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Abstract
Background: Differences between geographic regions in patient characteristics and outcomes, particularly for acute coronary 
syndromes, have been demonstrated in clinical trials. Clinical outcomes after percutaneous coronary interventions with the 
zotarolimus-eluting stent in a real-world population were assessed over time. 

Objectives: The influence of geographic location on clinical outcomes with the zotarolimus-eluting stent was assessed in 3 
regions: Asia Pacific, Europe, and Latin America.

Methods A total of 8,314 patients (6,572 Europe, 1,522 Asia Pacific, and 220 Latin America) were followed for 1 year; 2,116 
of these (1,613, 316, and 187, respectively) were followed for 2 years. Patient and lesion characteristics, dual antiplatelet 
therapy, and clinical outcomes were compared between Latin America and the other regions.

Results: Patients in Latin America had the highest proportions of risk factors and prior myocardial infarction. Dual antiplatelet 
therapy usage rapidly declined in Latin America, from 44.9% at 6 months to 22.5% at 1 year and 7.8% at 2 years (Europe: 
87.4%, 61.5%, 19.7%; Asia Pacific: 82.4%, 67.0%, 45.7%). There were no significant differences between Latin America and 
Europe or Asia Pacific for any outcome at either time point. The incidence of Academic Research Consortium definite and 
probable stent thrombosis was low (≤ 1.2%) among all patients at 1 year and 2 years. 

Conclusions: Clinical outcomes were comparable between patients in Latin America and Europe, and Latin America and 
Asia Pacific, despite less favorable clinical subsets in Latin America, a higher risk profile, and markedly lower use of dual 
antiplatelet therapy over time. (Arq Bras Cardiol 2011;96(5):353-362)
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Summary
Results from the E-Five Registry indicate that geographic 

location does not affect clinical outcomes in patients treated 
with the zotarolimus-eluting stent. Patients in Latin America 
had the highest proportions of risk factors and prior myocardial 
infarction. Use of dual antiplatelet therapy declined rapidly 
in Latin America as compared with Europe and Asia Pacific. 
However, there were no significant differences between Latin 
America and Europe or Asia Pacific for any outcome at either 
time point. The incidence of Academic Research Consortium 
definite and probable stent thrombosis was low (≤ 1.2%) 
among all patients at 1 year and 2 years. 

Introduction 
International differences in patient characteristics and 

clinical outcomes have been demonstrated in cardiovascular 

clinical trials, specifically in the acute coronary syndrome (ACS) 
population1,2. In thrombolytic studies, patients in the United 
States (US) tended to have shorter time to treatment, lower 
Killip class, and a higher proportion of inferior myocardial 
infarctions (MIs) than non-US patients. In studies comparing 
North American and Eastern European patients, North 
American patients were more likely to be male and to have 
fewer comorbidities, including hypertension, angina, heart 
failure, and abnormal electrocardiogram findings, than patients 
enrolled in Eastern Europe. Several trials in the setting of 
ST-elevation MI have demonstrated higher mortality rates in 
non-US than in US sites, particularly in Latin America1. 

Few data are available concerning international differences 
in the use of drug-eluting stents. Austin et al3 demonstrated a 
wide variation in the application of drug-eluting stents across 
4 countries (US, Canada, United Kingdom, and Belgium), but 
they did not report on differences in patient characteristics 
or clinical outcomes. The E-Five Registry, a large prospective, 
nonrandomized, multicenter, international registry, assessed the 
safety and effectiveness of the Endeavor zotarolimus-eluting 
stent (ZES; Medtronic CardioVascular, Santa Rosa, California, 
USA) in “real-world” patients with symptomatic coronary artery 
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disease undergoing percutaneous coronary intervention (PCI)4. 
The size of this global cohort provides a unique opportunity to 
explore the existence of geographic differences and whether 
such differences may influence clinical outcomes in patients 
undergoing PCI and stent implantation outside the confines 
of a clinical trial. Furthermore, this cohort allows a view of 
differences in the use of dual antiplatelet therapy (DAPT) and 
the clinical impact of those differences.

