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Abstract

Aims: Lesion location might influence the efficacy of the bifurcation two-stent approach relative to the one-
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. . Methods and results: One-year outcomes after sirolimus-eluting stent (SES) implantation with the two-
* bifurcation

stent approach were compared to those with the one-stent approach in left main coronary artery (LMCA)
bifurcation (945 lesions) and in left anterior descending coronary artery (LAD) bifurcation (1271 lesions).
The two-stent approach was used more frequently in LMCA than in LAD. The target-lesion revascularisation
(TLR) rate in the two-stent group was significantly higher than that in the one-stent group in LMCA (24.2%
vs. 5.6%, p<0.0001), but not in LAD (9.0% vs. 5.4%, p=0.056). Adjusted odds ratio of two-stent versus one-
stent for TLR was 4.93 (3.01-8.08, p<0.0001) in LMCA and 1.15 (0.64-2.07, p=0.63) in LAD, respectively
(interaction p<0.0001). Angiographic restenosis rates in the main branch were significantly higher in the
two-stent group in both LMCA and LAD (11.0% vs. 4.9%, p=0.02; and 13.2% vs. 6.8%, p=0.02). Restenosis
rates in the side branch were significantly higher in the two-stent group in LMCA (35.3% vs. 14.5%,
p<0.0001), but not in LAD (15.1% vs. 22.6%, p=0.07).

Conclusions: Risk of TLR after bifurcation stenting in lesions that needed the two-stent approach was sig-
nificantly different between LMCA and LAD bifurcations.

*Corresponding author: Department of Cardiovascular Medicine, Kyoto University Graduate School of Medicine, 54 Shogoin
Kawahara-cho, Sakyo-ku, Kyoto, 606-8507, Japan. E-mail: taketaka@kuhp.kyoto-u.ac.jp
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Introduction

Coronary bifurcation lesions remain a challenge for percutaneous
coronary intervention (PCI) and the optimal stenting strategy has
not been established in the current drug-eluting stent (DES) era.
Several randomised controlled trials comparing complex stenting
strategy with provisional side branch stenting strategy mainly in
non-left main coronary artery bifurcation lesions consistently dem-
onstrated that there were no differences in both target-lesion revas-
cularisation (TLR) rate and angiographic restenosis rate between
the two strategies'. In contrast, observational studies mainly in left
main coronary artery (LMCA) bifurcation lesions have shown that
the bifurcation two-stent approach (stenting both main and side
branches), as compared with the one-stent approach (main branch
stenting alone), was associated with higher rates of TLR*?.

We hypothesised that the difference in lesion location may con-
tribute to this apparent discrepancy after the bifurcation two-stent
approach between randomised controlled trials and observational
studies. This post hoc subgroup analysis of the j-Cypher registry
was intended to compare outcomes of the two-stent approach rela-
tive to the one-stent approach in LMCA bifurcation lesions and in
left anterior descending coronary artery (LAD) bifurcation lesions.
The purpose of this analysis was to assess whether the lesion loca-
tion, especially left main bifurcation, might influence the incidence
of TLR and angiographic restenosis after bifurcation stenting.

Methods
STUDY DESIGN AND PATIENT POPULATION
The study design and patient enrolment for the j-Cypher registry
has been described in detail elsewhere®. From August 2004 to
November 2006, 12,824 patients were enrolled in the j-Cypher reg-
istry for the first time. Among those 12,824 patients, there were
3,410 patients (26.6%) with bifurcation lesions (3,716 lesions). We
identified the current study population of 945 patients (945 lesions)
in the LMCA stratum and 1,252 patients (1,271 lesions) in the LAD
stratum treated exclusively with SES (Figure 1). We compared
LMCA bifurcation with LAD bifurcation lesions because the LAD-
diagonal bifurcation lesions are the most commonly treated bifurca-
tion lesions in clinical practice. Ostial LAD and ostial left circumflex
coronary artery (LCX) lesions without significant LMCA stenosis
were included in the LMCA stratum.

