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ABSTRACT
ISS
BACKGROUND Outcomes data for a durable-polymer everolimus-eluting stent (EES) at extended long-term follow-up

in patients with ST-segment elevation myocardial infarction (STEMI) are unknown.

OBJECTIVES The aim of this study was to assess the 10-year outcomes of patients enrolled in the EXAMINATION

(A Clinical Evaluation of Everolimus Eluting Coronary Stents in the Treatment of Patients With ST-Segment Elevation

Myocardial Infarction) trial.

METHODS The EXAMINATION-EXTEND (10-Years Follow-Up of the EXAMINATION Trial) study is an investigator-driven

10-year follow-up of the EXAMINATION trial, which randomly assigned 1,498 patients with STEMI in a 1:1 ratio to receive

either EES (n ¼ 751) or bare-metal stents (n ¼ 747). The primary endpoint was a patient-oriented composite endpoint of

all-cause death, any myocardial infarction, or any revascularization. Secondary endpoints included a device-oriented

composite endpoint of cardiac death, target vessel myocardial infarction, or target lesion revascularization; the individual

components of the combined endpoints; and stent thrombosis.

RESULTS Complete 10-year clinical follow-up was obtained in 94.5% of the EES group and 95.9% of the bare-metal

stent group. Rates of the patient-oriented composite endpoint and device-oriented composite endpoint were signifi-

cantly reduced in the EES group (32.4% vs. 38.0% [hazard ratio: 0.81; 95% confidence interval: 0.68 to 0.96;

p ¼ 0.013] and 13.6% vs. 18.4% [hazard ratio: 0.72; 95% confidence interval: 0.55 to 0.93; p ¼ 0.012], respectively),

driven mainly by target lesion revascularization (5.7% vs. 8.8%; p ¼ 0.018). The rate of definite stent thrombosis was

similar in both groups (2.2% vs. 2.5%; p ¼ 0.590). No differences were found between the groups in terms of target

lesion revascularization (1.4% vs. 1.3%; p ¼ 0.963) and definite or probable stent thrombosis (0.6% vs. 0.4%;

p ¼ 0.703) between 5 and 10 years.

CONCLUSIONS At 10-year follow-up, EES demonstrated confirmed superiority in combined patient- and device-

oriented composite endpoints compared with bare-metal stents in patients with STEMI requiring primary

percutaneous coronary intervention. Between 5- and 10-year follow-up, a low incidence of adverse

cardiovascular events related to device failure was found in both groups. (10-Years Follow-Up of the EXAMI-

NATION Trial; NCT04462315) (J Am Coll Cardiol 2021;77:1165–78) © 2021 by the American College of Cardiology

Foundation.
N 0735-1097/$36.00 https://doi.org/10.1016/j.jacc.2020.12.059
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ABBR EV I A T I ON S

AND ACRONYMS

BMS = bare-metal stent(s)

CI = confidence interval

DES = drug-eluting stent(s)

EES = everolimus-eluting

stent(s)

HR = hazard ratio

PCI = percutaneous coronary

intervention

STEMI = ST-segment elevation

myocardial infarction

TLR = target lesion

revascularization
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S T-segment elevation myocardial
infarction (STEMI) is an emergency
clinical situation for which primary

percutaneous coronary intervention (PCI)
constitutes the standard of treatment (1). It
also represents a challenging clinical setting,
usually chosen to test new intracoronary de-
vices because of its thrombotic milieu (2,3).
First-generation drug-eluting stents (DES)
were shown to reduce clinical and angio-
graphic restenosis compared with bare-
metal stents (BMS) (4–6) at the expense of
an increased risk for very late stent throm-
bosis (7–9), caused mainly by incomplete
endothelialization, delayed arterial healing,
SEE PAGE 1179
and vessel remodeling due to chronic inflammation
(10–13).

The second-generation everolimus-eluting stent
(EES; Xience V, Abbott Vascular, Santa Clara, Cali-
fornia) was designed with a thin, nonadhesive, du-
rable, and biocompatible fluorinated copolymer
aimed to overcome the aforementioned limitations
(14). It has indeed exhibited a better clinical profile
compared with both BMS and first-generation DES in
many randomized clinical trials and meta-analyses
(15–17). On the basis of these studies, current guide-
lines recommend the use of second-generation DES in
the context of STEMI (1).

