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ABSTRACT

Background

Historically, percutaneous coronary intervention (PCI) of bifurcation lesions was as-
sociated with worse procedural and clinical outcomes when compared with PCI of 
non-bifurcation lesions. Newer generation drug-eluting stents (DES) might improve 
long-term clinical outcomes after bifurcation PCI.

Methods and Results

The LEADERS trial was a 10-center, assessor-blind, non-inferiority, all-comers trial, 
randomizing 1,707 patients to treatment with a biolimus A9TM-eluting stent (BES) with 
an abluminal biodegradable polymer or a sirolimus-eluting stent (SES) with a durable 
polymer (ClinicalTrials.gov Identifier: NCT00389220). Five-year clinical outcomes were 
compared between patients with and without bifurcation lesions and between BES and 
SES in the bifurcation lesion subgroup. There were 497 (29%) patients with at least 1 
bifurcation lesion (BES=258; SES=239). At 5-year follow-up, the composite endpoint of 
cardiac death, myocardial infarction (MI) and clinically indicated (CI) target vessel re-
vascularization (TVR) was observed more frequently in the bifurcation group (26.6% vs. 
22.4%, P=0.049). Within the bifurcation lesion subgroup, no differences were observed 
in (cardiac) death or MI rates between BES and SES. However, CI target lesion revas-
cularization (TLR) (10.1% vs. 15.9%, P=0.0495), and CI TVR (12.0% vs. 19.2%, P=0.023) 
rates were significantly lower in the BES group. Definite/probable stent thrombosis (ST) 
rate was numerically lower in the BES group (3.1% vs. 5.9%, P=0.15). Very late (>1 year) 
definite/probable ST rates trended to be lower with BES (0.4% vs. 3.1%, P=0.057).

Conclusions

In the treatment of bifurcation lesions, use of BES led to superior long-term efficacy 
compared with SES. Safety outcomes were comparable between BES and SES, with an 
observed trend toward a lower rate of very late definite/probable ST between 1 and 5 
years with the BES.
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INTRODUCTION

Bifurcation lesions account for 20%–30% of all percutaneous coronary interventions 
(PCI)  1. Although historically bifurcation lesions have been associated with poorer 
clinical outcomes when compared with non-bifurcation lesions  2, recent reports have 
suggested clinical outcomes to be similar due to advancements in drug-eluting stent 
(DES) design 3. The Biomatrix FlexTM biolimus-eluting stent (BES) (Biosensors Europe SA, 
Morges, Switzerland) elutes biolimus A9TM from a polylactic acid (PLA) biodegradable 
polymer applied to the stent’s abluminal surface, which is fully metabolized to water 
and carbon dioxide in 6–9 months. Complete resorption of the polymer might decrease 
the inflammatory reaction improving longterm clinical outcomes. Indeed, the 5 years 
results from the LEADERS (Limus Eluted from A Durable versus ERodable Stent coating) 
randomized all-comers trial did show a safety benefit with the biodegradable polymer 
BES compared with the Cypher® SelectTM sirolimus-eluting stent (SES) with a durable 
polymer (Cordis Corp., Warren, NJ), which was related to a significant reduction in very 
late (>1 year follow-up) stent thrombosis (ST) and associated composite clinical out-
comes (ClinicalTrials.gov Identifier: NCT00389220) 4.

A previous sub-study on bifurcations in the LEADERS trial demonstrated a benefit with 
BES with regard to target vessel revascularization (TVR) and target lesion revascular-
ization (TLR), while the rate of myocardial infarction (MI) was higher in BES 5. Notably, 
this study was limited to a follow-up duration of 1 year. It is still unknown whether the 
potential benefit of BES over SES with regard to polymer degradation will result in favor-
able long-term results in bifurcation lesions. We, therefore, compared the 5- year clinical 
safety and efficacy outcomes of patients with at least one bifurcation lesion who were 
treated with either a biodegradable polymer-coated BES or a durable polymer-coated 
SES. Furthermore, we explored the differences in clinical outcomes between patients 
with at least one bifurcation versus patients without any bifurcation lesion.

METHODS

LEADERS All-Comers Trial Design

The design and main results of the LEADERS all-comers trial have been published 
previously  4,6. In short, it was a prospective, multicenter, randomized, assessor-blind, 
non-inferiority trial including 1,707 patients with ischemic heart disease at 10 European 
sites. The trial had an “all-comers” design with minimal exclusion criteria. Patients were 
randomized in a 1:1 fashion to either the Biomatrix FlexTM BES or the Cypher® SelectTM 
SES using an interactive voice response system. The primary endpoint was major ad-
verse cardiac events (MACE), defined as the composite of cardiac death, MI (Q-wave and 
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non–Qwave), or clinically indicated (CI) TVR within 9 months. Secondary endpoints were 
the individual components of MACE, any TVR, CI TLR, any TLR, and ST according to the 
definitions of the Academic Research Consortium. In the current analysis, we present the 
5-year event rates of the above mentioned endpoints.

