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Abstract
Aims: To provide clinical outcome data from everyday practice for the new generation Resolute zotarolimus-
eluting stent (R-ZES).

Methods and results: Patients were eligible if placement of ≥1 R-ZES was intended. There were no restric-
tions on clinical indication, number of treated vessels, and lesion characteristics. The primary endpoint was 
the adjudicated cumulative 1-year incidence of cardiac death and target vessel myocardial infarction. Twenty-
five per cent of the patients were randomly selected for monitoring. We recruited 2,349 patients with 3,147 
lesions (1.6±1.0 stents per patient); 46.0% of patients had acute coronary syndrome, 30.5% were diabetic, 
and ≥1 complex criterion for stent placement was present in 67.5% of patients. One-year follow-up was 
complete in 97.9% of patients. The 1-year incidence of the primary endpoint was 4.3% (95% CI: 3.5% to 
5.2%) and for ARC definite and probable stent thrombosis, 0.9% (0.5% to 1.3%). Clinically driven target 
lesion revascularisation and target lesion failure were 3.4% (2.7% to 4.3%) and 7.0% (6.0% to 8.2%), respec-
tively. These findings were consistent across all lesion and patient subsets analysed. There were no significant 
differences in outcomes between monitored and unmonitored patients.

Conclusions: In everyday practice, the R-ZES performed similarly well as in the RESOLUTE All Comers 
randomised trial.
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Introduction
The new-generation Resolute zotarolimus-eluting stent (R-ZES; 
Medtronic Inc., Minneapolis, MN, USA) has been developed with 
design features that favour deliverability and reduce late lumen 
loss compared with previous stent design, without compromising 
safety. The recently published RESOLUTE All Comers trial 
delineated the efficacy of the R-ZES.1 With 2,292 patients ran-
domised, RESOLUTE All Comers demonstrated non-inferiority 
of the R-ZES compared with an everolimus-eluting stent 
(XIENCE V; Abbott Vascular, Santa Clara, CA, USA) with respect 
to the cumulative 1-year incidence of target lesion failure. Moreo-
ver, there were no significant differences between the two stents 
in terms of death from cardiac causes, any myocardial infarction 
(MI), or target vessel revascularisation (TVR) within 12 months. 
Nevertheless, the RESOLUTE All Comers study was not powered 
to show a difference in the incidence of rare events, such as stent 
thrombosis.

The RESOLUTE International trial was designed to expand the 
safety data for the new-generation R-ZES, specifically with 
respect to cardiovascular death and target vessel MI, and to pro-
vide clinical outcome data from everyday practice in academic 
and non-academic coronary intervention centres in 17 countries 
throughout the world.

Methods
StuDY DESIgn, pOpulAtIOn, AnD pROCEDuRE
The RESOLUTE International trial is a prospective, multicentre, 
observational registry, in which 2,349 patients with symptomatic 
coronary artery disease were enrolled at 88 centres in Argentina, 
Europe, India, and South Africa, between 28 August 2008 and 19 
March 2009. Inclusion criteria were broad in order to include an 
unselected cohort of patients treated in everyday practice. There 
were no restrictions on clinical indication (stable angina vs. acute 
coronary syndromes), number of treated vessels and lesions, lesion 
type, or lesion length. Patients were eligible for enrolment into the 
study if they had provided written informed consent or signed 
a patient data release form, and if it was the intention to implant ≥1 
new-generation R-ZES. Exclusion criteria were pregnancy, unwill-
ingness to adhere to follow-up requirements, and concurrent par-
ticipation in another trial that could affect the study procedures.

Patients were to be treated with ≥1 new-generation R-ZES, 
which elutes zotarolimus from a biocompatible combination of pol-
ymers over six months; the design of this stent has been described 
previously.2 Patients were treated according to routine practices in 
the local hospitals, including the stent implantation procedure. 
Although a mixture of stent types was discouraged, the use of non-
study stents was left to the operator’s discretion.