Nevertheless, there are still concerns about the
potential adverse long-term impact of durable-
polymer coatings in patients with STEMI (18). Au-
topsy studies and studies of patients presenting with
acute stent failure suggest that delayed arterial
healing and accelerated in-stent atherosclerosis may
be widespread months and years after stenting,
caused at least partly by an inflammatory reaction to
polymer coatings (16,19). Moreover, current evidence
is limited to 5-year follow-up, although the overall
life expectancy of most patients included in these
studies exceeded this follow-up time. Longer-term
follow-up beyond 5 years is required to determine the
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The EXAMINATION (A Clinical Evaluation of
Everolimus Eluting Coronary Stents in the Treatment
of Patients With ST-Segment Elevation Myocardial
Infarction) all-comers trial compared clinical out-
comes of EES and BMS placement in 1,498 patients
with STEMI (20). At 5-year follow-up, it demonstrated
a significant reduction in patient-oriented and
device-oriented composite endpoints in patients who
received EES compared with BMS (21). The present
study, the EXAMINATION-EXTEND (10-Years Follow-
Up of the EXAMINATION Trial) study, examined pa-
tient- and device-oriented composite endpoints after
10 years of follow-up in patients with STEMI
randomly assigned to EES or BMS in the EXAMINA-
TION trial, specifically focusing on the differences
between 5 and 10 years of follow-up.
METHODS

STUDY DESIGN AND PATIENTS. The EXAMINATION
trial (NCT00828087) was an all-comers, multicenter,
prospective, randomized, 2-arm, single-blind,
controlled trial conducted at 12 centers in 3 coun-
tries, with the aim of assessing the superiority of EES
versus BMS in patients with STEMI for the primary
endpoint, a patient-oriented composite endpoint of
all-cause death, any myocardial infarction, and any
revascularization at 1 year. The study had broad in-
clusion criteria and few exclusion criteria, to ensure
an all-comers STEMI population representative of
routine clinical practice. The EXAMINATION trial
included any adult patient presenting with STEMI
and meeting the following electrocardiographic
criteria: at least 1 mm in 2 or more standard leads or at
least 2 mm in 2 or more contiguous precordial leads or
new left bundle branch block within the first 48 h
after symptom onset that required emergency PCI
and a vessel size of 2.25 to 4.0 mm without other
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FIGURE 1 Flowchart of the Study Up to 10-Year Follow-Up

Assessed for eligibility
(n = 2,148)

Randomized  (n = 1,504)

Allocation

Enrollment

Allocated to EES (n = 752)
• Withdrew consent (n = 1)
• Included (n = 751)

Allocated to BMS (n = 752)
• Withdrew consent (n = 5)
• Included (n = 747)

Excluded (n = 644)
• Impossibility to obtain informed consent (n = 145)
• Not possible to comply with DAPT regimen (n = 70)
• Stent thrombosis (n = 63)
• Need for subsequent surgery (n = 59)
• Patient in transit (n = 54)
• Declined to participate (n = 52)
• Terminal status (n = 32)
• Inappropriate vessel size (n = 32)
• On anti-vitamin K treatment (n = 30)
• In another trial (n = 24)
• Drug abuse (n = 16)
• Other reasons (n = 90)

5-Year Follow-Up
Lost to follow-up (n = 16)
Withdrew consent (n = 4)

Lost to follow-up (n = 14)
Withdrew consent (n = 6)

10-Year Follow-Up

Lost to follow-up (n = 41) Lost to follow-up (n = 30)

Analysis

Analyzed (n = 710; 94.5%) Analyzed (n = 717; 95.9%)

A total of 1,504 patients were initially randomized 1:1 to receive either everolimus-eluting stents (EES) or cobalt-chromium bare-metal stents (BMS). At 10

years, clinical follow-up was obtained in 95.2% of the patients in both groups. DAPT ¼ dual antiplatelet therapy.
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anatomic restrictions. Exclusion criteria were age <18
years, pregnancy, long-term treatment with anti–
vitamin K agents, STEMI secondary to stent throm-
bosis, and known intolerance to aspirin, clopidogrel,
heparin, stainless steel, everolimus, or contrast ma-
terial. The rationale, design, and 1-year primary
endpoint results of the EXAMINATION trial have been
published previously, as have results at 2- and 5-year
follow-up (20–23).