Study Population

To include an “all-comers” population, only a limited number of in- and exclusion crite-
ria were applied in the LEADERS trial. Patients had to be more than 18 years old, with 
symptomatic coronary artery disease (including chronic stable angina, silent ischemia, 
and acute coronary syndrome [ACS]), with the presence of one or more coronary artery 
stenosis greater than 50% in a native coronary artery or a saphenous bypass graft (ref-
erence vessel diameter ranging from 2.25 to 3.5 mm). Exclusion criteria were limited, 
including: pregnancy; known intolerance to aspirin, clopidogrel, heparin, stainless steel, 
sirolimus, biolimus, or contrast material; an inability to provide informed consent; patient 
participation in another trial before reaching the primary endpoint; or planned surgery 
within 6 months of PCI unless dual antiplatelet therapy was maintained throughout the 
peri-surgical period.

In this analysis, patients with bifurcation lesions were identified in two different ways: 
(1) from the electronic case record form, and (2) from the core laboratory angiographic 
analysis which identified and classified all bifurcation lesions according to the SYNTAX 
bifurcation score. Using both sources, 497 patients (258 BES, 239 SES) were identified, 
and the angiograms were reviewed by two investigators (SG and JJW), who were blinded 
to outcomes and stent type, to confirm the presence of a bifurcation lesion with greater 
than 50% diameters stenosis on visual estimate in either the main branch (MB) and/or 
side branch (SB) of more than 1.5 mm. Operating techniques were up to the operator’s 
discretion and previously published 5.

Statistical Analysis

Clinical outcomes were compared between the following groups:
1. Patients treated for at least one bifurcation lesion versus patients not treated for any 

bifurcation lesion;
2. Patients treated for at least one bifurcation who have been randomized to BES versus 

patients treated for at least one bifurcation who have been randomized to SES.
3. Patients treated for at least one bifurcation lesion using BES versus patients treated 

for nonbifurcation lesions using BES.

Continuous variables were expressed as mean ±standard deviation; categorical data as 
frequency (percentages). Continuous data were compared using the Student’s t-test, 
whilst chi-squared test were used for categorical data. Cumulative event rates were 
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estimated using Kaplan–Meier estimates and compared with logrank test. P-values less 
than 0.05 were considered statistical significant.

RESULTS

From the 1,707 patients included in the LEADERS trial, 497 patients had at least one 
bifurcation lesion (information on bifurcation lesions was missing in 3 patients). From 
those 497 patients, 239 (48.1%) were treated with a SES, and 258 (51.9%) with a BES 
(Figure 1).

All patients: 1707

Missing information 
on bifurcations: 3

Patients available for 
analysis: 1704

At least 1 bifurcation:
 497

No bifurcation lesions:
 1207

Randomized to SES:
 239

Randomized to BES:
 258

Figure 1. Flowchart of the current study. BES: biolimus-eluting stent; SES: sirolimus-eluting stent.

Baseline Characteristics

Baseline clinical and angiographic characteristics are outlined in Table 1. There were 
some differences between patients with at least one bifurcation and patients without 
any bifurcation. Patients with bifurcation lesions had a lower weight and body mass in-
dex, were less frequently current smokers, and had a higher rate of previous MI. Patients 
with bifurcation lesions presented less often with ST-segment elevation MI and more 
often with instable angina. Patients with bifurcation lesions had a higher SYNTAX score 
(16.9 ±8.6 vs. 11.9 ±8.4, P< 0.0001), and more lesions per patient (1.8 ±0.8 vs. 1.3 ±0.6, P< 
0.0001). Among the patients with at least one bifurcation, there were no differences in 
baselines clinical and angiographic characteristics between patients treated with SES or 
BES, except that patients treated with BES more often had silent ischemia as their clinical 
presentation (14.7% vs. 7.1%, P=0.007).
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Table 1. baseline variables

Patients 
without 

bifurcation 
lesions

(n=1207)

Patients with 
bifurcation 

lesions
(n=497)

P-value SES in 
patients 

with 
bifurcation 

lesions
(n=239)

BES in 
patients 

with 
bifurcation 

lesions
(n=258)