Methods 

Study design and objectives
The E-Five Registry is a prospective, nonrandomized, 

multicenter registry conducted in 37 countries around the 
world. For this study, we selected 3 regions, Asia Pacific (AP), 
the European Union (EU), and Latin America (LA), based on 
physical location. No attempt was made to ensure equality 
between the numbers of patients enrolled in each region or 
between member countries.

A total of 8,314 adult patients enrolled at 188 centers were 
followed for 1 year. In addition, a subset of 2,116 patients 
from 26 centers was followed for 2 years. These centers were 
selected on the basis of enrollment and willingness to continue 
follow-up. Outcomes were evaluated at 1 year and 2 years 
for the respective cohorts.

Analyses were performed to determine differences in 
demographic and baseline characteristics among patients from 
each region and the potential influence of these differences 
on clinical outcomes, including major adverse cardiac events 
(MACE), cardiac death, MI, target lesion revascularization 
(TLR), target vessel revascularization (TVR), and definite 
and probable stent thrombosis as defined by the Academic 
Research Consortium (ARC)5. 

Study population and protocol 
The E-Five Registry contains data on adult patients who 

underwent single-vessel or multivessel PCI. Eligible patients 
had target lesions appropriate for stent intervention. Details 
of the study protocol were previously reported4. 

All patients completed follow-up visits at discharge, 30 
days, 6 months, and 1 year, and selected centers followed 
patients for up to 2 years (Figure 1). Outpatient clinic visits 
were the preferred means of follow-up, although phone calls 
were allowed.

Countries included in the LA region were Brazil, Chile, 
Mexico, and Uruguay. The AP region included Australia, 
China, Hong Kong, India, Korea, Malaysia, New Zealand, 
Singapore, and Thailand. The EU region included Austria, 
Belgium, Bulgaria, Czech Republic, Egypt, Estonia, Finland, 
Germany, Greece, Hungary, Israel, Italy, Latvia, The 
Netherlands, Norway, Poland, Portugal, Romania, Serbia, 
Slovakia, Spain, Switzerland, Turkey, and the United Kingdom.

This study was conducted under the ethics guidelines of the 
Declaration of Helsinki. Before study initiation at any clinical 
site, the study was approved by a medical ethics committee to 
protect human subjects, depending on regional requirements. 
Written informed consent was obtained from all patients.

Device description 
The Endeavor ZES (Medtronic) consists of a cobalt-alloy 

stent with an elution polymer-coated exterior that releases 
the antiproliferative drug zotarolimus (10 μg/mm stent length). 
The zotarolimus elution is designed to inhibit proliferation of 
smooth muscle cells; the phosphorylcholine-based polymer 
coating is designed to simulate red blood cells, thus mimicking 
the natural cell membrane6. These features are designed 
to reduce the typical biological response to an implanted 
device and enhance long-term safety. The ZES is available 
in diameters of 2.25 mm to 4.0 mm and in lengths of 8 mm 
to 30 mm. 

Data collection and management 
Electronic data capture by web-based case report forms 

was completed for all sites. To ensure quality control, random 
monitoring of clinical sites was conducted at prespecified 
intervals. Approximately 10% of the study data was reviewed 
to monitor compliance and to ensure accurate reporting of 
events, as well as accuracy of data. 

The data designated for baseline collection included 
eligibility criteria, demographic characteristics, cardiac risk 
factors, current cardiac status, lesion characteristics, and 
results from pre-procedure angiography. Investigators were 
required to conduct a visual examination of the lesion to 
estimate lesion characteristics. 

Documented clinical outcomes compared between 
regions included MACE, death, cardiac death, MI, TLR, 
TVR, TVR (nontarget lesion), and target vessel failure (TVF). 
Antiplatelet medication use was documented at 30 days, 6 
months, and 1 year for all patients and at 2 years for those 
in the 2-year cohort. 