The EXAMINATION trial completed follow-up at 5
years and was reinitiated as the EXAMINATION-
EXTEND study to evaluate patient- and device-
oriented composite endpoints at 10 years. The
EXAMINATION-EXTEND study is registered at Clin-
icalTrial.gov (NCT04462315) as an investigator-driven
extension of follow-up of the EXAMINATION trial.
Medical ethics committee approval for this study was
granted at the institutions of the principal in-
vestigators (Hospital Clinic and Hospital Bellvitge,
Barcelona, Spain). The requirement to obtain
informed consent to gather information on 10-year
events was waived, and follow-up was performed in

https://clinicaltrials.gov/ct2/show/NCT04462315


TABLE 1 Clinical Events Up to 10 Years

EES BMS HR (95%CI) p value

1-yr follow-up

Patient-oriented composite endpoint* 89 (11.9) 106 (14.2) 0.83 (0.62–1.09) 0.19

Device-oriented composite endpoint† 44 (5.9) 63 (8.4) 0.69 (0.48–0.10) 0.0568

Death‡ 26 (3.5) 26 (3.5) 0.99 (0.58–1.71) 1.00

Cardiac 24 (3.2) 21 (2.8) 0.67 (0.32–2.04) 0.76

Myocardial infarction§ 10 (1.3) 15 (2.0) 0.60 (0.22–1.64) 0.32

Target vessel related 8 (1.1) 15 (2.0) 0.44 (0.14–1.43) 0.14

Non–target vessel related 2 (0.3) 0 (0) 1.99 (0.18–21.95) 0.49

Revascularization 60 (8.0) 79 (10.6) 0.75 (0.54–1.05) 0.09

Target lesion 16 (2.1) 37 (5.0) 0.42 (0.24–0.76) 0.0032

Target vessel 28 (3.7) 51 (6.8) 0.54 (0.34–0.85) 0.0077

Non–target vessel 40 (5.3) 41 (5.5) 1.00 (0.64–1.5) 0.90

Definite stent thrombosis|| 4 (0.5) 14 (1.9) 0.28 (0.09–0.86) 0.0183

Definite/probable stent thrombosis|| 7 (0.9) 19 (2.5) 0.36 (0.15–0.87) 0.0197

5-yr follow-up

Patient-oriented composite endpoint* 159 (21.2) 192 (25.7) 0.80 (0.65–0.98) 0.033

Device-oriented composite endpoint† 88 (11.7) 113 (15.1) 0.75 (0.57–0.99) 0.043

Death‡ 65 (8.7) 88 (11.8) 0.72 (0.52–1.00) 0.047

Cardiac 47 (6.3) 55 (7.4) 0.84 (0.57–1.24) 0.37

Myocardial infarction§ 35 (4.7) 27 (3.6) 1.27 (0.77–2.10) 0.35

Target vessel related 21 (2.8) 23 (3.1) 0.90 (0.50–1.62) 0.71

Non–target vessel related 15 (2.0) 6 (0.8) 2.44 (0.95–6.29) 0.07

Revascularization 93 (12.4) 116 (15.5) 0.77 (0.59–1.01) 0.06

Target lesion 32 (4.3) 54 (7.2) 0.57 (0.37–0.89) 0.012

Target vessel 49 (6.5) 76 (10.2) 0.62 (0.43–0.89) 0.009

Non–target vessel 62 (8.3) 62 (8.3) 0.98 (0.69–1.39) 0.91

Definite stent thrombosis|| 12 (1.6) 18 (2.4) 0.65 (0.31–1.36) 0.25

Definite/probable stent thrombosis|| 15 (2.0) 23 (3.1) 0.64 (0.33–1.23) 0.18

10-yr follow-up

Patient-oriented composite endpoint* 243 (32.4) 286 (38.0) 0.81 (0.68–0.96) 0.013

Device-oriented composite endpoint† 97 (13.6) 129 (18.4) 0.72 (0.55–0.93) 0.012

Death‡ 140 (19.4) 172 (23.2) 0.81 (0.65–1.01) 0.061

Cardiac 86 (11.8) 81 (10.9) 1.07 (0.79–1.46) 0.649

Myocardial infarction§ 40 (5.5) 45 (6.2) 0.89 (0.58–1.36) 0.559

Target vessel related 22 (3.0) 30 (4.1) 0.73 (0.42–1.27) 0.262

Non–target vessel related 18 (2.4) 15 (2.0) 2.32 (0.60–8.97) 0.223

Revascularization 122 (16.5) 147 (19.9) 0.80 (0.63–1.02) 0.073

Target lesion 42 (5.7) 65 (8.8) 0.63 (0.43–0.93) 0.018

Target vessel 71 (9.6) 93 (12.5) 0.74 (0.54–1.01) 0.054

Non–target vessel 80 (10.2) 82 (10.9) 1.06 (0.69–1.63) 0.771

Definite stent thrombosis|| 16 (2.2) 19 (2.5) 0.83 (0.43–1.62) 0.590

Definite/probable stent thrombosis|| 19 (2.6) 26 (3.5) 0.72 (0.40–1.30) 0.277

Values are n (%) unless otherwise indicated. No corrections for multiple testing were applied. *Combined endpoint of all-cause death, any recurrent myocardial infarction, and
any revascularization (24). †Combined endpoint of cardiac death, target vessel myocardial infarction, and target lesion revascularization (24). ‡Death was adjudicated according
to the Academic Research Consortium definition (24). §Myocardial infarction was adjudicated according to the World Health Organization extended definition (25). ||Stent
thrombosis was defined according to the Academic Research Consortium definition (24).