P-value

Variables, n(%), unless otherwise stated

Patient demographics

Age, years 64.6±10.8 64.7±10.6 0.75 64.2±11.0 65.1±10.3 0.38

Male 914 (75.7%) 361 (72.6%) 0.18 178 (74.5%) 183 (70.9%) 0.38

Body measurements

Height, cm 171.1±8.4 170.3±8.8 0.12 171.0±8.7 169.6±8.8 0.11

Weight, kg 81.2±14.4 79.2±14.2 0.0040 80.2±15.1 78.2±13.3 0.22

Body mass index, kg/m2 27.7±4.3 27.2±4.1 0.042 27.3±4.2 27.2±4.0 0.69

Risk factors

Diabetes mellitus 306 (25.4%) 108 (21.7%) 0.11 44 (18.4%) 64 (24.8%) 0.084

Diabetes requiring insulin 115 (37.6%) 43 (39.8%) 0.68 17 (38.6%) 26 (40.6%) 0.84

Hypertension 886 (73.4%) 362 (72.8%) 0.81 175 (73.2%) 187 (72.5%) 0.85

Hypercholesterolemia 802 (66.4%) 338 (68%) 0.53 168 (70.3%) 170 (65.9%) 0.29

Current smoker 318 (26.3%) 102 (20.5%) 0.011 57 (23.8%) 45 (17.4%) 0.077

Family history of CAD 513 (42.5%) 200 (40.2%) 0.39 102 (42.7%) 98 (38%) 0.29

Past medical cardiovascular history

Previous MI 368 (30.5%) 185 (37.2%) 0.0070 93 (38.9%) 92 (35.7%) 0.45

Previous PCI 433 (35.9%) 191 (38.4%) 0.32 93 (38.9%) 98 (38%) 0.83

Previous CABG 150 (12.4%) 47 (9.5%) 0.081 28 (11.7%) 19 (7.4%) 0.098

Angiographic characteristics

Nr of lesions per patient 1.3±0.6 1.8±0.8 <0.0001 1.7±0.9 1.8±0.8 0.55

SYNTAX Score 11.9±8.4 
(N=1010)

16.9±8.6 
(N=402)

<0.0001 16.8±8.9 
(N=190)

16.9±8.3 
(N=212)

0.58

Clinical presentation

ACS 675 (55.9%) 268 (53.9%) 0.45 133 (55.6%) 135 (52.3%) 0.46

STEMI 214 (31.7%) 61 (22.8%) 0.0064 32 (24.1%) 29 (21.5%) 0.61

NSTEMI 213 (31.6%) 85 (31.7%) 0.96 49 (36.8%) 36 (26.7%) 0.074

Unstable angina 248 (36.7%) 122 (45.5%) 0.013 52 (39.1%) 70 (51.9%) 0.036

Stable angina 413 (34.2%) 174 (35%) 0.75 89 (37.2%) 85 (32.9%) 0.32

Silent ischemia 119 (9.9%) 55 (11.1%) 0.45 17 (7.1%) 38 (14.7%) 0.007

ACS = acute coronary syndrome; BES = biolimus A9 eluting stent; CABG = coronary artery bypass grafting; 
CAD = coronary artery disease; MI = myocardial infarction; (N)STEMI = (non) ST-segment elevation myocar-
dial infarction; PCI = percutaneous coronary intervention; SES = sirolimus-eluting stent.
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Clinical Outcomes: Patients With Versus Patients Without Bifurcation Lesions

Clinical outcomes at 5 years follow-up are shown in Table 2 and Figure 2. Patients with at 
least one bifurcation lesion trended to have higher rates of MI (11.9% vs. 8.9%, P=0.057), 
CI-TLR (12.9% vs. 9.9%, P= 0.076), and CI-TVR (15.5% vs. 12.5%, P=0.099) compared with 
patients without any bifurcation lesion. Statistical significant differences were observed 
in the device-oriented composite endpoint (DOCE) of cardiac death, MI, or CI-TLR (24.5% 
in patients with a bifurcation vs. 20.3% in patients without bifurcations, P=0.040) and in 
the MACE composite of cardiac death, MI, or CI-TVR (26.6% in patients with a bifurcation 
vs. 22.4% in patients without bifurcations, P=0.049).

Table 2. clinical outcomes at 5 years follow-up

Patients 
without 

bifurcation 
lesions

(n=1207)

Patients with 
bifurcation 

lesions
(n=497)

P-value SES in 
patients with 

bifurcation 
lesions
(n=239)

BES in 
patients with 

bifurcation 
lesions
(n=258)

P-value

Non-hierarchical outcomes (5-year)

Death 152 (12.6%) 64 (12.9%) 0.94 29 (12.1%) 35 (13.6%) 0.65

Cardiac death 93 (7.7%) 42 (8.5%) 0.66 18 (7.5%) 24 (9.3%) 0.49

MI 107 (8.9%) 59 (11.9%) 0.057 26 (10.9%) 33 (12.8%) 0.49

Q-wave MI 13 (1.1%) 11 (2.2%) 0.079 7 (2.9%) 4 (1.6%) 0.31

Non-Q-wave MI 96 (8%) 50 (10.1%) 0.16 21 (8.8%) 29 (11.2%) 0.35

All TLR 147 (12.2%) 74 (14.9%) 0.12 45 (18.8%) 29 (11.2%) 0.017

Percutaneous 25 (2.1%) 12 (2.4%) 0.67 8 (3.3%) 4 (1.6%) 0.21

Surgical 130 (10.8%) 69 (13.9%) 0.065 43 (18%) 26 (10.1%) 0.011

Clinically indicated TLR 120 (9.9%) 64 (12.9%) 0.076 38 (15.9%) 26 (10.1%) 0.0495