Recommended use of dual antiplatelet therapy (DAPT) included 
aspirin 75 mg for three days prior to the procedure or a periproce-
dural loading dose of at least 250 mg; and clopidogrel 75 mg for 
three days prior to the procedure or a periprocedural loading dose of 
at least 300 mg. The post-procedure regimen included 75 mg aspi-
rin daily indefinitely and clopidogrel 75 mg daily for at least six 

months. Continuation of DAPT beyond six months was at the treat-
ing clinician’s discretion.

Lesion characteristics for the index procedure were determined 
by visual estimation, and angiographic follow-up was not required. 
If available, all angiograms related to an event were sent to the 
independent Clinical Events Committee (CEC; coordinated by 
Cardiovascular Research Foundation, New York, NY, USA) as part 
of the adjudication process. Cardiac enzymes, including creatine 
kinase (CK), its myocardial band isoenzyme (CK-MB), and tro-
ponin, were measured post-procedure according to the implanting 
centre’s standard procedures. If the total CK concentration was 
within normal limits, CK-MB did not need to be measured, unless 
guided by local hospital procedures. For all MI events, peak CK 
and CK-MB values were collected.

Clinical follow-up, either by telephone or in clinic, was carried 
out at 30 days, six months, and one year.

The study was conducted in accordance with the Declaration of 
Helsinki, and local ethics committees, if required, approved the 
study. Alternatively, investigators signed a statement before patient 
enrolment confirming that no ethics committee approval was 
required and that this approach was in accordance with local 
regulations.

DEfInItIOnS
The primary endpoint was a composite of cardiac death and target 
vessel Q-wave or non-Q-wave MI at one year. The main secondary 
endpoint was definite and probable stent thrombosis, according to 
the Academic Research Consortium (ARC) definition,3 at one year.

All MI data were reported based on extended historical defini-
tions.4 The extended historical definition was developed to better 
accommodate unselected populations by considering initial clinical 
setting in various scenarios, and is consistent across the entire 
RESOLUTE Global Clinical Program, in order to harmonise the 
clinical event adjudications. For the same reason, the definition of 
the primary endpoint was based on the historical definition of MI. 
Any MIs not clearly attributable to a non-target vessel were counted 
as target vessel MI.

The CEC adjudicated the following events: death (cardiac, vas-
cular, and non-cardiovascular), MI (Q-wave MI and non-Q-wave 
MI), revascularisation (all target lesion revascularisations [TLRs] 
and TVRs, with the assessment of clinically driven versus non-clin-
ically driven), and stent thrombosis (according to historical and 
ARC definitions).

As part of the harmonisation of the CEC responsible for adju-
dication of events in the various trials in the RESOLUTE Global 
Clinical Program, 100 primary endpoint events were sent to 
Harvard Clinical Research Institute (Boston, MA, USA) for 
cross-adjudication. Any inconsistent adjudication result was dis-
cussed at the Global Oversight Committee, which comprised 
three parties (Cardiovascular Research Foundation [New York, 
NY, USA], Harvard Clinical Research Institute, and Cardialysis 
[Rotterdam, The Netherlands]) until consensus was reached. 
The CEC-Global Oversight Committee was organised to ensure 
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consistency in clinical data review and to harmonise the inter-
pretation of event definitions across the CECs of the RESOLUTE 
studies.

Additional secondary composite endpoints that were assessed at 
30 days, six months, and one year included: death from any cause; 
target lesion failure, defined as death from cardiac causes, any MI, or 
clinically driven TLR; major adverse cardiac events, defined as 
death, MI (Q-wave or non-Q-wave), emergent coronary artery bypass 
surgery, or repeat clinically driven target lesion percutaneous or sur-
gical revascularisation;3 target vessel failure, defined as death from 
cardiac causes, any MI (not clearly attributable to a non-target ves-
sel), or clinically driven TVR; and a patient-oriented composite end-
point, defined as death from any cause, any MI (Q-wave and 
non-Q-wave), or any revascularisation.5

Device success was defined as the attainment of <50% residual 
stenosis of the target lesion using only the R-ZES. If a non-study 
stent or no stent was placed because of device failure of the R-ZES, 
subsequent events were counted as endpoints according to the 
intent-to-treat principle.

