to those lesions
without FKB. However, we should emphasise the fact that opera-
tors decided when to perform final kissing inflation. The current
study does not determine the value of FKB, while giving impor-
tance to the selective performance of this manoeuvre.

Study limitations

There are several limitations in the present study. First, it was a non-
randomised study. The choices for stenting strategies and for the use
of FKB were left to the operator’s discretion. The outcomes between
the elective group and the provisional group could still have been
biased, even after adjusting for known confounders. Importantly, we
did not evaluate lesion length of the side branch that might be an
important determinant of the outcome of bifurcation stenting. Sec-
ond, QCA was not performed by a core laboratory.

Conclusions

For SES placement in non-LMCA bifurcation lesions, the provi-
sional side branch stenting approach provided a good long-term
outcome in the vast majority of bifurcation lesions encountered in
daily practice, with a low rate of crossover to the two-stent
approach. Lesions treated with FKB had similar TLR outcome to
those lesions without FKB after main-branch stenting alone.
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Supplemental Tables

Supplemental Table 1. Unadjusted and adjusted comparison in the risk of TLR between elective and provisional strategies by the
multivariable logistic regression model.
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Variable Univariate Multivariable

Odds ratio 95% ClI P Odds ratio 95% ClI P
Elective group 2.64 1.71-4.04 <0.0001 1.99 1.23-3.18 0.005
Sex (male) 1.52 1.01-2.33 0.04 1.65 1.07-2.60 0.02
Diabetes mellitus 1.46 1.06-2.00 0.02 1.23 0.87-1.72 0.24
Haemodialysis 4.77 2.45-9.47 <0.0001 4.17 1.95-9.06 0.0003
Prior stroke 1.72 1.01-2.85 0.045 1.44 0.80-2.52 0.22
True bifurcation 1.59 1.16-2.20 0.004 1.51 1.07-2.15 0.02
Severe calcification 2.66 1.53-4.56 0.0006 2.06 1.10-3.78 0.02
Lesion length >30 mm 1.97 1.34-2.88 0.0006 1.68 1.11-2.52 0.01
Stent diameter <3 mm 2.37 1.70-3.33 <0.0001 2.00 1.39-2.89 0.0001
Cl: confidence interval; TLR: target lesion revascularisation

Supplemental Table 2. Unadjusted and adjusted comparison in the risk of TLR between elective and provisional strategies by the Cox
proportional hazard model.

Variable Univariate Multivariable

azardratio| 95l | p | Hesndrati| 95%C1 |
Elective group 2.05 1.22-2.85 0.0001 1.68 1.17-2.43 0.005
Sex (male) 1.44 1.01-2.13 0.04 1.36 0.92-2.02 0.13
Diabetes mellitus 1.46 1.11-1.93 0.007 1.25 0.93-1.67 0.14
Haemodialysis 3.43 2.12-5.26 <0.0001 2.84 1.69-4.77 <0.0001
PVD 1.52 1.00-2.21 0.048 1.21 0.79-1.84 0.38
True bifurcation 1.27 0.96-1.67 0.09 1.15 0.86-1.54 0.34
Chronic total occlusion 1.62 1.05-2.4 0.03 1.18 0.75-1.84 0.48
Severe calcification 1.94 1.24-2.88 0.005 1.51 0.95-2.4 0.08
Lesion length 230 mm 1.79 1.29-2.44 0.0006 1.49 1.06-2.09 0.02
Stent diameter <3 mm 2.08 1.565-2.83 <0.0001 1.83 1.33-2.53 0.0002
Cl: confidence interval; PVD: peripheral vascular disease; TLR: target lesion revascularisation

Supplemental Table 3. Unadjusted and adjusted comparison in the risk of TLR between the FKB and non-FKB groups by the multivariable
logistic regression model.

Variable Unadjusted Adjusted

Odds ratio 95% CI P Odds ratio 95% ClI P
FKB group 0.99 0.69-1.44 0.98 1.10 0.74-1.63 0.64
SB >50% DS 1.03 0.71-1.49 0.88 1.05 0.71-1.57 0.81
Sex (male) 2.12 1.28-3.71 0.003 2.02 1.17-3.65 0.01
Diabetes mellitus 1.75 1.21-2.53 0.003 1.51 1.01-2.25 0.04
Smoking 1.55 1.00-2.37 0.049 1.85 1.15-2.95 0.01
Haemodialysis 6.52 2.89-15.30 <0.0001 6.31 2.52-16.61 <0.0001
Prior stroke 2.15 1.21-3.72 0.01 1.58 0.82-2.96 0.17
Heart failure 1.88 1.00-3.38 0.049 1.84 0.92-3.53 0.08
Severe calcification 3.58 1.93-6.55 <0.0001 2.94 1.46-5.83 0.003
Lesion length >30 mm 1.79 1.14-2.75 0.01 1.90 1.17-3.05 0.01
Stent diameter <3 mm 1.67 1.15-2.41 0.008 2.19 1.45-3.31 0.0002
Cl: confidence interval; TLR: target lesion revascularisation; SB: side branch; %DS: % diameter stenosis; FKB: final kissing balloon
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g
Supplemental Table 4. Unadjusted and adjusted comparison in the risk of TLR between the FKB and Non-FKB groups hy the Cox =
proportional hazard model. g
Variable Unadjusted Adjusted g.
Hazard ratio 95% ClI P Hazard ratio 95% ClI o) §
FKB group 1.00 0.72-1.39 0.98 1.0 0.72-1.41 0.98 -
SB >50% DS 1.05 0.76-1.47 0.77 1.03 0.72-1.48 0.85
Sex (male) 2.07 1.3-3.51 0.002 1.92 1.15-3.22 0.01
Diabetes mellitus 1.68 1.21-2.32 0.002 1.43 1.02-2.01 0.04
Haemodialysis 8.5 2.02-5.92 <0.0001 2.96 1.65-5.31 0.0003
Prior stroke 1.72 1.05-2.67 0.03 1.48 0.9-2.43 0.13
Chronic total occlusion 1.95 1.17-3.08 0.01 1.4 0.83-2.36 0.21
Severe calcification 2.44 1.5-3.79 0.0007 2.13 1.3-2.49 0.003
Lesion length >30 mm 1.68 1.14-2.43 0.01 1.31 0.88-1.96 0.19
Stent diameter <3 mm 1.89 1.36-2.66 0.0001 1.91 1.34-2.73 0.0004
Cl: confidence interval; TLR: target-lesion revascularisation; SB: side branch, %DS: % diameter stenosis; FKB: final kissing balloon
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