Percutaneous 17 (1.4%) 9 (1.8%) 0.55 5 (2.1%) 4 (1.6%) 0.67

Surgical 109 (9%) 59 (11.9%) 0.074 36 (15.1%) 23 (8.9%) 0.034

All TVR 188 (15.6%) 92 (18.5%) 0.13 54 (22.6%) 38 (14.7%) 0.021

Percutaneous 35 (2.9%) 17 (3.4%) 0.59 10 (4.2%) 7 (2.7%) 0.39

Surgical 163 (13.5%) 85 (17.1%) 0.055 52 (21.8%) 33 (12.8%) 0.0074

Clinically indicated TVR 151 (12.5%) 77 (15.5%) 0.099 46 (19.2%) 31 (12%) 0.023

Percutaneous 25 (2.1%) 13 (2.6%) 0.51 8 (3.3%) 5 (1.9%) 0.34

Surgical 134 (11.1%) 73 (14.7%) 0.040 45 (18.8%) 28 (10.9%) 0.011

Any revascularization 321 (26.6%) 126 (25.4%) 0.65 70 (29.3%) 56 (21.7%) 0.042

Percutaneous 297 (24.6%) 119 (23.9%) 0.81 68 (28.5%) 51 (19.8%) 0.020

Surgical 39 (3.2%) 17 (3.4%) 0.86 10 (4.2%) 7 (2.7%) 0.39

Composite of death and MI 231 (19.1%) 108 (21.7%) 0.21 50 (20.9%) 58 (22.5%) 0.64

Composite of cardiac death 
and MI

177 (14.7%) 90 (18.1%) 0.076 40 (16.7%) 50 (19.4%) 0.44

Composite of cardiac death, MI, 
CI-TLR (DOCE)

245 (20.3%) 122 (24.5%) 0.040 62 (25.9%) 60 (23.3%) 0.51
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Table 2. (continued)

Patients 
without 

bifurcation 
lesions

(n=1207)

Patients with 
bifurcation 

lesions
(n=497)

P-value SES in 
patients with 

bifurcation 
lesions
(n=239)

BES in 
patients with 

bifurcation 
lesions
(n=258)

P-value

Composite of death, MI, any 
revascularization (POCE)

452 (37.4%) 184 (37%) 0.99 97 (40.6%) 87 (33.7%) 0.12

Composite of cardiac death, MI, 
CI-TVR (MACE)

270 (22.4%) 132 (26.6%) 0.049 70 (29.3%) 62 (24%) 0.20

Stent thrombosis (definite/
probable)

53 (4.4%) 22 (4.4%) 0.98 14 (5.9%) 8 (3.1%) 0.15

Definite 41 (3.4%) 17 (3.4%) 0.99 11 (4.6%) 6 (2.3%) 0.18

Possible 13 (1.1%) 5 (1%) 0.89 3 (1.3%) 2 (0.8%) 0.59

CI: clinically indicated, DOCE: device-oriented composite endpoint, MACE: major adverse cardiovascular 
event, MI: Myocardial infarction, POCE: patient-oriented composite endpoint, TLR: target lesion revascular-
ization, TVR: target vessel revascularization.
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Figure 2. Cumulative event rates (Kaplan–Meier estimates) of patients with at least one bifurcation and 
patients without any bifurcation. MACE: major adverse cardiac events. MI: myocardial infarction; TVR: target 
vessel revascularization; ST: stent thrombosis; POCE: patient-oriented composite endpoint
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Clinical Outcomes: BES Versus SES in Patients with At Least One Bifurcation 
Lesion