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

DEFINITIONS

Bifurcation lesion was defined as involving a side branch >2.2 mm in
diameter. Selection of the bifurcation stenting strategies was left to the
discretion of the operators. Technical details of bifurcation stenting
were recorded in the case report forms during the index stent implanta-
tion procedures. The two-stent approach was defined as stenting both
main and side branches, while the one-stent approach was defined as
main branch stenting alone. When stenting of the side branch ostium
was performed before stenting of the main branch, the procedure was

Sirolimus-eluting stent for bifurcation lesions

Patients flowchart | 12,824 patients (19,664 lesions) enrolled in the j-Cypher registry|

L, [9414 patients with PCI for non-bifurcation lesions

3,410 patients (3,716 lesions) with PCI for bifurcation lesions |

819 patients with PCI for
other bifurcation lesions
(non-ostial LCx and RCA)

73 patie_nts tre_ated in both
1,403 patients (1,437 lesions) with LMCA bifurcation and LAD
PCI for non-ostial LAD bifurcation bifurcation

1,115 patients (1,115 lesions) with PCI
for distal LMCA disease including ostial
LAD and ostial LCx lesions

. 140 patients with non-SES treatment 110 patients with non-SES treatment for nonostial
Exclusion for LMCA bifurcation (non-stent, LAD bifurcation (non-stent, BMS or other type of DES)

BMS or other type of DES)
41 patients who did not achieve
complete 1-year follow-up

Study  [o45 patients (945 lesions) in the LG stratum] [ 1,252 patients (1271 esions) n the LAD stratun]

24 patients who did not achieve
complete 1-year follow-up

6 patients with missing information
on stent strategies

Figure 1. Patient flowchart. BMS: bare-metal stent; DES: drug-
eluting stent; LAD: left anterior descending coronary artery; LCX:
left circumflex coronary artery; LMCA: left main coronary artery;
PCI: percutaneous coronary intervention;, RCA: right coronary
artery; SES: sirolimus-eluting stent

regarded as an elective two-stent strategy. When stenting of the main
branch was performed first, the procedure was regarded as a provi-
sional side branch stenting strategy. Decision regarding the final kiss-
ing balloon dilatation was also left to the operators.

Myocardial infarction (MI) was adjudicated according to the def-
inition in the Arterial Revascularisation Therapy Study’. Within one
week of the index procedure, only Q-wave MI was adjudicated as
MI because protocol-specified measurements of periprocedural
myocardial biomarkers were not conducted. Stent thrombosis (ST)
was defined according to the Academic Research Consortium
(ARC) definition. ARC “definite ST” on a lesion-level basis was
used as the endpoint for ST®. TLR was defined as either PCI or cor-
onary artery bypass grafting (CABG) surgery 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. There was no
distinction of whether TLR was clinically- or angiographically-driven.

Coronary angiographic parameters were assessed in each partici-
pating centre either by visual assessment or by quantitative angio-
graphic measurement. Vessel diameter, minimal luminal diameter
and percent diameter stenosis were reported for both the main
branch and the side branch. Lesion length was assessed only for the
main branch. Angiographic binary restenosis was defined as per-

cent diameter stenosis >50%.

STATISTICAL ANALYSIS

Categorical variables are presented as counts and/or percentages
and were compared with the chi-square test. Continuous variables
were expressed as mean +SD unless otherwise indicated. Continu-
ous variables were compared with the t-test or Wilcoxon rank sum
test on the basis of their distributions. Analysis of variance was
used for comparisons for bifurcation types defined by the Medina
classification or for various two-stent techniques.
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One-year clinical outcomes were compared between the two-stent
approach and the one-stent approach in the LMCA stratum and in the
LAD stratum, respectively. The primary outcome measure for the
current analysis was TLR at one year after the index SES implanta-
tion procedures. TLR and ST were evaluated on a lesion-level basis.
All-cause death, cardiac death and MI were assessed on a patient-
level basis. We used a logistic regression model rather than the Cox
proportional hazard model to assess the risk for the primary outcome
measure (TLR), because the timing of TLR was known to be sensi-
tive to physicians’ judgement and, thus, the proportional assumption
was not justified’. Those patients with complete one-year follow-up
were included in the analysis. Censored cases who died within one
year without the occurrence of any endpoint event were excluded