BMS ¼ bare-metal stent; CI ¼ confidence interval; EES ¼ everolimus-eluting stent; HR ¼ hazard ratio.
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accordance with local law and the regulations of each
participating site and complied with the Declaration
of Helsinki.

RANDOMIZATION. All recruited patients were ran-
domized 1:1 to the EES (Xience V) or cobalt-chromium
BMS (Multilink Vision, Abbott Vascular) treatment
arm. The allocation schedule was based on computer-
generated random numbers. Central randomization
(by telephone) of randomly allocated blocks of 4 or 6
patients was stratified by center.

PROCEDURES. Both platforms (EES and BMS) have
the same design as the Multilink Vision stent. At the



FIGURE 2 10-Year Time-to-Event Curves for the Primary Endpoint of All-Cause Death, Any Recurrent Myocardial Infarction, or Any

Revascularization
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Cumulative 10-year incidence is shown with Kaplan-Meier yearly event rates. CI ¼ confidence interval; CIF ¼ cumulative incidence frequency;

HR ¼ hazard ratio; other abbreviations as in Figure 1.
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index procedure, anticoagulation was achieved using
either unfractionated heparin or bivalirudin. The use
of glycoprotein IIb/IIIa inhibitors was left to the
discretion of the operator. Administration of aspirin
(loading dose 250 to 500 mg) and clopidogrel (loading
dose of at least 300 mg) was required before PCI for
those patients not receiving long-term antiplatelet
treatment (neither prasugrel nor ticagrelor was
available at the time of recruitment). Clopidogrel
(75 mg/day) was prescribed for at least 1 year and
aspirin (100 mg) indefinitely. Manual thrombectomy
followed by direct stenting was the recommended
technique during PCI, although other devices could
also be used if considered necessary. Operators were
instructed to use only the randomly assigned stent
type for the index procedure. Patients with multi-
vessel disease necessitating staged PCI could also be
included. Staged procedures had to be done within
the first month following discharge and by the use of
the same stent as per randomization.
STUDY ENDPOINTS. The pre-specified primary
endpoint of the EXAMINATION-EXTEND study was
the patient-oriented composite endpoint of all-cause
death, any myocardial infarction, or any revasculari-
zation at 10 years according to the Academic Research
Consortium definition (24). Secondary endpoints
included a device-oriented composite endpoint of
cardiac death, target vessel myocardial infarction, or
target lesion revascularization (TLR) (24); all-cause
and cardiac death; target vessel revascularization;
and stent thrombosis (according to Academic
Research Consortium definitions) (24). Detailed de-
scriptions of the study endpoints and definitions have
been reported previously (22).

Patients were systematically evaluated at a clinical
visit or by telephone contact at 30 days, 6 months,



CENTRAL ILLUSTRATION Landmark Analysis of Patient- and Device-Oriented Outcomes After
ST-Segment Elevation Myocardial Infarction, According to Treatment Groups

Brugaletta, S. et al. J Am Coll Cardiol. 2021;77(9):1165–78.

Shown is a landmark analysis at 0 to 1, 1 to 5, and 5 to 10 years, with time-to-event curves for the incidence of the patient-oriented outcomes

(all-cause death, any myocardial infarction, or any revascularization) and of the device-oriented outcomes (cardiac death, target vessel

myocardial infarction, and target lesion revascularization). Whereas patient-oriented outcomes continued to increase over time, device-

oriented outcomes decreased.
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FIGURE 3 10-Year Time-to-Event Curves for the Device-Oriented Endpoint of Cardiac Death, Target Vessel Myocardial Infarction, or

Target Lesion Revascularization
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Cumulative 10-year incidence is shown with Kaplan-Meier yearly event rates. Abbreviations as in Figures 1 and 2.
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and 1 year and then annually up to 5 years. No
angiographic follow-up was mandated per protocol.
Extended 10-year follow-up was performed in the
setting of routine care by either telephone call or of-
fice visit.