Among those patients treated for at least one bifurcation, there were no differences 
between BES and SES with regard to the 5-year rate of death, cardiac death, or MI (Table 
2 and Figure 3). However, there were statistical significant differences in favor of BES 
with regard to any TLR (BES 11.2% vs. SES 18.8%, P= 0.017), CI-TLR (BES 10.1% vs. SES 
15.9%, P= 0.0495), any TVR (BES 14.7% vs. SES 22.6%, P=0.021), CI-TVR (BES 12.0% vs. SES 
19.2%, P=0.023), and any revascularization (BES 21.7% vs. SES 29.3%, P=0.042). This did 
not result in significant differences in the composite endpoints, although the patient-
oriented composite endpoint (POCE) of cardiac death, MI, and any revascularization was 
numerically lower with BES (33.7%) compared with SES (40.6%, P=0.12). Six definite ST 
cases were observed in the BES group (2.3%) and 11 in the SES group (4.6%, P= 0.18). The 
composite of definite or probable ST was observed in 8 patients treated with BES (3.1%) 
and 14 patients treated with SES (5.9%, P=0.15).
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Figure 3. Cumulative event rates (Kaplan–Meier estimates) of patients with at least one bifurcation treated 
with sirolimus-eluting stents (SES) and biolimus-eluting stents (BES). MACE: major adverse cardiac events; 
MI: myocardial infarction; TVR: target vessel revascularization; ST: stent thrombosis; POCE: patient-oriented 
composite endpoint.



34

Chapter 2

Clinical Outcomes Between 1 and 5 Years (Landmark Analysis)

Clinical outcomes occurring beyond 1 year are shown in Table 3. Although no statistical 
significant differences were observed between the two stent types beyond 1 year, there 
was a numerically higher rate of Q-wave MI in the SES group (2.2% in SES group vs. 0.4% 
in BES group, P=0.12). Five cases of very late (i.e., >1 year) definite ST were observed in 
the SES group (2.2%) and 1 in the BES group (0.4%, P=0.12). Seven very late probable/
definite ST cases were observed in the SES group (3.1%) and only 1 in the BES group 
(0.4%), a difference which almost reached statistical significance (P=0.057) (Figure 4).
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Figure 4. Landmark analysis from 1 to 5 years. The upper panel shows the cumulative event rates (Ka-
plan–Meier estimates) beyond 1 year of patients with at least one bifurcation versus patients without any 
bifurcation. The lower panel shows the cumulative event rates (Kaplan–Meier estimates) beyond 1 year of 
patients with at least one bifurcation treated with sirolimus-eluting stents (SES) versus patients with at least 
one bfirucation treated with biolimus-eluting stents (BES). ST: stent thrombosis.
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Table 3. clinical outcomes: landmark analysis from 1 to 5 years follow-up

Patients 
without 

bifurcation 
lesions

(n=1207)

Patients 
with 

bifurcation 
lesions
(n=497)

P-value SES in 
patients with 

bifurcation 
lesions
(n=239)

BES in 
patients with 

bifurcation 
lesions
(n=258)

P-value

Non-hierarchical outcomes (from 1- to 5-year)

Death 113 (9.8%) 48 (10%) 0.93 22 (9.5%) 26 (10.5%) 0.74

Cardiac death 66 (5.7%) 28 (5.9%) 0.95 11 (4.8%) 17 (6.9%) 0.35

MI 54 (4.9%) 23 (5.1%) 0.83 13 (5.9%) 10 (4.4%) 0.44

Q-wave MI 7 (0.6%) 6 (1.3%) 0.19 5 (2.2%) 1 (0.4%) 0.12

Non-Q-wave MI 48 (4.3%) 19 (4.2%) 0.92 10 (4.5%) 9 (3.9%) 0.73

All TLR 69 (6.4%) 33 (7.5%) 0.42 16 (7.8%) 17 (7.2%) 0.78

Percutaneous 59 (5.4%) 29 (6.6%) 0.38 15 (7.3%) 14 (5.9%) 0.53

Surgical 14 (1.2%) 7 (1.5%) 0.70 4 (1.8%) 3 (1.2%) 0.63

Clinically justified TLR 59 (5.3%) 32 (7.1%) 0.18 15 (7.1%) 17 (7.1%) 0.97

Percutaneous 52 (4.7%) 28 (6.2%) 0.23 14 (6.6%) 14 (5.8%) 0.70

Surgical 10 (0.9%) 6 (1.3%) 0.48 3 (1.3%) 3 (1.2%) 0.94

All TVR 87 (8.2%) 42 (9.7%) 0.33 20 (10.1%) 22 (9.4%) 0.82

Percutaneous 74 (6.9%) 39 (8.9%) 0.17 20 (10.1%) 19 (8.1%) 0.48

Surgical 19 (1.7%) 9 (1.9%) 0.75 5 (2.2%) 4 (1.6%) 0.67

Clinically justified TVR 79 (7.2%) 39 (8.8%) 0.30 19 (9.2%) 20 (8.4%) 0.74

Percutaneous 68 (6.2%) 36 (8.1%) 0.18 19 (9.2%) 17 (7.1%) 0.41

Surgical 16 (1.4%) 9 (1.9%) 0.47 5 (2.2%) 4 (1.6%) 0.67

Any revascularization 135 (13.7%) 52 (12.7%) 0.63 24 (12.8%) 28 (12.7%) 0.94

Percutaneous 123 (12.4%) 49 (11.9%) 0.80 24 (12.7%) 25 (11.2%) 0.62

Surgical 21 (1.8%) 9 (1.9%) 0.94 5 (2.2%) 4 (1.6%) 0.67

Composite of death and MI 150 (13.5%) 60 (13.4%) 0.95 31 (14.2%) 29 (12.7%) 0.62

Composite of cardiac death 
and MI

107 (9.6%) 43 (9.6%) 0.98 21 (9.6%) 22 (9.6%) 0.95

Composite of cardiac death, MI, 
CI-TLR (DOCE)