As in the RESOLUTE All Comers trial,1 complex use of the 
study stent was defined by the following criteria, which were con-
sidered off-label when the study was designed: placement of a stent 
in a patient with ≥1 of the following clinical or lesion characteris-
tics: renal insufficiency, ejection fraction of <30%, occurrence of 
acute MI within the previous 72 hours, >1 lesion per vessel, ≥2 ves-
sels with stents, a lesion measuring >27 mm in length, bifurcation, 
bypass grafts, in-stent restenosis, unprotected left main artery, 
lesions with thrombus, or total occlusion.

DAtA COllECtIOn AnD MAnAgEMEnt
All clinical data were collected prospectively and documented in 
a web-based case report form. For quality control purposes, study 
monitors visited all sites, and verified all source data for a random 
selection of 25% of the enrolled patients. In addition, remote data 
monitoring was done through an on-line system. An independent 
data safety and monitoring board provided periodic study review.

StAtIStICAl MEthODS
The primary analytical population (intention-to-treat set) consisted 
of all enrolled patients in whom an R-ZES was attempted and/or 
implanted. Preliminary results from the E-Five registry suggest 
a rate of approximately 3% for cardiac death and MI at 12 months 
in an unselected population.6 With this assumption, a sample size of 
2,200 patients will provide a 95% confidence interval with a mar-
gin of error of <0.8% for the primary endpoint, which allows for a 
maximum rate of 5% patients lost to follow-up. Categorical varia-
bles are reported using percentages and counts, and continuous 
variables as means±standard deviations (SDs). Event rates were 
calculated based on the number of patients with completed follow-
up at the respective time point. Fisher’s exact test was used to cal-
culate 95% confidence intervals for binary variables. In addition, 
cumulative event rates were calculated and graphically described 
according to the Kaplan-Meier method.

Table 1. Characteristics of the patients at baseline (n=2,349 patients).

Variable

Demographic

Age (yrs) 63.5±11.2

Male sex (%) 77.8

Coexisting condition (%)

Diabetes mellitus 30.5

Arterial hypertension 68.0

Hyperlipidaemia 63.9

Cardiac risk factor (%)

Current smoker 24.2

Premature coronary artery disease in 
first-degree relative

31.4*

Previous myocardial infarction 27.0

Previous percutaneous coronary 
intervention

29.6

Previous coronary artery bypass grafting 8.4

Clinical characteristic (%)

Stable angina 37.4

Unstable angina 26.1

Myocardial infarction (any) 29.7

ST-elevation myocardial infarction (<72h) 10.7

ST-elevation myocardial infarction (<12h) 7.0

Left ventricular ejection fraction <30% 3.2¶

Target vessel location (%)

Left main artery 2.6

Left anterior descending artery 51.0

Left circumflex artery 27.5

Right coronary artery 32.5

Bypass graft 1.8

Complex stent use 67.5

Complexity of coronary artery disease (per patient) (%)‡

At least one small vessel (reference vessel 
diameter ≤2.75 mm)

45.4

At least one lesion length >18 mm 46.4

At least one bifurcation 21.8

At least one bifurcation or trifurcation 21.8

At least one chronic total occlusion 7.9

At least one in-stent restenosis 8.1

Data are presented as mean±standard deviation for age; 
*Denominator=1,801; ¶ Denominator=1,545; ‡ Site reported

Results
pAtIEnt pOpulAtIOn AnD fOllOW-up
The RESOLUTE International study comprised 2,349 patients 
with 3,147 lesions. Table 1 summarises the baseline demograph-
ics of these patients. The mean age of these patients was 63.5 
years and 77.8% were male. The study comprised the entire clini-
cal spectrum of coronary artery disease. Almost one half (46.0%) 
of the patients had an acute coronary syndrome; 27.0% presented 
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with MI. Moreover, the study comprised a high proportion of 
patients with diabetes (30.5%). Most of the lesions were located 
in the left anterior descending artery, but left main lesions were 
also treated in 2.6% as well as lesions in bypass grafts in 1.8%. 
Overall, 57.1% of the lesions were classified as complex (Ameri-
can College of Cardiology/American Heart Association type 
B2/C), including chronic total occlusions in 6.3% and bifurcation 
lesions in 18.2% (on a lesion level). Almost one half of the 
patients had lesions that were ≤2.75 mm in diameter or >18 mm in 
length (Table 1). In more than two thirds of the patients, stent use 
met one of the predefined complexity criteria. Table 2 summa-
rises the procedural characteristics. Multiple vessel intervention 
was performed in 14.0% of patients.