from each analysis to make a definite cohort who had survived at

one-year or experienced an event until one year: 94 patients who died
within one year without the occurrence of TLR were excluded for the
analysis of TLR; 38 patients who died within one-year due to non-
cardiac causes were excluded from the analysis of cardiac death.
Adjusted odds ratios of the two-stent approach versus the one-stent
approach and corresponding 95% confidence intervals for the one-
year clinical events such as TLR, all-cause death, cardiac death and
cardiac death or MI, were estimated with logistic regression models
in each stratum. All variables in Table 1 and Table 2 were used as
candidates for risk factors, and we selected those with p<0.05 for
TLR in the lesion level analysis and for all-cause death in the patient
level analysis. In the lesion-level analysis, the model for TLR was
adjusted for diabetes, dialysis, hypertension, heart failure and stent
diameter <3.0 mm in the main branch. In the patient-level analysis,

Table 1. Baseline characteristics of patients treated for either LMCA or LAD hifurcation lesions: one-stent versus two-stent approach.

LMCA bifurcation LAD bifurcation LMCA vs. LAD
One-stent Two-stent One-stent Two-stent (One ’; tent) (Two-I; tent)

Patient-level n 741 204 1033 219
Age, years 70«10 70+10 0.8 68+10 67+12 0.38 <.0001 0.007
Age >75 years 34.8 38.7 0.32 26.6 29.7 0.36 0.0002 0.052
Male 75.8 73.0 0.41 75:8 81.7 0.04 0.82 0.036
Emergent procedure 15.8 16.7 0.74 15.3 14.2 0.76 0.79 0.50
Presence of shock 2.3 2.0 1.0 1.1 0.5 0.7 0.052 0.20
Acute coronary syndrome 29.3 24.0 0.16 25.3 23.7 0.67 0.065 1.0

STEMI 7.6 4.9 0.22 10.7 8.2 0.33 0.031 0.24

NSTEMI / unstable angina 21.7 19.1 0.44 14.6 585 0.75 0.0001 0.36
Hypertension 73.0 75.0 0.59 71.8 74.4 0.46 0.59 0.91
Current smoking 17.5 16.2 0.68 21.6 30.1 0.008 0.040 0.0008
Diabetes mellitus 41.6 46.6 0.2 36.2 38.8 0.48 0.02 0.12
Insulin use 10.9 12.3 0.62 7.8 10.5 0.22 0.030 0.65
eGFR(mL min-1-1.73mm™2) 57+23 55+24 0.20 61+22 60+21 0.74 0.0003 0.010
eGFR<30 11.5 14.7 0.23 4.5 7.8 0.89 0.004 0.030
Dialysis 5.4 10.3 0.02 3.7 4.1 0.7 0.10 0.014
Ejection fraction 57+14 55+13 0.17 58+13 59+14 0.48 0.030 0.0075
Heart failure 18.1 20.1 0.54 10.7 11.4 0.72 <.0001 0.016
EuroSCORE B-3k=3.5 BISECRS) 0.76 4.2+3.0 3.9+£3.0 0.17 <.0001 <.0001
EuroSCORE =6 42.0 38.7 0.42 28.4 24.2 0.24 <.0001 0.0016
N of treated vessel 1.56+0.7 1.6+0.8 0.004 1.4+0.6 1.5+0.6 0.048 0.004 0.028
Prior PCI 50.2 54.0 0.38 36.2 35.2 0.82 <.0001 0.0001
Prior CABG 13.9 7.8 0.02 1.9 0.5 0.15 <.0001 <.0001
Prior MI 29.0 27.0 0.6 22.4 21.9 0.93 0.002 0.26
History of stroke 10.8 12.3 0.53 8.3 6.9 0.58 0.83 0.068
Extra-cardiac arteriopathy 12.7 12.8 1.0 9.8 6.9 0.2 0.055 0.048
Triple vessel disease 13.0 24.0 0.0003 14.7 19.6 0.08 0.30 0.29
Total stent length 43+31 64+37 <.0001 44428 64+35 <.0001 0.36 0.98
Number of stents 2.0+1.3 2.9+1.5 <.0001 1.9+1.2 2.9+1.5 <.0001 0.37 0.70
Values are percentage or mean +SD. CABG: coronary artery bypass grafting; LAD: left anterior descending coronary artery; LMCA: left main coronary
artery; MI: myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction; NSTEMI: non-ST-
segment elevation myocardial infarction
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Table 2. Baseline lesion and procedure characteristics treated for either LMCA bifurcation or LAD bifurcation lesions.
LMCA bifurcation