MACE and stent thrombosis events were reviewed by a 
central clinical events committee (Cardialysis, Rotterdam, The 
Netherlands). Stent thrombosis events were evaluated using 
ARC definitions. Data management for this study and study 
monitoring were completed by Medtronic CardioVascular staff 
or a contract research organization designated by Medtronic. 

Study endpoints 
The primary endpoint for the overall E-Five Registry was 

the rate of MACE, defined as death, MI (Q-wave and non-

Figure 1 - Distribution of patients by region for year 1 and year 2 for (A) 
all patients enrolled in the E-Five Registry and (B) the subset of patients 
followed to 2 years. LA - Latin American region; EU - European region; 
AP - Asia Pacific region. 
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Q-wave), emergent cardiac bypass surgery, or TLR (repeat 
PCI or coronary artery bypass graft [CABG] surgery), at 1 year. 

We report here clinical outcomes of MACE, all-cause 
death, cardiac death, MI, TLR, TVR, and TVF at 1 and 2 
years of follow-up for each of the 3 regions. The rates of 
ARC-defined definite and probable stent thrombosis were 
analyzed for early (0 to 30 days), late (31 to 365 days), and 
very late (366 to 730 days) events.

Statistical analyses 
Patient, lesion, and procedural characteristics were 

recorded at each site and summarized by region for the 
overall population at 1 year and for the long-term follow-up 
cohort at 2 years. Percentages are reported for categorical 
variables, and means ± standard deviations are reported for 
continuous variables. Antiplatelet therapy was detailed at 30 
days, 6 months, and 1 year for all patients and at 2 years for 
the smaller cohort. All clinical outcomes (including MACE, 
all-cause death, death due to cardiac complications, MI, TLR, 
TVR, TVF, and ARC definite and probable stent thrombosis) 
were compiled by region for all available patients at the 1- and 
2-year time points. Although the LA region had the smallest 
number of patients, it represented a unique population of 
patients with higher rates of cardiac risk factors and prior MIs, 
but the shortest duration of DAPT use; therefore, we used this 
region as the reference comparator for the other 2 regions. 

Baseline variables were compared as follows: A 2-sided t 
test was used to calculate p values for continuous variables, 
and Fisher’s exact test was used to determine p values for 
categorical variables. A p value of < 0.05 was considered 
statistically significant.

To adjust for differences in baseline characteristics in the 
1-year and 2-year cohorts, the clinical outcomes at 1 year 
and 2 years were compared as follows: p values were based 
on logistic regression adjusted for propensity scores, which 
were calculated using the following baseline variables: age, 
sex, prior MI, prior percutaneous transluminal coronary 
angioplasty, prior CABG surgery, diabetes, acute MI (< 72 
hours), hypertension, hypercholesterolemia, smoking, left 
anterior descending artery (vs non-left anterior descending 
artery), class B2/C (vs class A/B1), lesion length ≥ 27 mm (if 
any lesion is ≥ 27 mm, vs < 27 mm), and reference vessel 
diameter > 3.5 mm (if any lesion is > 3.5 mm, vs ≤ 3.5 mm). 

The E-Five Registry is funded by the Medtronic Bakken 
Research Center, Medtronic CardioVascular, Maastricht, 
The Netherlands.

Results 

Patient demographics and lesion characteristics 
Overall population - the mean age of all patients enrolled 

in the E-Five Registry was 63.3 years. Patients in the EU 
region were older than patients in LA (64.2 vs 61.3 years, p 
< 0.001), and patients in LA were older than in AP, although 
this difference was not statistically significant (61.3 vs 59.9 
years) (Table 1). The majority of patients in all regions were 
male: EU, 76.8%; AP, 77.1%; and LA, 70.0%. The most 