135 (12.5%) 55 (12.9%) 0.83 27 (13.3%) 28 (12.5%) 0.78

Composite of death, MI, any 
revascularization (POCE)

215 (22.4%) 81 (20.7%) 0.50 41 (22.5%) 40 (19%) 0.42

Composite of cardiac death, MI, 
CI-TVR (MACE)

149 (14%) 60 (14.2%) 0.88 31 (15.6%) 29 (13%) 0.43

Stent thrombosis (definite/
probable)

25 (2.2%) 8 (1.7%) 0.52 7 (3.1%) 1 (0.4%) 0.057

Definite 18 (1.6%) 6 (1.3%) 0.64 5 (2.2%) 1 (0.4%) 0.12

Probable 7 (0.6%) 2 (0.4%) 0.64 2 (0.9%) 0 (0%) -

CI: clinically indicated, DOCE: device-oriented composite endpoint, MACE: major adverse cardiovascular 
event, MI: Myocardial infarction, POCE: patient-oriented composite endpoint, TLR: target lesion revascular-
ization, TVR: target vessel revascularization.
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Clinical Outcomes: Bifurcation Versus Non-Bifurcation Lesions in Patients 
Treated with BES

Table 4 shows the clinical outcomes of patients treated for a bifurcation lesion using BES 
versus patients treated for a non-bifurcation lesion using BES. In the BES group, there 
were no differences between bifurcation lesions versus non-bifurcation lesions with 
regard to (cardiac) death, CI-TLR, CI-TVR and definite/probable ST. However, bifurcation 
lesions treated with BES were associated with a higher risk of peri-procedural MI (7.4% 
vs. 2.5%, P=0.0015), whilst there were no differences in rates of spontaneous MI (5.4% 
vs. 5.7%, P=0.88).

Table 4. Clinical outcomes of bifurcation lesions vs non-bifurcation lesions in patients treated with BES

BES in Patients with 
bifurcation lesion

(N=258)

BES in Patients without 
bifurcation

(N=598) P-value

Death 35 (13.6%) 67 (11.2%) 0.37

Cardiac death 24 (9.3%) 42 (7%) 0.28

Myocardial infarction 33 (12.8%) 49 (8.2%) 0.034

Q-wave 4 (1.6%) 4 (0.7%) 0.23

Non-Q-wave 29 (11.2%) 45 (7.5%) 0.072

Peri-procedural 19 (7.4%) 15 (2.5%) 0.0015

Spontaneous 14 (5.4%) 34 (5.7%) 0.88

Clinically-indicated TLR 26 (10.1%) 57 (9.5%) 0.82

Clinically-indicated TVR 31 (12%) 73 (12.2%) 0.92

Any Revascularization 56 (21.7%) 150 (25.1%) 0.30

Stent thrombosis (definite/probable) 8 (3.1%) 23 (3.8%) 0.60

Definite 6 (2.3%) 16 (2.7%) 0.77

Probable 2 (0.8%) 8 (1.3%) 0.49

TLR = target lesion revascularization; TVR = target vessel revascularization.

DISCUSSION

The main findings of the current analyses are:
1. PCI of bifurcation lesions was associated with worse long term clinical outcomes 

when compared with non-bifurcation lesions, resulting in differences in MACE and 
DOCE.