One-stent

Two-stent

LAD bifurcation

One-stent

Two-stent

LMCA vs. LAD

(One-stent) | (Two-stent)

Lesion-level n 741 204 1,049 222
De novo lesion 71.9 73.8 0.72 79.5 81.0 0.65 0.0002 0.065
In-stent restenosis 13.6 14.7 0.73 11.4 7.2 0.07 0.17 0.018
Bifurcation types
True bifurcation lesion 27.2 81.7 <.0001 50.3 86.9 <.0001 <.0001 0.18
Medina classification <.0001 <.0001 <.0001 0.014

1.0.0 10.6 0.5 8.2 4.1

1.1.0 16.5 6.4 20.7 5.0

1.0.1 4.1 9.4 6.8 9.1

1.1.1 15.6 52.0 36.0 59.3

0.1.0 41.7 10.4 19.0 3.6

0.1.1 7.6 20.3 7.5 18.6

0.0.1 4.1 1.0 1.8 4.5
SB angulation >70 44.7 40.1 0.26 8.0 6.0 0.40 <.0001 <.0001
STEMI culprit lesion 4.9 2.5 0.21 5.9 2.7 0.46 0.35 1.0
Severe calcification 12.4 17.7 0.064 8.9 10.4 0.52 0.018 0.035
Chronic total occlusion 5.5 4.9 0.86 5.9 12.2 0.0021 0.76 0.0093
Pre-dilatation 78.2 86.7 0.0073 82.4 91.4 0.0006 0.029 0.12
IVUS use 68.2 62.8 0.15 49.6 49.8 1.00 <.0001 0.0083
Provisional approach 100 20.6 <.0001 100 23.4 <.0001 0.48
Two stent technique <.0001

T-stent 52.0 56.8

Stent crush 15.2 25.7

Culotte 20.6 14.9

Kissing 12.3 2.7
Number of stents (MB) 1.3+0.5 2.0£0.7 <.0001 1.3+0.5 2.0+0.7 <.0001 0.078 0.87
Total stent length (MB) 27+14 43+17 <.0001 30+14 45+17 <.0001 <.0001 0.29
Maximal stent diameter (MB) 3.2+0.3 3.2+0.3 0.55 3.0+0.3 3.0+£0.3 0.42 <.0001 <.0001
Minimal stent diameter (MB) 3.1:0.4 2.8+0.3 <.0001 2.9+0.3 2.5+0.2 <.0001 <.0001 <.0001
Maximal inflation pressure (atm) 19+3 19+3 0.36 18+3 18+3 0.008 <.0001 0.0010
Number of stents (SB) 1.0+0.2 1.1+0.3 0.39
Total stent length (SB) 21+6 22+7 0.28
Maximal stent diameter (SB) 2.9+0.4 2.6+0.2 <.0001
Minimal stent diameter (SB) 2.9+04 2.6+0.2 <.0001
Maximal inflation pressure (atm) 16+3 14+3 <.0001
Final KBT 355 93.1 <.0001 50.3 82.9 <.0001 0.034 0.0017

Values are percentage or mean +SD. IVUS: intravascular ultrasound; KBT: kissing balloon technique; LAD: left anterior descending coronary

artery; LMCA: left main coronary artery; MB: main branch; SB: side branch; STEMI: ST-segment elevation myocardial infarction

models for all-cause death, cardiac death, cardiac death or MI were
adjusted forheart failure, renal failure, emergent procedure, EuroSCORE>6,
age >75 years, male, acute coronary syndrome, shock state at the time of
the index procedures, triple vessel disease, extra-cardiac arteriopathy, his-
tory of stroke and insulin required diabetes mellitus.