On average, 1.3 lesions were treated with 1.6 stents per patient. 
Clinical follow-up was complete in 99.8% of the patients at day 30, 
in 99.4% at six months, and in 97.9% at 12 months. At 30 days, 
96.9% of the patients were on DAPT. The proportion was 95.6% at 
six months and 91.3% at 12 months.

ClInICAl OutCOMES
Table 3 and Figure 1 summarise clinical outcomes. The composite 
cumulative incidence of cardiac death and target vessel MI, the pri-
mary endpoint of the study, was reached in 4.3% (95% CI: 3.5% to 
5.2%) of patients (Table 3). As shown in Figure 1, most of the 
events occurred early, with an incidence of the primary endpoint of 

Table 2. Characteristics of revascularisation procedures* 
(n=3,147 lesions).

Variable

Before index procedure

Lesion length, mm 18.8±10.8¶

Reference vessel diameter, mm 2.9±0.5

Minimum lumen diameter, mm 0.5±0.4

Percent diameter stenosis, mean±SD (%) 84.5±12.1

Thrombus (%) 12.0

Moderate or heavy calcification (%) 40.0

TIMI score of 0 or 1 (%) 19.0

After index procedure

Stents per patient 1.6±1.0

Stents per lesion 1.2±0.5

Stent length per patient, mm 30.9±20.5

Stent length per lesion, mm 23.1±12.4

Received study stent only (%) 97.1

Successful outcome‡ (%)

Lesion 99.9

Device 96.6

Procedure 97.1

*Site reported; ¶n=3,122; ‡Definitions for lesion, device, and procedural 
success are provided in the Methods section of the Supplementary 
Appendix of reference1; TIMI: Thrombolysis In Myocardial Infarction

Figure 1. Kaplan–Meier estimates for cumulative incidence with 
95% confidence intervals for the primary endpoint (cardiac death 
and target vessel myocardial infarction), definite and probable stent 
thrombosis, target lesion revascularisation, and target lesion failure. 
ARC Def/Prob ST: Academic Research Consortium definite/probable 
stent thrombosis; MI: myocardial infarction; TLF: target lesion 
failure; TLR: target lesion revascularisation
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2.9% at 30 days and of 1.3% from day 31 to 1-year follow-up. The 
incidence of cardiac death was 1.4%. Thus, target vessel MI consti-
tuted the majority of primary endpoint events and reached a cumu-
lative incidence of 3.1% at 1-year follow-up (Table 3); 37 (1.6%) of 
the 71 target vessel MI occurred periprocedurally.

At one year, the cumulative composite incidence of ARC definite 
and probable stent thrombosis, the main secondary endpoint of the 
study, was 0.9% (Figure 1, Table 3). Similar to the primary end-
point, most definite and probable stent thromboses occurred within 
the first 30 days (0.7%), whereas the incidence of definite and prob-
able stent thrombosis from day 31 to the end of follow-up was 0.1% 
(Figure 1). During 1-year follow-up, TLR was needed in 3.4% of 
the patients (Figure 1, Table 3). The 1-year incidences of target 
lesion failure (TLF) and major adverse cardiac events were 7.0% 
and 8.2%, respectively (Table 3).

As shown in Figure 2, the incidences of the primary endpoint as 
well as TLR were consistent throughout various lesion subsets and 
clinical characteristics. There was a trend towards higher inci-
dences of the primary endpoint in diabetic patients (5.3% vs. 3.8% 
in non-diabetic patients, p=0.12).