Independent study monitors (ADKNOMA, Barce-
lona, Spain) verified the adequacy of the extended
follow-up and events reported, conducting auditing
among 50% of all patients included. All events were
adjudicated and classified by an independent event
adjudication committee blinded to the treatment
groups by reviewing source documents (including
angiograms) provided by each center (Barcicore Lab,
Barcelona, Spain).
STATISTICAL ANALYSIS. All analyses were per-
formed according to the intention-to-treat principle.
Patients with missing follow-up data were included in
the analysis and censored at the time they were lost
to follow-up or at 5 years if their recruiting hospitals
did not participate in 10-year follow-up. We analyzed
the 10-year patient-oriented composite endpoint us-
ing Kaplan-Meier curves, with a log-rank p values to
test between-group differences. We used Cox pro-
portional hazards models to estimate hazard ratios
(HRs) with 95% confidence intervals (CIs) comparing
EES with BMS. Landmark analyses were conducted in
the overall population, setting the landmark points at
1 and 5 years to distinguish the results of the EXAM-
INATION trial from the extended follow-up of the
EXAMINATION-EXTEND study. The same was done
for the device-oriented composite endpoint and for
the other secondary endpoints.

Subgroup analyses included the following speci-
fied variables: sex, age >75 years, presence of dia-
betes, post-PCI TIMI (Thrombolysis In Myocardial
Infarction) flow grade <3, multivessel disease, ejec-
tion fraction <30%, Killip class >I, ST-segment reso-
lution >70%, use of aspiration thrombectomy



FIGURE 4 TLR Versus Non-TLR
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catheters, primary PCI (STEMI <12 h), and the left
anterior descending coronary artery as the infarct-
related artery.

Two-tailed p values <0.05 were considered to
indicate statistical significance. P values and 95% CIs
presented in this report have not been adjusted for
multiplicity, and therefore inferences drawn from
these statistics may not be reproducible.
RESULTS

PATIENTS. Between December 31, 2008, and May 15,
2010, 1,504 patients with STEMI up to 48 h after the
onset of symptoms were recruited; 6 withdrew con-
sent after randomization. A total of 1,498 patients
were randomly assigned to receive either the EES (751
participants) or the BMS (747 participants). Baseline
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and procedural characteristics, well matched between
groups, have been published previously (20,21) and
are included in Supplemental Tables 1 to 4.

Information on 10-year outcomes was collected
between January 2019 and May 2020. One hospital,
which included 14 patients (0.9%), did not participate
in the EXAMINATION-EXTEND study. At 10 years,
complete clinical follow-up was obtained in 710 pa-
tients (94.5%) treated with EES and 717 patients
(95.9%) treated with BMS (Figure 1).

Clinical outcomes up to 10 years are presented in
Table 1. The primary patient-oriented composite
endpoint occurred in 243 patients (32.4%) in the EES
group and 286 patients (38.0%) in the BMS group (HR:
0.81; 95% CI: 0.68 to 0.96; p ¼ 0.013) (Figure 2). This
difference was driven mainly by a reduction in the
rate of any revascularization. Landmark analysis
identified that this difference was acquired during the
first 5 years of follow-up, whereas no difference was
found between 5 and 10 years (Central Illustration).

The device-oriented composite endpoint occurred
in 97 patients (13.6%) in the EES group and 129 pa-
tients (18.4%) in the BMS group (HR: 0.72; 95% CI:
0.55 to 0.93; p ¼ 0.012) (Figure 3). Landmark analysis
identified that this difference was acquired during the
first 5 years of follow-up, with low rates of events
between 5 and 10 years (Central Illustration). This
difference was driven mainly by a significant reduc-
tion in the rate of TLR, acquired during the first 5
years of follow-up, without any difference in the
landmark analysis between 5 and 10 years. Landmark
analyses of the individual components of the device-
oriented composite endpoint showed that between 5
and 10 years, there was no difference between groups
in terms of target vessel myocardial infarction or TLR.
Time-to-event curves for individual components of
the patient- and device-oriented composite end-
points and landmark curves are presented in the
Supplemental Appendix.

Regardless of type of stent implanted, non-TLR
occurred in a higher proportion of patients than TLR
(p ¼ 0.0007), especially in the first year and between
5 and 10 years (Figure 4). The findings for the patient-
oriented and device-oriented composite endpoints
were consistent across the stratified analysis, with a
significant interaction between diabetes and stent
outcomes (Figure 5).