2. The use of the Biomatrix FlexTM BES for the treatment of bifurcation lesions resulted 
comparable safety and superior efficacy when compared with the Cypher® SelectTM 
SES.
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The differences in MACE rates between patients with at least one bifurcation lesion 
versus patients without any bifurcation lesion were observed early and were mainly 
driven by a numerical difference in MI (bifurcations 11.9% vs. non-bifurcations 8.9%, 
P=0.057) and CI-TVR (bifurcations 15.5% vs. non-bifurcations 12.5%, P= 0.099) rates, 
while the cardiac death rates were similar (bifurcations 8.5% vs. non-bifurcations 7.7%, 
P=0.66). The Kaplan–Meier curve showed an early divergence of the MI endpoint, while 
beyond 1 year patients with at least one bifurcation lesion were no longer at higher 
risk of MI. This finding is in-line with recently published combined 3-year follow-up data 
from the RESOLUTE all-comers trial and RESOLUTE international registry evaluating the 
ResoluteTM (Endeavor® Resolute, Medtronic, Santa Rosa, CA) zotarolimus eluting stent 
(ZES) second generation DES 7. In that study, a higher risk for ischemic events was found 
in patients treated for at least one bifurcation lesion, although this increased risk was 
limited to the early phase post-procedural. In terms of efficacy (i.e., TVR), they found 
differences between bifurcations and non-bifurcations both in the early phase (30-day 
TVR rates 2.2% vs. 0.7%, P=0.01) as well as beyond 30-days up to 3 years, although the 
absolute differences were quite small (TVR rates from 30 days until 3 years: 7.9% vs. 6.4%, 
P=0.04). In the current analysis, we also found small numerical differences in CI-TVR with 
the Kaplan–Meier curves diverging early, and continuing in this fashion beyond 1 year. 
Diletti et al drew similar conclusions from the 2-year data of the Resolute allcomers 
randomized trial (i.e., ResoluteTM ZES and Xience VTM [Abbott Vascular, Santa Clara, CA] 
Everolimus-eluting stent [EES]) 3. Diletti et al. speculated that the differences between 
patients with and without bifurcation lesions were smaller because of the introduction 
of second generation DES, thereby improving outcomes after bifurcation PCI. This, how-
ever, must be regarded as hypothesis-generating given the absence of a control arm of 
a first generation DES.

Costopoulos et al compared in a non-randomized fashion first generation DES (either 
Cypher SES or Taxus [Boston Scientific Corp., Natick, MA] paclitaxel-eluting stent, total 
n=289) with second generation DES (either Promus EES [Boston Scientific Corp., Natick, 
MA], Xience EES, or Resolute ZES, total n=199) and conclude that the use of these second 
generation DES were associated with improved clinical outcomes for the treatment of 
bifurcation lesions  8. The only available randomized data comparing first and second 
generation DES in bifurcation lesions is from the SEAside and CORPAL randomized trials, 
comparing Xience EES with Cypher SES 9-11. The individual trials were small and therefore 
underpowered to be able to demonstrate any clinical benefit of second generation DES 
over the first generation DES at 1 year follow-up 9,10. However, by pooling data from both 
studies (EES n=223, SES n220) and extending follow-up until 3 years, a statistical signifi-
cant difference in TVR between 1 and 3 years (3.9% vs. 1.0%, P=0.046) was demonstrated 
in favor of EES 11. We demonstrated in a similar-sized cohort (BES n=258, SES n=239), in 
a randomized fashion, that BES was associated with improved efficacy outcomes when 
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compared with SES (any revascularization, any TVR, CI-TVR, any TLR, CI-TLR), with a trend 
toward improved safety with BES beyond 1 year.

Although both devices have similarities such as a stainless steel platform and 
comparable strut thickness (120 micron vs. 140 micron), there are differences, most 
notably in the polymer coating, stent design and eluted drug, which might explain the 
potential benefit of BES over Cypher SES in bifurcation lesions (Figure 5). The Cypher 
SES has a permanent polymer coating made of a poly(ethylene co-vinyl acetate) and 
poly(n-butyl methacrylate) polymer which has been shown to induce granulomatous 
and hypersensitivity reactions in animal models and humans  12. The Biomatrix BES on 
the other hand has a biodegradable polymer coating made of polylactic acid (PLA) on 

Platform:
Strut thickness:
Polymer:
Coating:
Anti-proliferative drug:

Stainless steel
140μm

Permanent
Circumferential

Sirolimus

Stainless steel
120μm

Biodegradable
Abluminal only

Biolimus

Cypher Biomatrix

Maximum achievable cell 
diameter (circumference) 
of a 3.0mm stent after 
dilation with 3.5mm 
balloon:

3.0mm 
(9.5mm)

3.7mm 
(10.8mm)

Stent design:
Both stents have out-of-
phase sinusoidal hoops, 
linked peak-to-peak.

Both stents have different 
numbers of connecting 
struts: 6 connectors 2 connectors