Per protocol, 586 randomly selected patients were monitored. 
Almost all of the baseline characteristics of monitored and unmoni-
tored patients were not significantly different (data not shown). 
Exceptions were a higher frequency of MI >72 hours, ST elevation 
<12 hours, and left main vessel location, and a lower frequency of 
stable angina and side-branch stenting only, among monitored 
patients. As shown in Table 4, outcomes for monitored and unmon-
itored patients did not differ significantly, with point estimates for 
the differences ranging from 0.3% for cardiac death to 0.8% for tar-
get vessel failure.
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Table 3. Clinical outcomes at 12 months in the intention-to-treat 
population (n=2,299).

Outcome n (%) 95% CI

Cardiac death or target vessel myocardial infarction* 98 (4.3) (3.5, 5.2%)

Death

From any cause 56 (2.4) (1.8, 3.2)

Cardiac death 33 (1.4) (1.0, 2.0)

Target vessel myocardial infarction* 71 (3.1) (2.4, 3.9)

Q-wave 12 (0.5) (0.3, 0.9)

Non-Q-wave 59 (2.6) (2.0, 3.3)

All TLRs 80 (3.5) (2.8, 4.3)

Clinically driven TLR 79 (3.4) (2.7, 4.3)

PCI 72 (3.1) (2.5, 3.9)

CABG 8 (0.3) (0.2, 0.7)

Non-clinically driven TLR 1 (0.0) (0.0, 0.2)

PCI 1 (0.0) (0.0, 0.2)

CABG 0 (0.0) (0.0, 0.2)

Myocardial infarction¶ 130 (5.7) (4.7, 6.7)

 Periprocedural myocardial infarction¶ 51 (2.2) (1.6, 2.8)

Clinically driven TVR 97 (4.2) (3.4, 5.1)

PCI 90 (3.9) (3.2, 4.8)

CABG 8 (0.3) (0.2, 0.7)

All TVRs (including non-clinically driven) 98 (4.3) (3.5, 5.2)

Non-clinically driven TVR 1 (0.0) (0.0, 0.2)

Non-clinically driven CABG 0 (0.0) (0.0, 0.2)

Non-clinically driven PCI 1 (0.0) (0.0, 0.2)

Target lesion failure 162 (7.0) (6.0, 8.2)

Major adverse cardiac event‡ 188 (8.2) (7.1, 9.4)

Target vessel failure 177 (7.7) (6.6, 8.9)

Patient-oriented composite endpoint¶ 291 (12.7) (11.3, 14.1)

Definite stent thrombosis (0-360 days)¶ 15 (0.7) (0.4, 1.1)

Acute (0-1 day) 2 (0.1) (0.0, 0.3)

Subacute (2-30 days) § ** 10 (0.4) (0.2, 0.8)

Late (31-360 days)¶¶ 3 (0.1) (0.0, 0.4)

Probable stent thrombosis (0-360 days)¶ 6 (0.3) (0.1, 0.6)

Acute (0-1 day) 1 (0.0) (0.0, 0.2)

Subacute (2-30 days) § 5 (0.2) (0.1, 0.5)

Late (31-360 days) 0 (0.0) (0.0, 0.2)

Stent thrombosis (0-360 days)¶

Possible** ¶¶ 17 (0.7) (0.4, 1.1)

Definite or probable 20 (0.9) (0.5, 1.3)

Definite, probable, or possible 35 (1.5) (1.1, 2.1)

*Determined on the basis of the extended historical definition4; ¶Determined on the basis 
of the Academic Research Consortium definition3; ‡Major adverse cardiac events included 
any death, Q-wave or non-Q-wave MI, emergent coronary bypass surgery, or repeat TLR 
(clinically-driven) by percutaneous or surgical methods; ¶ Patient-related outcome included 
any death, any MI, or any revascularisation5; §One patient had a definite stent thrombosis 
on day 6, and a probable stent thrombosis event on day 22; **One patient had a definite 
stent thrombosis on day 22 and a possible stent thrombosis on day 251; ¶¶One patient had 
a definite stent thrombosis on day 62 and a possible stent thrombosis on day 64; CABG: 
coronary artery bypass graft; CI: confidence interval; PCI: percutaneous coronary 
intervention; TLR: target lesion revascularisation; TVR: target vessel revascularisation