At 10 years, the EES and BMS groups had compa-
rable rates of definite stent thrombosis (2.2% vs. 2.5%;
HR: 0.83; 95% CI: 0.43 to 1.62; p ¼ 0.59) and definite
or probable stent thrombosis (2.6% vs. 3.5%, respec-
tively; HR: 0.72; 95% CI: 0.40 to 1.3; p ¼ 0.27)
(Table 1). Kaplan-Meier estimates for definite or
probable stent thrombosis and landmark analysis
(0 to 1, 1 to 5, and 5 to 10 years) are presented in
Figure 6. Time-to-event curves for any and definite
stent thrombosis and landmark analyses (0 to 1, 1 to 5,
and 5 to 10 years) are presented in the Supplemental
Appendix.

DISCUSSION

We herein report the 10-year outcomes of everolimus-
eluting durable-polymer second-generation DES in
the context of patients with STEMI undergoing pri-
mary intervention. The main findings of this very
long-term follow-up can be summarized as follows: 1)
the EES was superior to the BMS for the patient- and
device-oriented composite endpoints; 2) the benefit
of the EES was driven mainly by a reduction in the
rate of TLR; 3) this advantage was acquired during the
first 5 years of follow-up, without any attrition of the
benefit over the BMS between 5 and 10 years; and 4)
the rate of definite or probable stent thrombosis was
similar between the EES and BMS at 10 years. Spe-
cifically, the incidence of definite or probable stent
thrombosis was mitigated with time, and it was very
low between 5 and 10 years in both groups.

Randomized clinical trials comparing stents in pa-
tients with coronary artery disease usually have
limited follow-up duration. As stent failure is expected
to occur within 12 months, and because of logistical
and funding challenges, only a few trials have follow-
up longer than 1 year, occasionally up to 5 years (25).
Although most patients enrolled in clinical trials are in
middle age with a long life expectancy (21), data
beyond 5 years are currently scarce to further investi-
gate whether the implantation of new-generation DES
results in persistent attenuation of clinical events or to
capture very late events, especially those related to the
development of neoatherosclerosis, which takes a long
time to occur in DES (11,19).

EXAMINATION-EXTEND is the first study reporting
10-year outcomes after primary PCI with second-
generation DES compared with BMS, analyzing the
full lifecycle risk for adverse events associated with
coronary stents. Our study has the strength of having
complete 10-year follow-up in 95% of patients
included, with all events adjudicated by dedicated
study personnel. Besides, our study represents very
long-term follow-up of patients with STEMI treated
with durable-polymer EES, which are frequently used
in clinical practice, whose safety beyond 5 years has
not yet been documented. There are indeed still
concerns about the potential adverse long-term
impact of durable-polymer coatings, with studies
suggesting delayed arterial healing and accelerated
in-stent atherosclerosis caused at least partly by an

https://doi.org/10.1016/j.jacc.2020.12.059
https://doi.org/10.1016/j.jacc.2020.12.059
https://doi.org/10.1016/j.jacc.2020.12.059
https://doi.org/10.1016/j.jacc.2020.12.059


FIGURE 5 Subgroup Analysis

Subgroups
No. Events (%)

Patient-Oriented Endpoint (All-Cause Death, All Myocardial Infarction, All Revascularization)
 at 10 Years in Subgroups

Relative Risk (95% CI)
EES BMS p-value RR (95% CI) EES Better BMS Better

p-Value for
Interaction

Male 197/634 (31%) 229/610 (38%) 0.016 0.83 (0.71-0.97)

<75 years 166/638 (26%) 194/615 (32%) 0.031 0.82 (0.69-0.98)
�75 years 77/113 (68%) 92/132 (70%) 0.793 0.98 (0.83-1.16)

<30% ejection fraction 6/10 (60%) 3/5 (60%) 1.000 1.00 (0.42-2.40)
�30% ejection fraction 170/531 (32%) 191/510 (37%) 0.066 0.85 (0.72-1.01)

No diabetes 184/613 (30%) 225/626 (36%) 0.027 0.84 (0.71-0.98)
Diabetes 59/137 (43%) 61/121(50%) 0.238 0.85 (0.66-1.11)

No thrombectomy catheter 91/256 (36%) 107/266 (40%) 0.271 0.88 (0.71-1.10)
Thrombectomy catheter 152/495 (31%) 179/481 (37%) 0.032 0.83 (0.69-0.98)

Primary PCI (STEMI <12h) 202/630 (32%) 243/638 (38%) 0.025 0.84 (0.72-0.98)
No Primary PCI 41/121 (34%) 43/108 (40%) 0.353 0.85 (0.61-1.20)

Single-vessel disease 203/651 (31%) 239/659 (36%) 0.052 0.86 (0.74-1.00)
Multivessel disease 40/100 (40%) 47/88 (53%) 0.066 0.75 (0.55-1.02)