We also constructed logistic-regression models with interaction
between the stent strategies and lesion location to assess whether

the effect sizes of the two-stent approach were different between
the LMCA and LAD strata.

Probability was considered to be significant at a level of <0.05.
All statistical tests were 2-tailed. Statistical analyses were con-
ducted by a physician (Mamoru Toyofuku) and a statistician
(Takeshi Morimoto) with the use of JMP 8.0.2 (SAS Institute Inc,
Cary, NC, USA) software and SAS 9.1 (SAS Institute Inc).
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Results

BASELINE CHARACTERISTICS

The two-stent approach and the one-stent approach were used in
204 patients (204 lesions) and 741 patients (741 lesions) in the
LMCA stratum, and in 219 patients (222 lesions) and 1,033 patients
(1,049 lesions) in the LAD stratum, respectively. The proportion of
patients with the two-stent approach was higher in the LMCA stra-
tum than in the LAD stratum (21.6% vs. 17.5%, p=0.02).

Baseline patient characteristics were generally similar between the
one-stent group and the two-stent group in both the LMCA stratum
and the LAD stratum (Table1). However, the two-stent group, as
compared with the one-stent group, had a greater number of vessels
treated. True bifurcation lesions and use of final kissing balloons
were more common and the number of stents used was greater in the
two-stent group than in the one-stent group (Table 2).

In the comparison between the LMCA stratum and the LAD stra-
tum, obtuse side branch angulation (side branch angulation >70
degree) was more prevalent in the LMCA stratum. In the lesions
treated with the one-stent strategy, the LMCA stratum included rel-
atively greater proportions of Medina 0,1,0 lesions (41.7% vs.
19.0%), and relatively less proportions of Medina 1,1,1 lesions
(15.6% vs. 36.0%) as compared with the LAD stratum.

Stent diameter in both the main branch and the side branch was
greater in the LMCA stratum.

CLINICAL OUTCOME

The two-stent approach was associated with a significantly higher
incidence of TLR than the one-stent approach in the LMCA stratum
(24.2% vs. 5.6%, p<0.0001), but not in the LAD stratum (9.0% vs.
5.4%, p=0.056) (Table 3 and Figure 2). After adjustment for con-
founders, the two-stent approach was associated with a signifi-
cantly higher risk of TLR in the LMCA stratum (odds ratio [OR]
4.93, 95% confidence interval [CI]: 3.01-8.08, p<0.0001), but not
in the LAD stratum (OR 1.15, 95% CI: 0.64-2.07, p=0.63) (Fig-
ure 3). There was significant interaction between the stent strate-
gies and lesion locations (p interaction <0.0001).

Although there were no differences in the adjusted risk of all-
cause death between the one-stent and the two-stent strategies in
both strata, the adjusted risk of cardiac death was also significantly
higher in the two-stent group as compared with the one-stent group
(OR 3.19, 95% CI: 1.31-7.76, p=0.011) in the LMCA stratum, but
not in the LAD stratum (OR 1.46, 95% CI: 0.55-3.82, p=0.45).
However, probability of interaction between the stent strategies and

lesion locations was not significant (interaction p=0.42) (Figure 3).

ANGIOGRAPHIC RESULTS

Among 1,651 lesions (74.5% of the whole cohort) with follow-up
angiogram within one-year after the index procedures, 1,449 lesions
were available for quantitative angiographic analysis. Median inter-
val between the index stent implantation procedure and the follow-
up angiographic evaluation was 240 (inter-quartile range: 186-270)
days. The angiographic restenosis rate in the main branch was sig-
nificantly higher in the two-stent group than in the one-stent group,
both in the LMCA stratum (11.0% vs.4.9%, p=0.02), and in the

% p<0.0001
30
24.2% One-stent
(46/190) M Two-stent
20—
p=0.056
9.0%
10 5.6% 549 (19/212)
(39/701) (55/1019)
0
LMCA LAD

Figure 2. Turget lesion revascularisation rates: two-stent vs.
one-stent approach in the LMCA and LAD strata. LAD: left anterior
descending coronary artery;, LMCA: lefi main coronary artery

Table 3. One-year clinical outcomes of two-stent approach versus one-stent approach in LMCA bifurcation and LAD bifurcation.