Discussion
The RESOLUTE International Registry yields additional safety 
data for the new-generation R-ZES. Despite complex use of the 
R-ZES in 67% of the patients and a prevalence of diabetes mellitus 
of 30%, cardiovascular death and target vessel MI, our primary 
endpoint, were noted in only 4.3% of the patients at one year. More-
over, the 1-year incidence of ARC definite and probable stent 
thrombosis was 0.9%. Importantly, most of these events occurred 
soon after intervention, suggesting that at least some were proce-
dure-related. Overall in our study, target lesion reintervention rates 
were low, which further confirms the efficacy of the R-ZES in mini-
mising neointima formation. Our study results need to be consid-
ered in face of the lesion complexity in this study, with 57% type 
B2/C lesions, 46% of patients with lesions >18 mm, 45% of patients 
with vessel sizes ≤2.75 mm, and 22% of patients with bifurcation 
lesions.

The RESOLUTE International Registry corroborates the main 
results of the randomised RESOLUTE All Comers trial.1 With 
respect to target lesion failure (TLF), the RESOLUTE All Comers 
trial demonstrated non-inferiority of the new-generation R-ZES 
compared with an everolimus-eluting stent. In the current study, 
TLF was numerically even lower than in the randomised trial (7.0% 
vs. 8.2%). Consistent results were also obtained for TVF (7.7% vs. 
9.0%), clinically driven TLR (3.4% vs. 3.9%), and clinically driven 
TVR (4.2% vs. 4.9%). Such favourable outcomes in our study may 
not be attributed to a lower risk profile. Compared with RESOLUTE 
All Comers, the prevalence of diabetes was substantially higher in 
RESOLUTE International (30% vs. 24%), as were the proportions 
of patients with long lesions (46% vs. 18%). Most of the other base-
line variables were indicative of a similar risk profile in the registry 
as compared with the randomised trial, except for lower prevalence 
of small vessel lesions (45% vs. 68%) and chronic total occlusions 
(8% vs. 16% patients having at least one lesion with TIMI 0 flow). 
Thus, taken together, the RESOLUTE randomised trial and the reg-
istry establish a solid database for the efficacy of the R-ZES.

Figure 2. Frequency of the primary endpoint (cardiac death and target 
vessel myocardial infarction) and target lesion revascularisation in 
various lesion and patient subsets. MI: myocardial infarction; MVS: 
multivessel stenting; TLR: target lesion revascularisation
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A finding in the RESOLUTE All Comers study was a higher inci-
dence of definite and probable stent thrombosis of the R-ZES 
(p=0.05) compared with the everolimus-eluting stent.1 This finding 
was difficult to interpret, as RESOLUTE All Comers was not pow-
ered to address this rare event. Moreover, there was no significant 
difference with respect to any stent thrombosis (by the ARC defini-
tion) or to other safety endpoints. Nevertheless, the authors of the 
RESOLUTE All Comers report requested further investigation of 
this issue in larger populations of patients. To this end, it is reassur-
ing that the observed 1-year incidence of definite and probable stent 
thrombosis in RESOLUTE International was lower than that in the 
RESOLUTE All Comers study (0.9% vs. 1.6%) and similar to that 
of the control stent (0.7%) in RESOLUTE All Comers.

RESOLUTE International comprised the entire spectrum of PCI pro-
cedures. The efficacy outcome of the R-ZES was comparable across all 
lesion and patient subsets analysed. Neither did we identify a safety prob-
lem in any of these subsets. Only diabetes mellitus appeared to be associ-
ated with an increased risk of cardiovascular death and target vessel MI. 
Yet, the difference between diabetic and non-diabetic patients was 
smaller than what might have been anticipated from previous studies.7