TIMI flow <3 post procedure 19/50 (38%) 23/47 (49%) 0.277 0.78 (0.49-1.23)
TIMI flow 3 post procedure 224/699 (32%) 261/697 (37%) 0.034 0.86 (0.74-0.99)

ST-resolution >70% 121/414 (29%) 152/438 (35%) 0.087 0.84 (0.69-1.03)
ST-resolution �70% 100/264 (38%) 103/236 (44%) 0.190 0.87 (0.70-1.07)

Killip class >1 on admission 37/80 (46%) 45/76 (59%) 0.105 0.78 (0.58-1.06)
Killip class 1 on admission 205/669 (31%) 240/668 (36%) 0.040 0.85 (0.73-0.99)

Culprit lesion not in LAD 140/428 (33%) 169/442 (38%) 0.088 0.86 (0.71-1.02)
Culprit lesion in LAD 103/323 (32%) 117/305 (38%) 0.089 0.83 (0.67-1.03)

Overall 243/751 (32%) 286/747 (38%) 0.017 0.85 (0.74-0.97)

Female 46/117 (39%) 57/137 (42%) 0.711 0.94 (0.70-1.28)
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Subgroup analysis for the 10-year rate of the patient-oriented composite endpoint (A) and device-oriented composite endpoint (B) among patients randomized to EES

or BMS is shown. LAD ¼ left anterior descending coronary artery; PCI ¼ percutaneous coronary intervention; RR ¼ relative risk; STEMI ¼ ST-segment elevation

myocardial infarction; TIMI ¼ Thrombolysis In Myocardial Infarction; other abbreviations as in Figure 1.

Continued on the next page
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inflammatory reaction to polymer coatings, which
may take years to accrue. These concerns have redir-
ected research in this field toward biodegradable-
polymer-based metallic DES, polymer-free DES, and
completely bioresorbable scaffolds (19). Our findings
may dispel these concerns.

At 10-year follow-up, EES are confirmed to be su-
perior to BMS in patients with STEMI, in terms of both
patient- and device-oriented composite endpoints.
Although the use of BMS has virtually ceased in many
countries worldwide, our findings are of interest
because they provide reassuring data regarding the
long-term safety of durable-polymer EES beyond 5
years in patients with STEMI. The superiority of the
EES over the BMS was driven by reduced rate of
revascularization. As matter of fact, the benefit
gained by EES during the first 5 years of follow-up
was maintained thereafter, without any additional
value in this extended follow-up from 5 to 10 years. A
significant interaction was found between diabetes
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84/634 (13%) 101/610 (17%) 0.101 0.80 (0.61-1.05)

66/638 (10%) 90/615 (15%) 0.022 0.71 (0.52-0.95)
31/113 (27%) 39/132 (30%) 0.715 0.93 (0.62-1.38)

2/10 (20%) 2/5 (40%) 0.560 0.50 (0.10-2.58)
65/531 (12%) 82/510 (16%) 0.076 0.76 (0.56-1.03)

68/613 (11%) 109/626 (17%) 0.001 0.64 (0.48-0.84)
29/137 (21%) 20/121(17%) 0.343 1.28 (0.77-2.14)

41/256 (16%) 55/266 (21%) 0.169 0.77 (0.54-1.12)
56/495 (11%) 74/481 (15%) 0.061 0.74 (0.53-1.02)

77/630 (12%) 112/638 (18%) 0.008 0.70 (0.53-0.91)
20/121 (17%) 17/108 (16%) 0.872 1.05 (0.58-1.90)

83/651 (13%) 109/659 (17%) 0.052 0.77 (0.59-1.00)
14/100 (14%) 20/88 (23%) 0.121 0.62 (0.33-1.15)

8/50 (16%) 14/47 (30%) 0.105 0.54 (0.25-1.16)
89/699 (13%) 113/697 (16%) 0.065 0.79 (0.61-1.02)

48/414 (12%) 73/438 (17%) 0.034 0.70 (0.50-0.98)
40/264 (15%) 45/236 (19%) 0.244 0.79 (0.54-1.17)

18/80 (23%) 21/76 (28%) 0.459 0.81 (0.47-1.41)
79/669 (12%) 107/668 (16%) 0.026 0.74 (0.56-0.97)

59/428 (14%) 74/442 (17%) 0.225 0.82 (0.60-1.13)
38/323 (12%) 55/305 (18%) 0.027 0.65 (0.44-0.96)

97/751 (13%) 129/747 (17%) 0.021 0.75 (0.59-0.95)

13/117 (11%) 28/137 (20%) 0.059 0.54 (0.30-1.00)
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and stent outcomes. Considering that 20 subgroup
analyses were performed for the 2 endpoints of in-
terest and that this statistically significant interaction
for the device-oriented composite endpoint is not
matched by an interaction of the patient-oriented
composite endpoint (p ¼ 0.92), this finding may be
explained by the play of chance.