Lesion-level n 741 204 1,049 222
TLR (%) 39/701 (5.6) 46/190 (24.2) <.0001 55/1,019 (5.4) 19/212 (9.0) 0.056
Definite ST (%) 1/698 (0.1) 5/188 (2.7) 0.002 4/1,018 (0.4) 2/212 (0.9) 0.28
Early ST (1-30 days) 0 (0.0) 2(1.0) 0.046 3(0.3) 1 (0.5) 0.54
Late ST (31-365 days) 1(0.1) 3 (1.5) 0.03 1(0.1) 1 (0.5) 0.32
Patient-level n 741 204 1033 219
All-cause death (%) 43 (5.8) 18 (8.8) 0.15 31 (3.0) 10 (4.6) 0.23
Cardiac death (%) 22/720 (3.1) 14/200 (7.0) 0.021 21/1023 (2.1) 71216 (3.2) 0.31
M1 (%) 8/698 (1.2) 6/190 (3.2) 0.091 11/1004 (1.1) 3/209 (1.4) 0.72
Cardiac death or MI (%) 30/720 (4.2) 16/200 (8.0) 0.03 29 /1022 (2.8) 10/216 (4.6) 0.2
Values are number (percentage). LAD: left anterior descending coronary artery; LMCA: left main coronary artery; MI: myocardial infarction; ST: stent
thrombosis; TLR: target lesion revascularisation
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0Odds ratio OR 95% ClI p p
0.1 1.0 interaction
TLR
4.93 3.01-8.0 <.0001
_._
LMCA <.0001
LAD — teo—— 1.15 0.64-2.07 0.63
All-cause death
1.59 0.82-1.59 0.17
|l e
LMCA 0.99
| 1.54 0.70-1.54 0.28
LAD
Cardiac death
e 3.19 1.31-7.76 0.011
LMCA 0.42
R P — 1.46 0.55-3.82 0.45
LAD
Cardiac death or Ml
. e 2.39 1.11-5.15 0.027
LMCA 0.22
l 1.69 0.77-3.69 0.19
LAD

Two-stent better

One-stent better

Figure 3. Adjusted odds ratios of two-stent vs. one-stent approach for each endpoint in the LMCA and LAD strata. The p value for interaction
represents the likelihood of interaction between the lesion location of LMCA or LAD and the treatment effect of one-stent or two-stent. LAD:
left anterior descending coronary artery; LMCA: left main coronary artery; MI: myocardial infarction; TLR: target lesion revascularisation

LAD stratum (13.2% vs. 6.8%, p=0.02), respectively. The angio-
graphic restenosis rate in the side branch was significantly higher in
the two-stent group than in the one-stent group in the LMCA stra-
tum (35.3% vs. 14.5%, p<0.0001), but not in the LAD stratum
(15.1% vs. 22.6%, p = 0.07) (Table 4 and Figure 4).

Discussion

The main finding of this study is that the incidences of TLR and
angiographic restenosis after stenting of bifurcation lesions that
needed the two-stent approach were different according to the
lesion locations (i.e., LMCA bifurcation vs. LAD bifurcation). The
rate of TLR was significantly higher in the two-stent group than in
the one-stent group in the LMCA bifurcation, but not in the LAD
bifurcation. The difference in the rate of TLR could be explained by
the higher rate of restenosis in the side branch after use of the two-
stent approach in the LMCA bifurcation.

In the drug-eluting stent era, several randomised controlled tri-
als comparing complex approaches with simple approaches have
consistently demonstrated that there were no differences in both
TLR rate and angiographic restenosis rate between the two strate-
gies'?. Recent meta-analyses of randomised studies comparing
simple stenting strategy versus complex stenting strategy in coro-

A. Main branch B. Side branch

% % | p<0.0001

10 wod T . One-stent
35.3% B Two-stent
43/122)

p=0.07
30— 30
226%
(134/594)
N p=0.02 p=0.02 i
o — . TN 1o
6.8%
T (47/687) 10
(23/146)
0 0
LMCA LAD LMCA LAD