Among the various lesion and patient subsets, the complex patient pop-
ulation deserves particular attention. In RESOLUTE All Comers, complex 
patients experienced a higher incidence of cardiac death and target vessel 
MI than non-complex patients, irrespective of whether the R-ZES or the 
everolimus-eluting stent was placed.8 Both stent types proved to be safe 
and effective, regardless of complexity. With the same entry criteria and the 
same definition for complexity as in RESOLUTE All Comers, the com-
plex patient population of RESOLUTE International demonstrated a simi-
lar 1-year incidence of cardiac death and target vessel myocardial infarction 
myocardial (4.4%) as the complex patient population in RESOLUTE All 
Comers (3.8%).8 This observation strengthens the inference from 
RESOLUTE All Comers that the R-ZES is equally well suited for com-
plex and non-complex PCI.

limitations
Missing post-interventional cardiac enzyme measurements in 46% 
of the patients will have resulted in some underestimation of 
periprocedural MIs. Nonetheless, periprocedural MI was only 

a minor contributor to the 1-year cumulative incidence of this 
event, which mitigates the impact of missing post-interventional 
cardiac enzyme measurements.

In addition, we need to consider underreporting in the 75% unmon-
itored patients. With the exception of cardiac death, all observed inci-
dences for relevant outcome events were lower in unmonitored 
patients than in monitored. Differences in event rates between moni-
tored and unmonitored patients were, however, numerically small 
and did not reach statistical significance. Hence, although some 
degree of underreporting needs to be acknowledged, its impact on the 
overall outcomes may be considered too small to affect the principal 
message of RESOLUTE International.

As the study was designed to confirm the safety and effective-
ness of the R-ZES with respect to clinical endpoints, angiographic 
endpoints were beyond our scope. Clinical endpoints could be ade-
quately adjudicated by the CEC independent of an angiographic 
core laboratory. This is also true for the total number of TVR, which 
we report. Core laboratory analysis may interfere, however, with 
the proportion of TVRs adjudicated as TLRs and with the propor-
tion of TVR adjudicated as clinically driven. Yet, as there was no 
study-mandated angiographic follow-up, the proportion of on non-
clinically driven TLR is not a major source of concern.

The current report is limited to the 1-year outcomes of RESOLUTE 
International. Pre-specified analyses of 2-year outcomes will yield 
more long-term data on the safety and efficacy of the R-ZES.

Implications
In the past, new generation stent designs did not always advance 
safety and efficacy.9 Therefore, to qualify for routine clinical use, 
modifications in stent design need to be tested in adequately 
designed studies with sufficient numbers of patients included.10 
With respect to the new-generation R-ZES, RESOLUTE Interna-
tional, which we present here, is a further step in this endeavour. 
With 2,349 patients included, RESOLUTE International yields 
safety data with narrow CIs. Moreover, RESOLUTE International 
supports the generalisability of the RESOLUTE All Comers study 
results. The randomised RESOLUTE All Comers study demon-
strated the efficacy of the R-ZES by showing non-inferiority to the 
comparator everolimus-eluting stent with respect to target lesion 

Table 4. Outcomes for monitored and unmonitored patient populations.

Characteristic
Monitored 
(n=586)

unmonitored 
(n=1,763)

Difference (%) 
(95% CI)

p

Cardiac death and target vessel myocardial infarction 26 (4.5) 72 (4.2) 0.3 (–1.6, 2.3) 0.72

Myocardial infarction (all) (historical definition) 22 (3.8) 53 (3.1) 0.8 (–1.0, 2.5) 0.42

Cardiac death 7 (1.2) 26 (1.5) –0.3 (–1.4, 0.8) 0.69

Stent thrombosis (definite/probable) 6 (1.0) 14 (0.8) 0.2 (–0.7, 1.2) 0.61

Target lesion revascularisation 23 (4.0) 56 (3.2) 0.8 (–1.1, 2.6) 0.43

Target lesion failure 44 (7.7) 118 (6.8) 0.8 (–1.7, 3.3) 0.51

Target vessel revascularisation 27 (4.7) 70 (4.1) 0.6 (–1.3, 2.6) 0.55

CI: confidence interval. See footnote from Table 3 for definitions.
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failure. RESOLUTE International shows consistent results for the 
R-ZES in a wide range of lesion subsets, comorbid conditions and 
clinical settings.
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