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Objectives: To assess the safety and efficacy of Biolimus A9-eluting stents (BES, BioMa-
trixTM and BioMatrix FlexTM) in routine clinical practice. Background: The LEADERS
randomized trial has documented equivalent efficacy and superior safety of the BES when
compared to a first generation Sirolimus-eluting CypherTM stent. Methods: 5,472 patients
from 57 centers, treated with BES, were enrolled in an international multicenter registry
and followed clinically up to 2 years. Results: Mean patient age was 63.2 6 11 years, 24%
of patients had diabetes, and 49.8% presented with an acute coronary syndrome. 99.3% of
patients were discharged on dual antiplatelet therapy (DAPT), 83.3% remained on DAPT at
1 year and 30.6% at 2 years. The incidence of the composite primary end point [major
adverse cardiac events (MACE) at 12 months] was 4.5% [cardiac death 0.9%, myocardial
infarction 1.7%, clinically indicated target vessel revascularization (ci-TVR) 2.8%]. MACE
incidence was 6.8% at 24 months (cardiac death 1.5%, myocardial infarction 2.4%, ci-TVR
4.3%). At 12 months, 32 patients (0.6%) had suffered at least one definite or probable stent
thrombosis (ST), and 91 patients (1.7%) a major bleed (MB). Nine patients with ST (27.3%)
and 7 patients with a MB (7.7%) died during the first year after the index procedure.
Between 12 and 24 months after implantation, there were 18 (0.4%) additional MB and 8
(0.2%) additional ST. Conclusions: This large international cohort documents a low 12
and 24 months MACE incidence and a very low ST incidence in an unselected patient
population undergoing BES implantation. The results are in keeping with those of the
randomized controlled LEADERS trial. Even though ST with this stent was a rare event, it
was still associated with significant mortality. MB remains a problem, and warrants
improved tailoring of DAPT in recipients of drug eluting stents. VC 2015 Wiley Periodicals, Inc.
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INTRODUCTION

The recommended duration of dual antiplatelet treat-
ment (DAPT) in recipients of drug eluting stents (DES)
is 6–12 months as per current guidelines [1,2], but con-

cern with late and very late stent thrombosis with the
first Paclitaxel and Sirolimus eluting DES led some
operators to advocate indefinite DAPT [3]. The avail-
ability of second generation drug eluting coronary stents,
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while maintaining the low target lesion revascularization
(TLR) rates that were obtained with earlier devices, has
represented a major step forward in terms of safety, and
the Biolimus A9-eluting BioMatrix Flex TM stent (Bio-
sensors Europe, Morges, Switzerland) was conclusively
demonstrated to be associated with significantly less
very late stent thrombosis than the first generation
Sirolimus-eluting Cypher TM stent (Cordis Corporation,
Bridgewater, NJ) [4–7]. The present registry was there-
fore designed to evaluate whether these excellent results
could be replicated in routine clinical practice. Further-
more, the risk of bleeding as a cause of significant mor-
bidity and mortality has led to renewed concern that
intense and prolonged DAPT may negatively impact on
prognosis.[8,9] and routine use of platelet function test-
ing, while a logical approach to the problem, has so far
been disappointing in clinical practice [10,11].

While randomized trials have uniquely defined the
risks and the benefits of coronary stenting in a variety
of clinical settings [4–7,12,13], until now, they only
rarely included any information on bleeding events.
Their size has also meant that rare but important
adverse events have often been difficult to quantify
and analyze. Despite some methodological and statisti-
cal limitations in relation to potential reporting and
selection biases, registries that enroll in a large number
of centers and use broad inclusion criteria are more
likely to provide a realistic estimation of the applica-
tion of a given treatment in the general population, in
particular when assessing rare events [14–16].

In this study, we analyzed the 12 and 24 months
results of the 5,472 patients enrolled in the e-
BioMatrix registry and treated with contemporary bio-
degradable polymer Biolimus A9TM-eluting DES. In
addition to the primary end point, defined as the inci-
dence of major adverse cardiac events (MACE) at 12
months, the registry also analyzed, as predefined sec-
ondary end points, the incidence and consequences of
both stent thrombosis (ST) and major bleeding (MB),
as well as the incidence of MACE at 24 months.