common comorbidities were hypercholesterolemia and 
hypertension. The prevalence of hypercholesterolemia was 
significantly higher in LA than in EU (75.0% vs 66.3%, p = 
0.007) and AP (75.0% vs 47.6%, p < 0.001). The prevalence 
of hypertension was significantly greater in LA than in AP 
(76.4% vs 63.0%, p < 0.001) or EU (76.4% vs 69.6%, p = 
0.036). The rate of prior MI also was higher in LA than in EU 
(47.3% vs 31.8%, p < 0.001) and AP (47.3% vs 31.5%, p < 
0.001), as well as the rate of prior CABG (LA vs EU: 10.0% 
vs 8.3%, p = 0.384; LA vs AP, 10.0% vs 4.0%, p < 0.001). 
The prevalence of diabetes mellitus was more consistent 
between regions, with approximately one third of patients 
being affected: LA, 34.5%; AP, 37.4%; and EU, 31.6% (p = 
NS for LA vs EU and LA vs AP). 

Target vessel location varied among the regions and is 
detailed in Table 1. Reference vessel diameter was similar for 
patients in LA and AP but smaller for patients in EU. There was 
a significantly lower rate of class C lesions (American College 
of Cardiology/American Heart Association system) in LA as 
compared with both EU (10.7% vs 24.5%, p < 0.001) and 
AP (10.7% vs 30.2%, p < 0.001).

2-Year cohort - the baseline demographic data of the subset 
of patients followed for 2 years was similar to data of the 
overall population (Table 2). Patients in LA were significantly 
younger than EU patients (61.3 vs 63.2 years, p = 0.02), but 
significantly older than AP patients (61.3 vs 56.7 years, p < 
0.001). In the 2-year cohort, there were significantly fewer 
males in LA than in AP (69.0% vs 83.5%, p < 0.001) and 
EU (69.0% vs 77.1%, p = 0.018). The LA region also had 
the highest rates of common cardiac risk factors, including 
hypertension, hypercholesterolemia, previous MI, previous 
CABG, unstable angina, and diabetes, as compared with the 
other 2 regions.

Target lesion characteristics of the 2-year cohort were 
similar to those of the overall 1-year patient population. 
Vessel location, lesion length, and the proportion of class B2 
and C lesions were all significantly different between the LA 
and EU regions and between the LA and AP regions (Table 
2). LA patients were significantly more likely to have class B2 
lesions than AP patients (54.5% vs 27.6%, p < 0.001) and 
EU patients (54.5% vs 36.7%, p < 0.001) and significantly 
less likely to have class C lesions than AP patients (10.3% vs 
37.2%, p < 0.001) and EU patients (10.3% vs 25.9%, p < 
0.001). Reference vessel diameter was similar between the 
LA region and the EU and AP regions, whereas lesion length 
was again shorter in LA (16.94 ± 8.46 mm) as compared with 
both EU (18.85 ± 10.72 mm, p = 0.001) and AP (21.75 ± 
11.01 mm, p < 0.001). 

Antiplatelet therapy
Postprocedure antiplatelet therapy, which was based on 

clinical standard practice, was common in all regions. Although 
most patients continued to take aspirin throughout the 2-year 
follow-up period, DAPT usage rates decreased considerably 
over time (Table 3). In particular, the most rapid and steep 
decline in DAPT usage was seen among LA patients: at 6 
months, 44.9% of LA patients were receiving DAPT, whereas 
87.4% of patients in EU and 82.4% of patients in AP continued 
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DAPT. By the 1-year time point, only 22.5% of LA patients 
were still using DAPT, compared with 61.5% of EU patients and 
67.0% of AP patients. Among patients followed up through 2 
years, DAPT usage dropped to 7.8% in LA, 19.7% in EU, and 
45.7% in AP by 2 years (Figure 2). 