Figure 4. Angiographic binary restenosis in the main branch (A) and
in the side branch (B). LAD: left anterior descending coronary
artery; LMCA: left main coronary artery

nary bifurcation lesions have also showed that there were no sig-
nificant differences between the two different strategies with
respect to the rates of cardiac death, TLR, and angiographic reste-
nosis, although there was an increasing risk of MI and concern

monline

m
=
=
=
=
=
(1]
2
(1]
=
=
o
=
N
o
—
—
o
~
©
G
=]
o
H




m
=
=
=
=
-
(1]
=]
(1]
=
=
o
=
N
o
—
—
S
~
©
G
o]
o
H

Table 4. Angiographic analysis.
(A) Main branch

LMCA bifurcation

LAD bifurcation

One-stent Two-stent One-stent Two-stent
N 474 139 698 138
Baseline
Vessel diameter, mm 3.04+0.58 3.05+0.52 0.74 2.73+0.48 2.73+0.48 0.95
Diameter stenosis, % 74.6+16.5 69.6+17.1 0.002 76.4+15.4 74.0+17.3 0.1
MLD, mm 0.78+0.53 0.93+0.55 0.004 0.64+0.43 0.71+0.50 0.08
Lesion length, mm 18.1+13.0 16.9+13.5 0.33 21.0t£12.4 20.1+£12.2 0.44
Final
Vessel diameter, mm 3.33+0.50 3.37+0.62 0.4 2.92+0.43 2.94+0.41 0.58
Diameter stenosis, % 9.8+9.8 10.5+10.5 0.51 7.9+£11.0 10.9+10.6 0.004
MLD, mm 3.01+0.57 3.01+0.63 0.9 2.69+0.50 2.62+0.48 0.17
Follow-up
Vessel diameter, mm 3.15+0.53 3.38+0.68 0.18 2.91+0.44 3.00+0.41 0.04
Diameter stenosis, % 15.2+17.8 22.1+23.4 0.002 16.4+20.7 23.7+22.9 0.0002
MLD, mm 2.81+0.77 2.66+0.93 0.047 2.45+0.72 2.31+0.79 0.047
ABR (%) 4.9 11.0 0.02 6.8 13.2 0.02

(B) Side branch

LMCA bifurcation

LAD bifurcation

One-stent Two-stent One-stent Two-stent
Baseline
Vessel diameter, mm 2.78+0.56 2.77+0.54 0.95 2.24+0.39 2.30+0.40 0.07
Diameter stenosis, % 30.1+26.4 62.6+22.7 <.0001 47.6+29.6 67.4+24.1 <.0001
MLD, mm 1.99+0.88 1.06+0.73 <.0001 1.19+0.73 0.76+0.63 <.0001
Final
Vessel diameter, mm 2.82+0.59 2.95+0.45 0.02 2.24+0.40 2.53+0.30 <.0001
Diameter stenosis, % 25.6+21.3 11.7+£11.6 <.0001 37.5+27.1 12.8+13.5 <.0001
MLD, mm 2.13+0.77 2.61+0.54 <.0001 1.41+0.70 2.21+0.43 <.0001
Follow-up
Vessel diameter, mm 2.77+0.52 2.96+0.46 0.0004 2.23+0.41 2.49+0.43 <.0001
Diameter stenosis, % 25.8+23.7 37.1+28.8 <.0001 31.7+26.8 28.8+24.7 0.26
MLD, mm 2.07+0.74 1.86+0.90 0.01 1.53+0.68 1.78+£0.74 0.0002
ABR (%) 14.5 5.3 <.0001 22.6 15.1 0.07
Values are mean +SD or n (%). ABR=angiographic binary restenosis, LAD=left anterior descending coronary artery, LMCA=left main coronary artery, and
MLD=minimal lumen diameter.

about increasing ST in the complex strategy group'®!!. In the most
recently published large randomised trial of bifurcation stenting
strategies (BBC-ONE)'? using paclitaxel-eluting stents (PES)
for non-LMCA bifurcation lesions, the systematic two-stent
strategy as compared with the simple strategy resulted in a com-
parable rate of target-vessel revascularisation (TVR) and a
higher rate of MI.