MATERIALS AND METHODS

The e-BioMatrix Registry is a prospective, multi-
center, observational registry designed to assess out-
comes in a “real world, all-comers” patient population
treated with either the BioMatrixTM or the BioMatrix
FlexTM stent (BioMatrix, Biosensors Europe SA,
Morges, Switzerland), a DES with a biodegradable
polymer polylactic acid (PLA) coating containing the
BA9TM drug (Biolimus A9).

The BioMatrix Flex is a more recent iteration with a
platform design change providing improved flexibility.
The registry was conducted in 57 centers and 15 coun-

tries (see Appendix A) where the Biolimus-eluting stent
[BES] has been approved for commercial use. Baseline
data were collected between April 2008 and August
2011 in eligible patients who received one or more BES.

Patients were included in the study if they had a
clinical indication for percutaneous coronary interven-
tion [PCI], with one or more coronary artery stenoses
in a native coronary artery or a saphenous bypass graft
that could be covered with one or multiple BioMatrix
stents from 2.25 to 4.0 mm in diameter. There were no
limitations as to the number of treated vessels, or the
number, type and length of treated lesions. Patients
were excluded from the registry if any additional
stent(s) not of the BES type were implanted during the
index procedure, or if any lesions were treated solely
with other techniques (stand alone balloon angioplasty,
atherectomy, etc.). There were no exclusion criteria
related to clinical presentation. DAPT with aspirin and
a P2Y12 blocker was recommended for 6–12 months.

The study complied with the declaration of Helsinki
and was approved by all institutional ethics committees,
whenever applicable for a registry. All patients provided
written informed consent for participation in this registry,
either before or as soon as possible after the procedure.

The baseline data collected for the e-BioMatrix
registry included demographic information, cardiovas-
cular history, comorbidity, lesion and procedure char-
acteristics, and antithrombotic regimens. The patients
were followed at 30 days, 6, 12, and 24 months by tel-
ephone contact and/or office visits.

Data were collected electronically at each participat-
ing center and stored in a central database (Merge
Healthcare, Nancy France and e-Novex BVBA, Ant-
werp, Belgium). All data were checked for consistency,
and electronic queries were used as required. 100% of
patient consent forms were verified. All reported
MACE, bleeding events and stent thromboses were
monitored and checked against source documents. In
nine of the participating centers, baseline parameters
and source documents were fully monitored, represent-
ing 20% of the total patient population.

The analysis, presentations and publications of the e-
BioMatrix registry results were planned and supervised
by a Steering Committee (Appendix B). All MACE,
bleeding events and stent thromboses were adjudicated
by an independent Clinical Event Committee (Appen-
dix B). The primary end point was the incidence of
MACE at 12 months, a composite of cardiac death,
any myocardial infarction (MI) and clinically indicated
target vessel revascularization (ci-TVR). Pre-defined
secondary end points included, among others, ST [Aca-
demic Research Consortium (ARC) definitions] [17],
MB (STEEPLE definition) [18], the individual compo-
nents of the primary end point and MACE at 24
months.
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Definitions

Cardiac death was defined as any death due to an
immediate cardiac cause (e.g., MI, low-output failure,
fatal arrhythmia), un-witnessed death and death of
unknown cause, and all procedure-related deaths,
including those related to concomitant treatment. Q-
wave MI was defined as the development of new, path-
ological Q-waves in two or more contiguous leads (as
assessed by the CEC) with or without postprocedure
CK or CK-MB levels elevation above normal. Peripro-
cedural non-Q-wave MI was defined as the elevation
of CK levels to >3 times the upper limit of normal,
with CK-MB or troponin elevation if available, in the
absence of pathological Q-waves. Spontaneous non-Q
wave MI was diagnosed if symptoms and/or ECG
changes were associated with elevated biomarkers
(CK, CKMB or troponin) above the upper limit of nor-
mal.

Ci-TVR was defined as a repeat percutaneous inter-
vention or bypass surgery of the target vessel associ-
ated with either a �70% vessel diameter reduction or a
�50% diameter reduction together with angina and/or
documented ischemia.

ST was classified as definite, probable, and possible
according to ARC [17] and all relevant angiograms
were reviewed by the CEC. Bleeding was classified as
major [MB] or minor according to the STEEPLE defi-
nitions [18]. Staging of the index procedure was
allowed when the second procedure was planned at the
time of the initial procedure and was scheduled within
90 days, using study stents only. Chronic renal failure
was considered present when preprocedure plasma cre-
atinine was �2.95 mg/dl or 260 mmol/l.