Clinical outcomes 
Overall outcomes at 1 year - there were no statistically 

significant differences in most of the clinical outcomes at 1 
year between the LA region and the EU or AP region (Table 
3). The 1-year rate of MACE was 4.3% for LA, 6.2% for AP, 
and 7.9% for EU patients (p = NS for both LA vs EU and LA 
vs AP). There were no MI events in the LA region and rates 
of only 1.6% in EU and 1.9% in AP (p = NS for LA vs EU and 
LA vs AP). Cardiac death and MI was statistically different for 
LA compared with AP (0.5% vs 3.5%, p = 0.039), but not for 
LA compared with EU. Rates of early (0 to 30 days) and late 
(31 to 365 days) ARC probable and definite stent thrombosis 
were low across all regions, and again, there were no significant 
differences between the LA region and the EU or AP region. 
There were no late ARC definite and probable stent thrombosis 

events in LA, compared with a rate of 0.5% in EU (p = 0.977) 
and 0.2% in AP at the same time point (p = 0.968). 

2-year cohort outcomes - similar to the results of the entire 
E-Five cohort followed at 1 year, there were no statistically 
significant differences in clinical outcomes between the LA 
region compared with the EU or AP region throughout 2 
years of follow-up (Table 4). Rates of MACE at 2 years were 
6.3% in LA, 4.5% in AP, and 9.5% in EU patients. In all major 
cardiac endpoints, the outcomes and prevalence rates at 2 
years were similar to the rates observed at 1 year. The rates of 
TVR were similar in the LA and EU regions (6.8% vs 6.6%, p = 
0.795); however, the rate of TVR was lower in the AP region 
than in the LA region, although the difference did not reach 
statistical significance (6.8% vs 1.9%, p = 0.052). There were 
no very late (366 to 730 days) ARC definite and probable stent 
thrombosis events in the LA or AP regions among the 2-year 
cohort and only 2 (0.1%) in the EU region. 

Discussion 
The primary endpoint of MACE at 12 months and the 

secondary endpoint of MACE in the 2-year cohort, in 

Table 1 – Patient and lesion characteristics by region in overall (1-year) population

 
LA

n = 220, 
291 lesions

EU
n = 6,572, 

8,117 lesions

p-value 
LA vs EU

LA
n = 220, 

291 lesions

AP
n = 1,522, 

1,931 lesions

p-value
LA vs AP

Age - years (mean±SD) 61.3±11.03 64.2±10.93 <0.001 61.3±11.03 59.9±10.92 0.073

Male - % 70.0 76.8 0.023 70.0 77.1 0.027

Prior MI - % 47.3 31.8 <0.001 47.3 31.5 <0.001

Prior PCI - % 26.8 27.8 0.818 26.8 14.5 <0.001

Prior CABG - % 10.0 8.3 0.384 10.0 4.0 <0.001

Current smoker - % 22.3 23.6 0.687 22.3 18.3 0.167

Hypercholesterolemia - % 75.0 66.3 0.007 75.0 47.6 <0.001

Hypertension - % 76.4 69.6 0.036 76.4 63.0 <0.001

Diabetes mellitus - % 34.5 31.6 0.377 34.5 37.4 0.455

Insulin dependent 5.0 9.2 0.031 5.0 4.3 0.597

Non-insulin dependent 29.5 22.4 0.014 29.5 33.1 0.318

Unstable angina - % 41.8 32.0 0.003 41.8 41.1 0.826

Target lesion location - % 0.027 0.051

Left anterior descending artery 44.0 45.7 44.0 50.6

Left circumflex artery 18.6 22.5 18.6 20.5

Right coronary artery 35.4 27.8 35.4 26.9

Left main 1.4 2.1 1.4 1.1

Saphenous vein graft 0.7 1.9 0.7 0.9

Reference vessel diameter - mm (mean±SD) 2.99±0.42 2.92±0.47 0.009 2.99±0.42 2.97±0.45 0.480

Lesion length - mm (mean±SD) 17.31±9.07 18.22±10.64 0.096 17.31±9.07 19.92±10.57 <0.001