Figure 5. Similarities and differences of Biomatrix biolimus-eluting stent versus Cypher sirolimus-eluting 
stents.
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its abluminal surface. Direct histopathological comparisons in animal models has shown 
that methacrylate-based permanent polymer stent coatings provoke significant more 
vessel wall inflammatory reactions, resulting in a greater vascular injury, than polylactic 
acid-based biodegradable polymer coatings 13,14. Stents with polylactic based polymer 
coatings therefore have favorable vascular healing and decreased neointimal growth, 
leading to improved clinical outcomes, both with regard to safety and efficacy 4, at least 
partly explaining the clinical benefit observed with Biomatrix in bifurcations. Another 
difference between the two devices, and of particular interest in bifurcation lesions, is 
the difference in stent design. Although both devices have a design with out-of-phase 
sinusoidal hoops, they differ in the number of interconnecting struts (6 in the 3.0 mm 
Cypher and only 2 in the 3.0 mm Biomatrix). This is important because the fewer links 
connecting the hoops in Biomatrix creates a larger stent cell opening toward the side 
branch after side branch post-dilatation, which may result in improved side branch 
patency on the long-term. Furthermore, with more interconnecting struts (as in Cypher), 
there is a higher chance that such links are “connected to the carina,” resulting in an 
increased risk of incomplete stent strut apposition compared with cases without con-
necting links to the carina (the so-called “free carina type”) 15. There is also a difference 
in the drug eluted from the stent: biolimus A9 versus sirolimus. Although there is no evi-
dence of an advantage with biolimus over sirolimus with regard to preventing in-stent 
neo-intima hyperplasia, as assessed with quantitative coronary angiography (QCA) 6 and 
optical coherence tomography  16, one might speculate that the higher lipophilicity of 
the biolimus A9 (more than 10 times higher than sirolimus; data on file at BioSensors) 
results in deeper tissue penetration of the drug into tissue which is not in direct contact 
with the stent struts, such as non-stented side branch ostia. However, this explanation 
for differences in target lesion revascularization rates is highly speculative. A potential 
downside of the Biomatrix BES compared with Cypher SES for the treatment of bifur-
cations is the increased risk of peri-procedural MI observed in the Biomatrix group  5. 
Although the prognostic implications of peri-procedural MI remain a topic of ongoing 
debate 17,18, a higher rate of peri-procedural MI with Biomatrix was observed. Differences 
in pre-dilatations performed or distal embolization of fragments of the polymer coating 
have been proposed as possible explanations 5,19. However, there was some imbalance 
in clinical presentation in the bifurcation subgroup (more NSTEMI in SES; more unstable 
angina in BES) which may have obscured some of the peri-procedural MI in the SES group 
in patients presenting with NSTEMI with biomarkers already elevating pre-procedural. A 
recent report from the TWENTE trial also showed higher peri-procedural MI rates in bi-
furcation lesions when using EES and ZES newest generation DES 20. It is noteworthy that 
at 5-year follow-up, there was no longer a statistical significant difference in MI between 
BES and SES due to a late “catch-up” in MI events related to the higher incidence of very 
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late ST in Cypher. Importantly, there were no differences in cardiac death rate between 
BES and SES, both in the early as in the long-term phase.

It seems that improvements in DES stent design indeed do improve clinical outcomes 
after PCI of bifurcation lesions. Besides improvements in DES design, gained knowledge 
on bifurcation stenting and the introduction of specific bifurcation techniques, includ-
ing stent sizing according to the distal diameter to prevent carina shift 21,22, the proximal 
optimization technique  23, the importance of distal cell recrossing during side branch 
rewiring after main branch stenting  15,24, final kissing balloon dilatation  25,26, and the 
need to use non-compliant balloons  21, have improved clinical outcomes after PCI of 
bifurcation lesions even further  27. Therefore, it seems justified to conclude that with 
the current knowledge and the contemporary armamentarium of interventionalists, not 
all bifurcation lesions should longer be considered as high risk lesions. Even Medina 
1,1,1, lesion are not necessarily “complex” if the side branch lesion is short with an in-
termediate stenosis severity. The current challenge is to adequately identify bifurcation 
lesions which are at high risk for procedural complications and worse clinical outcomes. 
The recently proposed “DEFINITION” criteria have been associated with adverse clinical 
outcomes and seem to be a promising effort to objectively assess the complexity of 
bifurcation lesions 28. In this study, “complex” bifurcations lesions were defined as Me-
dina 1,1,1/0,1,1, bifurcation lesions with side branch diameter greater than 2.5 mm, side 
branch stenosis severity greater than 90%, and side branch lesion length greater than 10 
mm with an additional high-risk criterion 28. It seems worthwhile to focus future research 
on such high-risk sub groups to further improve outcomes after treatment of bifurcation 
lesions 28.

Limitations

This bifurcation sub-group analysis was not pre-specified and should be interpreted 
with caution given its post-hoc nature. The study is not powered to draw any definitive 
conclusions. A prospective randomized trial dedicated to bifurcation lesions is warranted 
to confirm our findings. Since the LEADERS trial had an all-comers design, conventional 
single-vessel QCA was used. Since this single-vessel QCA is proven to be inaccurate in 
bifurcations 29,30, no QCA data in this bifurcation subgroup are presented here.

CONCLUSIONS

PCI of bifurcation lesions is still associated with worse long-term clinical outcomes com-
pared with non-bifurcation lesions. In patients treated for at least one bifurcation lesion, 
improved efficacy outcomes and a trend toward improved safety outcomes (beyond 1 
year) were observed when Biomatrix BES was compared with Cypher SES.
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