Statistical Analysis

For all patients, standard descriptive statistics were
used for baseline, lesion and procedural characteristic
and for clinical results. Continuous variables are pre-
sented as mean� standard deviation or median and
range, and categorical variables are presented as num-
bers and percentages. Cumulative incidences of adverse
clinical events were estimated using the Kaplan–Meier
method. A list of potential predictors of MACE was
established after production of descriptive statistics of
the data, and included the following baseline patient
characteristics: gender, age, presence of STEMI at pre-
sentation, diabetes mellitus, renal insufficiency, oral
anticoagulant treatment and the Charlson comorbidity
index.

In addition, the following lesion and procedural
characteristics were considered as potential predictors:
location of the target lesion in a saphenous vein graft,
restenotic target lesion, complex target lesion (i.e.,

bifurcation lesion, in-stent restenotic lesion, lesion
located in a saphenous vein (or arterial) graft or a
chronically totally occluded lesion), total implanted
stent length, multivessel PCI. Univariate and multivari-
ate analyses were carried out using the Cox propor-
tional hazards (Cox PH) model and R add-on package
“survival” [19]. Covariate selection was performed
according to Collett [20]. Along this selection proce-
dure, statistical significance was considered to be
reached when P� 0.10. The relationship between the
logarithm of the hazard ratio and patient age was not
linear and modeled using smoothing splines. All statis-
tical analyses were performed with R 3.0.1.

RESULTS

From April 2008 to August 2011, in 57 centers in
Europe, the Middle East, Russia, and North Africa,
5,653 patients provided informed consent. 181 patients
were excluded because they did not meet exclusion/
inclusion criteria. The study population therefore con-
sisted of 5,472 patients. Baseline demographics, angio-
graphic and procedure data and 12 and 24 months
event rates are reported in Tables (I–IV), respectively.
Mean patient age was 63.2� 11 years, 24% of patients
had diabetes, 32.6% presented with unstable angina or
non-ST-elevation MI (NSTEMI), and 17.1% with ST-
segment elevation MI [STEMI].

A total of 5,167 patients underwent a single coro-
nary revascularization procedure and 305 a planned
staged procedure within 4.5� 5 weeks. A mean of 1.7
stents/patient was implanted. Compliance rates with
DAPT were 98.2% at 30 days, 95.9% at 180 days,
83.3% at 12 months, and 30.6% at 24 months (Fig. 1).
ESC guidelines were thus followed for 92.6% of elec-
tive procedures (DAPT duration� 6 months) and
79.8% of acute coronary syndromes (ACS) patients
(DAPT duration of 1 year). After discharge, temporary
interruptions of DAPT were recorded in 1.1% of
patients during the first 30 days (57/5, 378), in 1.7% of
patients between days 31 and 180 (93/5, 363), and in
2.1% of patients between 181 and 12 months (114/5,
353). The 12- and 24-month clinical follow-up was
obtained in 97.3% and 93.8% of patients, respectively.

The occurrence of MACE was 4.5% at 12 months
and 6.8% at 24 months. Its individual components,
stent thrombosis and major bleeding at different time
points are given in Table III. Definite or probable ST
occurred in 0.6% of patients at 12 months and 0.2%
between 12 and 24 months. Of the 40 ST, 23 (58.5%)
occurred during the first 30 days. MB occurred in
1.7% of patients at 12 months and 0.4% between 12
and 24 months. Although 41 of 109 MB (35.7%)
occurred during the first 30 days, they were more
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evenly distributed during the follow-up period than ST
(Fig. 2).

Several pre-defined patient subgroups were analyzed
for their relative risks of ST and MB (Fig. 3). Many
patient subgroups appeared at increased risk for both
adverse events, (especially the elderly, patients with re-
nal failure, a history of bypass surgery, or those taking
oral anticoagulants). Three patients with MB (2.8%)
also suffered ST during the first year. This was differ-
ent from a ST rate of 0.7% for patients without MB
(P< 0.05). A multivariate analysis using the 24 months
data was performed in order to identify the predictors
of the primary end point (MACE) over the first year
after stent implantation.

During the first 12 months, 87 of 91 patients with
MB and all patients with ST were on DAPT at the
time of the first event. Between 12 and 24 months, 6
patients out the 8 who had a first ST and 11 patients
out of the 18 who had a first MB were on DAPT at
the time of event. In total, mortality at 24 months was
27.5% (11/40) in patients with definite or probable ST
and 9.1% (10/109) in patients with MB.