Lesion class - %

Type B2 lesion 54.6 35.6 <0.001 54.6 29.8 <0.001

Type C lesion 10.7 24.5 <0.001 10.7 30.2 <0.001

LA - Latin American region; EU - European region; AP - Asia Pacific region; MI - myocardial infarction; PCI - percutaneous coronary intervention; CABG - coronary artery 
bypass graft; SD - standard deviation.
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addition to cardiac death, MI, TLR, TVF, and ARC definite 
and probable stent thrombosis at the same time points, 
were similar between the LA and EU regions, and the LA 
and AP regions, despite considerable variations in cardiac 
risk factors, lesion characteristics, and DAPT use. At 1 year, 
the lowest rate of MACE was observed in the LA region, 

even though this region had the lowest DAPT use at that 
time point. In the smaller 2-year cohort of patients, the 
lowest MACE rate was found in the AP region. Patients in 
the LA region had a greater incidence of prior MI, unstable 
angina, and previous revascularization (PCI and CABG) 
and higher rates of hypertension, hypercholesterolemia, 
and diabetes. It is possible that patients with a higher 
incidence of cardiac risk factors received more rigorous 
secondary preventive treatments, although these data are 
not available for analysis. 

Within the E-Five Registry, stent thrombosis events were 
adjudicated to confirm per-protocol and ARC-defined 
outcomes. As previously reported4, ARC definite and probable 
stent thrombosis events occurred more commonly early (0 
to 30 days) than late (31 to 365 days). This held true for 
the subset of patients followed for 2 years in all regions, 
with extremely low rates of ARC probable and definite stent 
thrombosis reported. Premature cessation of DAPT may be 
related to increased risk of stent thrombosis7, and the optimal 
duration of DAPT that is both safe and effective in reducing 
late stent thrombosis events remains an important unanswered 
question8,9. Despite the low rates of prolonged DAPT use in 

Table 2 – Patient and lesion characteristics by region in 2-year cohort 
LA 

n = 187, 
253 lesions

EU 
n = 1,613, 

2,006 lesions

p-value
LA vs EU

LA 
n = 187, 

253 lesions

AP 
n = 316, 

355 lesions

p-value
LA vs AP

Age - years (mean±SD) 61.25±11.15 63.19±10.74 0.020 61.25±11.15 56.72±10.44 <0.001

Male - % 69.0 77.1 0.018 69.0 83.5 <0.001

Previous MI - % 47.1 34.8 0.001 47.1 30.4 <0.001

Previous PCI - % 28.3 26.6 0.602 28.3 9.2 <0.001

Previous CABG - % 10.2 7.3 0.186 10.2 2.8 <0.001

Current smoking - % 21.4 23.9 0.468 21.4 22.2 0.911

Hypercholesterolemia - % 76.5 66.9 0.008 76.5 55.1 <0.001

Hypertension - % 77.0  70.0 0.051 77.0 63.0 0.001

Diabetes - % 36.4 28.1 0.021 36.4 36.1 1,000

Insulin dependent 5.9 8.5 0.261 5.9 5.1 0.687

Non-insulin dependent 30.5 19.7 <0.001 30.5 31.0 0.921

Unstable angina - % 44.9 25.9 <0.001 44.9 37.0 0.090

Target lesion location - % 0.035 <0.001

Left anterior descending artery 45.5 47.2 45.5 63.7

Left circumflex artery 17.0 22.5 17.0 13.5

Right coronary artery 36.0 27.5 36.0 20.0

Left main 0.8 1.3 0.8 1.1

Saphenous vein graft 0.8 1.6 0.8 1.7

Reference vessel diameter - mm 2.98±0.40 2.91±0.47 0.021 2.98±0.40 3.00±0.43 0.563

Lesion length - mm 16.94±8.46 18.85±10.72 0.001 16.94±8.46 21.75±11.01 <0.001

Lesion class - %

Type B2 lesion 54.5 36.7 <0.001 54.5 27.6 <0.001

Type C lesion 10.3 25.9 <0.001 10.3 37.2 <0.001

LA - Latin American region; EU - European region; AP - Asia Pacific region; MI - myocardial infarction; PCI - percutaneous coronary intervention; CABG - coronary artery 
bypass graft; SD - standard deviation.