Specifically looking at mortality, comparing the 2
devices, there was a trend toward a lower incidence
of all-cause death with the EES compared with the
BMS. This difference, which was already present at 5
years (21), cannot be explained by an increased rate of
cardiac death and may be a play of chance.
Similar trends were observed for the revasculari-
zation and TLR endpoints, for which the early
advantage of EES over BMS acquired during the first
year after implantation was still maintained at
10-year follow-up (20,21). Either between 1 and 5
years or between 5 and 10 years, the rate of TLR was
similar in both groups, which may suggest that the
differing healing process immediately following stent
implantation may be responsible for the variability in
terms of revascularization between the 2 devices, but
once this process is over, no additional advantage of
either stent may be seen. In any case, this finding
dispels any concern regarding a restenosis “late



FIGURE 6 Ten-Year Time-to-Event Curves for Definite or Probable Stent Thrombosis
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Abbreviations as in Figures 1 and 2.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: In patients with STEMI undergoing PCI, deployment of

EES was associated with better clinical outcomes than BMS im-

plantation after 10-year follow-up, though event rates were low

between 5 and 10 years.

TRANSLATIONAL OUTLOOK: Future studies should focus on

the prevention of events unrelated to the initial culprit lesion

during the years following acute management of patients with

STEMI.
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catch-up” phenomenon, as initially suspected with
EES on the basis of the 2-year imaging outcome data
from SPIRIT II (Clinical Evaluation of the Xience V
Everolimus Eluting Coronary Stent System in the
Treatment of Patients with de novo Native Coronary
Artery Lesions) (26). The reduced 1-year incidence of
EES thrombosis over BMS may have also contributed
to build up this early EES advantage. The fluoropol-
ymer coating present on the EES may result in
greater thromboresistance relative to the BMS
because of a phenomenon called fluoropassivation
(27). This is especially relevant in the context of
STEMI, in which the dissolution of the thrombus
behind the struts may lead to a high incidence of late
acquired malapposition (28,29). Of note, this early
advantage of EES over BMS in terms of thrombosis
dissipated over the 10 years of follow-up with,
notably, a low incidence of very late stent throm-
bosis in both groups (about 0.1% to 0.2% yearly).
Given the consistency of the results across multiple
stents and in either a stable or STEMI population, the
prior fears of late thrombosis with permanent poly-
mer should be put to rest. Of note, between 1 and 10
years, there was a numeric excess of stent throm-
bosis in the DES arm; given the underpowered na-
ture of this analysis, this may be due to chance, and
one cannot exclude a rare increase in inflammation
or neoatherosclerosis in the DES arm.

Last but not least, it should be emphasized, in line
with previous observations, that the rate of any
revascularization was 2-fold higher than the rate of
TLR and that long-term mortality is driven mainly by
noncardiac death, with a temporal switch from pre-
dominantly cardiac to predominantly noncardiac
death (30,31). These findings suggest that athero-
sclerotic disease progression and comorbidities are
stronger prognostic factors for patient-related out-
comes than recurrent events in the intervened lesion.
For all these reasons, it should be noted that sec-
ondary prevention measures and a holistic approach
in the care of patients with STEMI should be an
important part of future clinical investigations (32)
(Central Illustration).

STUDY LIMITATIONS. The outcomes of this trial refer
to patients with STEMI treated with aspirin and 1 year
of clopidogrel as dual antiplatelet therapy. The po-
tential role of ticagrelor or prasugrel in the further
prevention of events (e.g., stent thrombosis, recur-
rent myocardial infarction, mortality) in this context
was not evaluated, because these therapies were not
available at the time of recruitment. Data on pro-
longed dual antiplatelet therapy beyond 5 years were
not collected, so any effect on outcomes cannot
be evaluated.

CONCLUSIONS

In this unique 10-year follow-up study, among pa-
tients with STEMI requiring emergency primary PCI,
the use of durable-polymer-based EES was associated
with reductions in patient-oriented and device-
oriented composite endpoints compared with BMS.
In particular, this advantage was built up during the
first years of follow-up, without further divergence of
outcomes between 5 and 10 years. A low incidence of
TLR and stent thrombosis was registered in both
groups between 5 and 10 years. These results may be
taken as a landmark reference for the future evalua-
tion of new devices and clinical approaches in pa-
tients with STEMI.
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