DISCUSSION

The 24 months analysis of the data collected in the
e-BioMatrix registry confirms the excellent safety and

efficacy profile of the BioMatrix family of stents in a
population of patients undergoing PCI in routine clini-
cal practice. The primary end point (MACE rate at 12
months) was reached by 4.5% of patients. This is lower
than the 11% that was observed in the randomized
LEADERS trial [5], most probably because of the
selection of lower risk patients in e-BioMatrix, as sug-
gested by the fact that the differences in MACE rates
were most pronounced during the first 30 days (5.3%
for LEADERS [4] vs. 1.2% for e-BioMatrix). Very late
definite/probable ST was a rare event (0.2%), identical
to the 0.2% rate of very late ST between 1 and 2 years
observed in the BioMatrix Flex arm of the LEADERS
trial [7].

TABLE I. Baseline Characteristics of the Study Population

Variables

Study population

(n¼ 5,472)

Age (years) 63.2� 11.0

Male, n (%) 4,126 (75.4)

Mean BMI (kg/m2) 28.1� 4.7

History of prior MI, n (%) 1,362 (24.9)

History of PCI, n (%) 1,298 (23.7)

History of CABG, n (%) 398 (7.3)

Diabetes mellitus, n (%) 1,315 (24.0)

Insulin-dependent DM, n (%) 408 (31.0%)

Hypertension, n (%) 3,539 (64.7)

Hypercholesterolemia, n (%) 3,763 (68.8)

Current smoker, n (%) 1,441 (26.3)

Peripheral vascular disease, n (%) 369 (6.7)

Prior cerebrovascular disease, n (%) 311 (5.7)

Chronic renal failure, n (%)

(baseline plasma creatinine� 2.95 mg/dl

or 260 mmol/l)

160 (2.9)

Anticoagulant treatment, n (%) 78 (1.4%)

Indication for PCI

Stable angina/silent

ischemia/asymptomatic

2,746 (50.2)

Acute coronary syndrome 2,723 (49.8)

Unstable angina 594 (21.8)

NSTEMI 1,190 (43.7)

STEMI 938 (34.5)

LVEF <40%, n (%) 302 (9.1)

LVEF: left ventricular ejection fraction (available for 3,337 patients).

TABLE II. Lesion and Procedure Characteristics

Type of lesion

De novo (%) 7,458 (95.2%)

Any restenosis 375 (4.8%)

In-stent restenosis 307 (3.9%)

Bifurcation (%) 550 (7.0%)

Chronic total occlusion (>3 months, %) 194 (2.5%)

Left main (%) 183 (2.3%)

Bypass graft 113 (1.4%)

No. of treated vessels per patient (%)

1 vessel 4,487 (82%)

2 vessels 866 (15.8%)

3þ vessels 119 (2.2%)

No. of treated lesions per patient (%)

1 lesion 3,786 (69.2%)

2 lesions 1,191 (21.8%)

3 lesions 368 (6.7%)

4 þlesions 127 (2.3%)

No. of stents per patient (%)

1 stent 3,140 (57.4%)

2 stents 1,415 (25.8%)

3 stents 583 (10.7%)

4 or more stents 334 (6.1%)

No. of staged procedures, % 305 (5.3%)

No. of stents per patient 1.7� 1.0

Total stent length/patient, mm 32.5� 21.4

Total stent length/lesion, mm 22.8� 11.1

Small diameter stent (�2.75 mm),% 2,669 (48.8%)

Antithrombotic medications, n (%)

Preindex procedure

Aspirin 4,767 (87.3)

Clopidogrel 4,248 (77.9)

Prasugrel 103 (1.9)

Ticlopidine 20 (0.4)

Peri-index procedure

Heparin 4,978 (91.7)

IIbIIIa blocker 789 (14.5)

Bivalirudin 110 (2.0)

Platelet function tested during index admission, n (%) 36 (0.7)

Prescribed at discharge after index procedure

Aspirin 5,435 (99.3)

Clopidogrel 5,288 (96.7)

Prasugrel 159 (2.9)

Ticlopidine 5 (0.1)
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The multivariate predictors of MACE (Table V)
combined baseline clinical parameters (age and Charl-
son comorbidity index), and others related to the com-
plexity and/or saphenous vein location of target
lesions. Total implanted stent length was the only pro-

cedure parameter that was associated with MACE.
Compliance with the DAPT regimen was good (86%
overall adherence to ESC guidelines) associated with a
maintained low MACE rate 2 years (6.8%). Impor-
tantly, no increase in definite/probable stent thrombosis