Figure 2 - Use of dual antiplatelet therapy (DAPT) by region at 30 days, 6 
months, 1 year, and 2 years. LA - Latin American region; EU - European region; 
AP - Asia Pacific region.
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Table 3 – E-Five Registry outcomes by region in the overall (1-year) population 
LA

n = 220
EU

n = 6,572
p-value* 
LA vs EU

LA
n = 220

AP
n = 1,522

p-value*
LA vs AP

MACE - % 4.3 7.9 0.062 4.3 6.2 0.187

Death - %

All 0.5 2.5 0.151 0.5 2.6 0.067

Cardiac 0.5 1.7 0.295 0.5 1.9 0.159

MI (all) - % 0.0 1.6 0.981 0.0 1.9 0.954

Death (cardiac) + MI (all) - % 0.5 3.0 0.085 0.5 3.5 0.039

ARC definite/probable stent thrombosis - % 0.0 1.2 0.976 0.0 1.1 0.965

0 to 30 days 0.0 0.7 0.980 0.0 0.9 0.969

31 to 365 days 0.0 0.5 0.977 0.0 0.2 0.968

TLR - % 3.8 4.9 0.362 3.8 2.5 0.473

TVR (non-TL) - % 0.9 0.7 0.930 0.9 0.3 0.535

TVR - % 4.7 5.5 0.489 4.7 2.7 0.282

TVF - % 5.2 7.7 0.178 5.2 5.6 0.563

LA - Latin American region; EU - European region; AP - Asia Pacific region; MACE - major adverse cardiac events; MI - myocardial infarction; ARC - Academic Research 
Consortium; TLR - target lesion revascularization; TVR - target vessel revascularization; TL - target lesion; TVF - target vessel failure. *p-values were calculated using 
logistic regression adjusted for propensity scores, which were calculated using the following baseline variables: age, sex, prior MI, prior percutaneous transluminal 
angioplasty, prior coronary artery bypass graft surgery, diabetes, acute MI (< 72 hours), hypertension, hypercholesterolemia, smoking, left anterior descending artery (vs 
non–left anterior descending artery), class B2/C (vs class A/B1), lesion length ≥ 27 mm (if any lesion is ≥ 27 mm, vs < 27 mm), reference vessel diameter > 3.5 mm (if any 
lesion is > 3.5 mm, vs ≤ 3.5 mm).

Table 4 – E-Five Registry outcomes by region in the 2-year cohort 
LA

n = 187
EU

n = 1,613
p-value* 
LA vs EU

LA
n = 187

AP
n = 316

p-value*
LA vs AP

MACE - % 6.3 9.5 0.124 6.3 4.5 0.503

Death - %

All 0.6 3.3 0.076 0.6 2.3 0.145

Cardiac 0.6 1.6 0.365 0.6 1.6 0.242

MI (all) - % 0.6 1.7 0.228 0.6 1.0 0.785

Death (cardiac) + MI (all) - % 1.1 3.1 0.168 1.1 2.3 0.329

ARC definite/probable stent thrombosis - % 0.0 0.9 0.972 0.0 0.3 0.947

0 to 30 days 0.0 0.6 0.965 0.0 0.3 0.947

31 to 365 days 0.0 0.2 0.967 0.0 0.0 N/A

366 to 730 days 0.0 0.1 0.975 0.0 0.0 N/A

TLR - % 5.1 5.7 0.545 5.1 1.9 0.150

TVR (non-TL) - % 1.7 1.1 0.848 1.7 0.0 0.945

TVR - % 6.8 6.6 0.795 6.8 1.9 0.052

TVF - % 8.0 8.7 0.581 8.0 3.9 0.143

LA - Latin American region; EU - European region; AP - Asia Pacific region; MACE - major adverse cardiac events; MI - myocardial infarction; ARC - Academic Research 
Consortium; TLR - target lesion revascularization; TVR - target vessel revascularization; TL - target lesion; TVF - target vessel failure. *p-values were calculated using 
logistic regression adjusted for propensity scores, which were calculated using the following baseline variables: age, sex, prior MI, prior percutaneous transluminal coronary 
angioplasty, prior coronary artery bypass graft surgery, diabetes, acute MI (< 72 hours), hypertension, hypercholesterolemia, smoking, left anterior descending artery (vs 
non-left anterior descending artery), class B2/C (vs A/B1), lesion length ≥ 27 mm (if any lesion is ≥ 27 mm, vs < 27 mm), reference vessel diameter > 3.5 mm (if any lesion 
is > 3.5 mm, vs ≤ 3.5 mm).