Contrary to the results from randomised controlled trials in non-
LMCA bifurcations, observational studies mainly in LMCA bifur-
cation lesions have shown that the bifurcation two-stent approach,
as compared with the one-stent approach, was associated with
higher rates of TLR3%. In our previous study of unprotected LMCA
lesions from the j-Cypher registry, the three-year TLR rate was sig-
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nificantly higher in the two-stent group as compared with the one-
stent group (31% vs. 11%, p<0.0001)°.

One of the reasons for this apparent discrepancy between the ran-
domised controlled trials and the observational studies seems to be
related to a selection bias in the observational studies leading to
more complex lesions in the two-stent group. In the current analy-
sis, however, the efficacy of two-stent strategy versus one-stent
strategy was different between the LMCA and LAD bifurcations.
Therefore, the difference in lesion location might also partly explain
the discrepancy between the randomised controlled trials for non-
LMCA bifurcation lesions and observational studies dedicated to
the LMCA bifurcation lesions. There seem to be different anatomic
characteristics such as bifurcation angulation between the LMCA



and LAD bifurcations. In our study population, the proportion of
lesions with a wide bifurcation angle was significantly greater in
the LMCA stratum than in the LAD stratum. In a sub-analysis of the
SYNTAX trial studying the relations between LMCA bifurcation angle
and clinical outcomes using three-dimensional quantitative coronary
angiography, the event rates tended to be lower in patients with a nar-
rower diastolic distal bifurcation angle among patients with >2 stents in
the LMCA bifurcation (12 month major cardiac and cerebrovascular
events: 14.6% in the 1% tertile group, 18.4% in the 2™ tertile and 22.6%
in the 3" tertile group)®. These results might suggest that an obtuse
bifurcation angle had an adverse effect on the outcome of the side
branch stenting by creating acute bend of side branch.

Restenosis after the bifurcation two-stent approach in the
LMCA bifurcation most often involves the ostium of LCX?**. The
ostium of LCX was known to be subjected to vigorous motion
during cardiac cycles. Vigorous motion of the coronary artery
segment might provide some mechanical stimulation for neo-inti-
mal hyperplasia.

Study limitations

There are several limitations in the present study. First, this was an
observational study. Baseline differences of lesion characteristics
may bias the comparison between the one-stent and two-stent strate-
gies even after adjustment for confounders. Moreover, there were no
protocol specified strategies for bifurcation stenting, and selection
bias at operator level possibly influenced our results. Second, because
protocol specified measurement of myocardial biomarkers were not
conducted after the index procedures, we could not address the con-
cerns for increased incidence of periprocedural non-Q wave Ml in the
two-stent group. Third, TLR events in the present study included
both clinically-driven and angiographically-driven events. Routine
follow-up angiography was performed in most of the participating
centres. The clinical significance of angiographically-driven TLR of
jailed side branch remains unclear. From physiological assessment
using fractional flow reserve, angiographic restenosis in the ostial
side branch lesions after stenting is not always related to functional
myocardial ischaemia'®. Fourth, quantitative angiographic data were
not evaluated by an angiographic core laboratory, but were reported
by the site investigators. Mixing data derived either by visual estima-
tion or quantitative coronary angiography was a clear limitation of
this study. Finally, we might be more prone to perform TLR for reste-
nosis of ostial LCX than for restenosis of ostial diagonal branch,
because the former usually subtends a larger area of myocardium
than the latter. However, the different outcomes of the two-stent
approach between the LMCA and the LAD bifurcations would most
likely represent a true biological phenomenon, because angiographic
restenosis rates in the side branches after the two-stent approach were
markedly different between these two lesion locations.

Conclusion

In the LMCA bifurcations, the risk of TLR after stenting in bifurca-
tion lesions that needed the two-stent approach was significantly
higher than the risk in lesions that could be treated with the one-

Sirolimus-eluting stent for bifurcation lesions

stent approach, while the risk was comparable in the LAD bifurca-
tions. The risk of TLR after the bifurcation two-stent approach
seemed to be different according to lesion locations.
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