TABLE III. Kaplan–Meier Estimates of Adverse Events Cumulative Incidences

Up to

30 days % (n)

Up to

6 months % (n)

Up to

12 months % (n)

Up to

24 months % (n)

Available follow-up 99.2 (5,427) 98.3% (5,381) 97.3 (5,323) 93.8 (5,135)

MACEa 1.2 (64) 2.6 (143) 4.5 (243) 6.8 (358)

All death 0.3 (16) 1.0 (56) 1.8 (95) 3 (159)

Cardiac death 0.3 (14) 0.7 (38) 0.9 (51) 1.5 (78)

Acute myocardial infarction 0.9 (48) 1.3 (69) 1.7 (90) 2.4 (127)

Q wave 0.3 (16) 0.3 (18) 0.4 (24) 0.6 (34)

Non-Q wave 0.6 (32) 0.9 (51) 1.3 (68) 1.8 (95)

Any revascularization 0.8 (41) 2.8 (150) 5.3 (282) 8.1 (424)

CABG 0.0 (2) 0.2 (11) 0.5 (25) 0.8 (43)

PCI 0.7 (40) 2.6 (141) 4.9 (262) 7.4 (389)

ci-TVRb 0.3 (17) 1.2 (67) 2.8 (148) 4.3 (225)

TLFc 1.2 (64) 2.4 (132) 4.0 (212) 5.8 (307)

All Stent thrombosis (definite, probable, and possible) 0.4 (23) 0.7 (39) 0.9 (47) 1.3 (69)

Definite and probable 0.4 (23) 0.5 (29) 0.6 (32) 0.8 (40)

Definite 0.4 (20) 0.5 (25) 0.5 (28) 0.6 (34)

Major bleeding 0.8 (41) 1.4 (74) 1.7 (91) 2.1 (109)

aMajor adverse cardiac events: cardiac death, any MI, and clinically indicated target vessel revascularization.
bClinically indicated target vessel revascularization.
cTarget lesion failure: a composite of cardiac death, MI, or ci-TLR.

TABLE IV. Relative Risks of Stent Thrombosis and Major Bleeding

0–30 days 31 days–6 months >6–12 months >12–24 months

Stent thrombosis (ST) def/prob (%) 0.43 0.11 0.06 0.16

Major bleeding (MB) (%) 0.75 0.61 0.33 0.37

MB/ST ratio 1.74 5.55 5.5 2.31

On DAPT at end of period (%) 98.2 95.9 83.3 30.6

All percentages are Kaplan–Meier estimates derived from the number of patients for whom information on DAPT compliance is available

(n¼ 5,384).

Fig. 1. DAPT, aspirin, and clopidogrel compliance.
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(ST) was observed when a sizeable minority of patients
switched from DAPT to single antiplatelet treatment at
the time of the 6 months FU visit (Fig. 1). This was
also observed in the LEADERS Trial, suggesting that
in potential situations associated with bleeding, such as
need for noncardiac surgery, there does not seem to be
a significant risk for DAPT discontinuation after 6
months.

Our data confirm that, as is the case with other DES
and BMS [14–16], most instances of ST occur early af-

ter the procedure (<30 days), and usually in patients
who are on DAPT. All but two patients who developed
definite or probable ST during the full 24 months
follow-up period in the present series were on DAPT
at the time of the event. As observed previously [6,14],
ST is a very severe event, and 27.5% of patients who
suffered definite or probable ST died during the
follow-up period.

MB was also more frequent during the first weeks,
but there was a more sustained incidence of MB

Fig. 2. Incidence of definite/probable stent thrombosis and major bleeding (arrowheads
indicate events associated with death during the 24-month follow-up).

Fig. 3. Stent thrombosis and major bleeding at 24 months in selected subgroups.
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throughout the 2-year follow-up period (Fig. 2). During
the first year, 87 of 91 patients (95.6%) with MB were
on DAPT at the time they suffered their first bleeding
event. In total, 9.1% of patients who experienced a
MB died during the follow-up period.

While the absolute numbers of deaths associated
with ST and MB were not very different (11 and 10,
respectively), together they accounted for only 13.2%
of all deaths reported during the follow-up period.
Only three patients (0.05%) in our series entered the
vicious circle of suffering both definite/probable ST
and MB during the entire follow-up period. This is in
accord with data derived from platelet function testing
[16,22–24], where an optimal level of platelet inhibi-
tion appears to exist, and a higher or lower effect of
treatment is associated, respectively, either with bleed-
ing or with stent thrombosis. In a large series of
patients presenting with ACS and treated with stents,
Manoukian et al. [25] showed that bleeding was associ-
ated with an increased risk of subsequent ST.

Early reports stressed the critical importance of
DAPT compliance [26], and operators now take great
care that patients fully understand this. In the future,
progress is more likely to come from the selective use
of more potent P2Y12 inhibitors, especially during the
first 30 days after PCI, and perhaps from the use of
platelet function testing, even though data from that
field have so far been mostly disappointing [10,11].
Improved stent designs and shorter courses of DAPT
should contribute to decrease the bleeding risks, as
documented by several recent studies [27–30]. These
suggest that, compared with short-duration DAPT, pro-
longed DAPT is associated with increased rates of MB
but is not associated with an improved outcome in
terms of death or myocardial infarction.

Clearly, the “one size fits all” approach for DAPT
after stenting may soon be replaced by a choice of dif-
ferent strategies, based on patient demographics and
presentation, procedure characteristics, and type of
stent used.

Limitations

Several limitations should be underlined. First of all,
the results reported here may have been affected by
the type of bias inherent to all registries, namely the
selective inclusion of lower risk patients, together with
less exhaustive monitoring than that applied in random-
ized controlled trials, potentially contributing to an
overall under-reporting of events. Also, although inves-
tigators were strongly encouraged to enroll all consecu-
tive patients satisfying the inclusion/exclusion criteria,
because written consent for participation could be
obtained either before or after the index procedure,
some patients with major complications during the pro-
cedure may not have been included. However, the
event rates are similar to those of other postmarket
registries [14,31,32]. and the high rate of patient
follow-up deserves to be emphasized. Another limita-
tion is that information regarding vascular access was
not collected, and the relative merits of radial vs. fem-
oral access in terms of bleeding and other adverse
events cannot be analyzed. Also, the BARC classifica-
tion was not available at the time the e-BioMatrix
registry was designed, and bleeding was assessed using
the STEEPLE classification; comparisons with some of
the more recent series is thus rendered more difficult
[13,15].

CONCLUSIONS

With a low MACE rate of 4.5% at 12 months, and
6.8% at 24 months, these data confirm that excellent
results are obtained with the Biolimus A9-eluting stent
in a large “real-world” registry recruiting from a repre-
sentative international sample of 57 centers. The 12
months incidence of ST was low (0.6%) and even lower
between 12 and 24 months (0.2%), while that of MB
remained preoccupying (1.7% at 12 months and 0.4%
between 12 and 24 months). In the future, individual tai-
loring of intensity and duration of DAPT, based on
patient, procedure and stent characteristics, may contrib-
ute to further limiting the occurrence of these two very
serious and sometimes fatal adverse events.
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TABLE V. Predictors of MACE at 2 Years by Multivariate
Analysis

Variables

MACE

HR CI P

Charlson comorbidity indexa 1.42 1.18–1.71 <0.001

Total stent length 1.01 1.003–1.01 <0.001

Complex lesionb 1.44 1.12–1.86 0.005

Agec—linear 1.01 1.002–1.02 0.02

SVG target lesion 2.2 1.36–3.62 0.002

aThe logarithm of the Charlson comorbidity indexþ 1 was entered to

allow for linearity between the log hazard ratio and the predictor.
bDefined as any of the following: bifurcation lesion, in-stent restenotic

lesion, lesion in a saphenous vein (or arterial) graft, or a chronically

totally occluded lesion.
cThe median age (64 years) was substracted from the age of patients so

that the baseline hazard corresponds to the hazard of a 64-year-old

patient.
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APPENDIX A

List of Study Centers

Austria: Universit€at Innsbruck, Bernhard Metzler;
Krankenanstalt Rudolfstiftung, Vienna, Franz Wei-
dinger; KFJ Spital, Vienna, G€unter Christ.

Czech Republic: Teaching Hospital, Brno, Petr Kala;
Masaryk Hospital, Usti nad Labem, Pavel Cervinka.

Denmark: Roskilde Sygehus, Roskilde, Steen Car-
stensen.

Germany: Vivantes Klinikum, Berlin, Stephan
Kische.

Ireland: St James Hospital, Dublin, Niall Mulvihill;
Mater Misericordiae University Hospital, Dublin, Niall
Mahon.

Jordan: The Jordan Cardiovascular Center, Amman,
Imad A. Alhaddad.

Latvia: Pauls Stradins Clinical University Hospital,
Riga, Andrejs Erglis.

Lithuania: Kaunas University of Medicine Hospital,
Kaunas, Ramunas Unikas.

Morocco: Clinique Agdal, Rabat, Assad Chaara;
Hôpital Militaire d’Instruction Mohamed V, Rabat,
Abdelali Boukili.

Poland: zpital Kliniczny im. Karola Jonschera Uni-
wersytetu Medycznego im. Karola Marcinkowskiego w
Poznaniu, Poznan, Maciej Lesiak; Wielospecjalistyczny
Szpital Miejski im. J. Strusia, Poznan, Bartosz Kalawski.

Portugal: Hospital do Espirito Santo, Evora, Renato
Fernandes.

Russia: Cardioclinic St Petersburg, Kirill Leonardo-
vich Kozlov; Moscow City Center of international car-
dioangiology, David Georgievich Iosseliani.

Spain: Hospital Santa Maria del Rosell, Cartagena,

Francisco Pic�o-Aracil; Hospital Vall d’Hebron, Barce-
lona, Bruno Garc�ıa; Hospital de Galdacao Usansolo,
Jos�e Ram�on Rumoroso; Hospital San Juan de Alicante,
Ramon Lopez Palop; Consorcio Hospital General Uni-
versitario de Valencia, Alberto Berenguer; Complejo
Hospitalario Universitario de Santiago de Compostela,
Ramiro Trillo; Hospital Universitario Virgen de la
Arrixaca, Murc�ıa, Mariano Vald�es Chavarri; Hospital
Universitario de Salamanca, Javier Rodriguez Collado.

Switzerland: Hôpital de la Tour, Geneva, Philip
Urban; Triemli Hospital, Zurich, Franz Eberli; Uni-
versit€at Spital, Z€urich, Christian Templin; Kantonsspi-
tal St Gallen, Daniel Weilenmann; Hôpital Cantonal de
Fribourg, Stephane Cook and Jean-Jacques Goy, Uni-
versity Hospital of Geneva, Marco Roffi; Cardiocentro
Ticino, Lugano, Giovanni Pedrazzini; Inselspital Bern,
Stephan Windecker.

United Kingdom: King’s College Hospital, London,
Jonathan Hill; Craigavon Cardiac Center, Ian Menown;
Golden Jubilee National Hospital, Glasgow, Keith Old-

royd; Royal Infirmary of Edinburgh, Neal Uren; New
Cross Hospital, Wolverhampton, James Cotton; Frenchay
Hospital, Bristol, Shahid Aziz; Leeds Teaching Hospitals,
Daniel Blackman; Hairmyres Hospital, Glasgow, Brian
O’Rourke; Royal United Hospital NHS Trust, Bath, Rob
Lowe; Royal Bournemouth Hospital, Suneel Talwar; Der-
riford Hospital, Plymouth, David Sarkar; Sheffield
Teaching Hospitals, Ever Grech; Brighton and Sussex
University Hospitals, David Hildick Smith; Manchester
Royal Infirmary, Magdi El-Omar; Papworth Hospital,
Cambridge, Sarah Clarke; Belfast City Hospital, Mark
Spence and Simon Walsh; Blackpool Victoria Hospital,
Grahame Goode; The Lister Hospital, London, Neville
Kukreja; Dorset Hospital, Dorchester, Fraser Witherow;
Freeman Hospital, Newcastle upon Tyne, Alan Bagnall;
Worthing Hospital, Mark Signy.

APPENDIX B

Members of the Clinical Event Adjudication
Committee

Dr. Alaide Chieffo (Chair)
Prof. Dr. Adnan Kastrati (former Chair)
Dr. Jan Z Peruga
Dr. Tudor C. Poerner
Prof. Dr. Jochen W€ohrle
Prof. Dr. Peter Radke
Dr. Fina Mauri
Dr. Agustin Albarran
Dr. Raul Moreno
Dr. Christian Roguelov
Dr. Gr�egoire Girod
Dr. Ralf Birkemeyer
Dr. Mark Rosenberg
Dr. Xavier Lyon
Dr. Lisette Jensen

Members of the e-BioMatrix Registry Steering
Committee

Philip Urban, MD, Hôpital de la Tour, Geneva,
Switzerland

Marco Roffi, MD, Hôpitaux Universitaires de Gen-
ève, Geneva, Switzerland

David Hildick-Smith, MD, Brighton and Sussex
Hospital, Brighton, UK

Keith Oldroyd, MD, Golden Jubilee Hospital, Glas-
gow, UK

Franz Xaver Kleber, MD, CCB, Academic Teaching
Institution, Charit�e University Medicine, Berlin, Germany
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Mariano Vald�es, MD, Hospital Universitario Virgen
de la Arrixaca, Murcia, Spain

Jacques Berland, MD, Clinique Saint-Hilaire, Rouen,
France

David Iosseliani, MD, Moscow City Center of Inter-
ventional Cardioangiology, Moscow, Russian Federation,

Imad Alhaddad, MD, The Jordan Cardiovascular
Center, Amman, Jordan

Franz Eberli, MD, Stadtspital Triemli, Zurich, Swit-
zerland,

Ian Menown, MD, Craigavon Cardiovascular Centre,
Craigavon, UK

Romain Piault, PhD, Biosensors, Switzerland
Pedro Eerdmans, MD, Biosensors, Switzerland
Susanne Meis, PhD, Biosensors, Switzerland

REFERENCES

1. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA,

Cercek B, Chambers CE, Ellis SG, Guyton RA, Hollenberg SM,

Khot UN, Lange RA, Mauri L, Mehran R, Mouss ID, Mukherjee

D, Nallamothu BK, Ting HH. American College of Cardiology

Foundation American Heart Association Task Force on practice

guidelines; Society for Cardiovascular Angiography and Interven-

tions. 2011 ACCF/AHA/SCAI guideline for percutaneous coro-

nary intervention. A report of the American College of

Cardiology Foundation/American Heart Association Task Force

on practice guidelines and the Society for Cardiovascular Angiog-

raphy and Interventions. J Am Coll Cardiol 2011;58:e44–122.

2. Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V,

Filippatos G, Hamm C, Head SJ, J€uni P, Kappetein AP, Kastrati

A, Knuuti J, Landmesser U, Laufer G, Neumann FJ, Richter DJ,

Schauerte P, Sousa Uva M, Stefanini GG, Taggart DP, Torracca

L, Valgimigli M, Wijns W, Witkowski A. Authors/task force

members. 2014 ESC/EACTS guidelines on myocardial revascu-

larization: the task force on myocardial revascularization of the

European Society of Cardiology (ESC) and the European Asso-

ciation for Cardio-Thoracic Surgery (EACTS) developed with

the special contribution of the European Association of Percuta-

neous Cardiovascular Interventions (EAPCI). Eur Heart J. 2014;

35:2541–619. PubMed PMID: 25173339.

3. Faxon DP, Lawler E, Young M, Gaziano M, Kinlay S. Pro-

longed clopidogrel use after bare metal and drug-eluting stent

placement: the veterans administration drug-eluting stent study.

Circ Cardiovasc Interv 2012; 5:372–380.

4. Windecker S, Serruys PW, Wandel S, Buszman P, Trznadel S,

Linke A, Lenk K, Ischinger T, Klauss V, Eberli F, Corti R,

Wijns W, Morice MC, di Mario C, Davies S, van Geuns RJ,

Eerdmans P, van Es GA, Meier B, J€uni P. Biolimus-eluting stent

with biodegradable polymer versus sirolimus-eluting stent with

durable polymer for coronary revascularisation (LEADERS): a

randomised non-inferiority trial. Lancet 2008; 372:1163–1173.

5. Stefanini GG, Kalesan B, Serruys PW, Heg D, Buszman P,

Linke A, Ischinger T, Klauss V, Eberli F, Wijns W, Morice

MC, Di Mario C, Corti R, Antoni D, Sohn HY, Eerdmans P,

van Es GA, Meier B, Windecker S, J€uni P. Long-term clinical

outcomes of biodegradable polymer biolimus-eluting stents ver-

sus durable polymer sirolimus-eluting stents in patients with cor-

onary artery disease (LEADERS): 4 year follow-up of a

randomised non inferiority trial. Lancet 2011; 378:1940–1948.

6. Palmerini T, Biondi-Zoccai G, Della Riva D, Stettler C,

Sangiorgi D, D’Ascenzo F, Kimura T, Briguori C, Sabatè M,
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