the LA region, stent thrombosis rates were not significantly 
different from those reported in the other 2 regions. LA patients 
generally had shorter and less complex lesions, which may 
have decreased the risk of stent thrombosis7. It is unclear how 

these multiple factors (early cessation of DAPT, less complex 
lesions, and more comorbidity) may have interacted and 
influenced the risk of stent thrombosis. This finding warrants 
further investigation. 
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Of note, ongoing prospective clinical trials are evaluating 
optimal DAPT duration. One such trial is the OPTIMIZE 
study for ZES, which randomized 3,120 patients to 3 months 
versus 12 months of DAPT and will report 1-year outcomes 
for death, MI, stroke, major bleeding, and ARC-defined stent 
thrombosis events9. 

In contrast to these findings, other analyses of international 
variations have shown differences in clinical outcomes by 
geographic region. In the Platelet IIb/IIIa in Unstable Angina: 
Receptor Suppression Using Integrilin Therapy (PURSUIT) trial, 
enrollment in LA was an independent predictor of mortality 
at 30 days (odds ratio 2.42; 95% confidence interval 1.60-
3.67) and 6 months (odds ratio 2.5; 95% confidence interval 
1.8-3.4)10. This finding was observed even after adjustment 
for differences in baseline risk, suggesting that the outcome 
difference may have been due to more conservative practice 
patterns (i.e., lower use of evidence-based therapies for acute 
MI, lower and later use of revascularization procedures, and 
less use of invasive management such as angiography). Other 
ACS studies have also reported significantly higher mortality 
rates among patients enrolled in LA centers. In these studies, 
mortality ranged from 10.4% to 12.4% in LA, compared with 
5.7% to 7.8% in the US and Europe, respectively1. It has been 
hypothesized that low rates of coronary angiography and 
revascularization may explain these observed differences in 
clinical outcome1. 

Of note, however, Cardoso et al11 evaluated the use of 
drug-eluting stents in Brazil from 2000 to 2005 and observed 
a progressive increase in use (from 0.14% to 14%) and after 
2001, an increase in success rates (from 96.58% to 99.56%) and 
a decrease in hospital mortality rates (from 1.59% to 0.21%).

Our findings showing that DAPT use was lowest in the 
LA region are consistent with other reports. In PURSUIT, 
patients in LA were significantly less likely to receive in-
hospital ticlopidine, heparin, angiotensin-converting enzyme 
inhibitors, oral beta-blockers, lipid-lowering agents, and oral 
nitrates. They were also prescribed fewer evidence-based 
discharge medicines, including antiplatelet agents, beta-
blockers, lipid-lowering agents, and oral nitrates10. 

It is unclear why no differences in clinical outcomes were 
observed in the LA group in E-Five. It is possible that there 
is less opportunity for practice variation in PCI and stent 
implantation, as compared with ACS management, where 
differences have been observed. It is also plausible that the 
LA centers participating in the E-Five Registry may have been 
more clinically experienced than sites participating in ACS 
trials, so that practice variations that may have influenced 
outcome were minimal. Finally, patients enrolled in E-Five 
may have been at lower risk of events than patients enrolled 
in ACS trials, decreasing the likelihood that a difference in 
clinical events would have been observed.

Limitations 
It should be noted that this study was not originally designed 

or powered to evaluate regional subgroups. The LA and AP 
regions together include fewer patients than the EU region 
and may not be representative of all patients presenting for 
implantation of a drug-eluting stent in those regions. In our 
analysis, even though we adjusted for baseline differences 

in the comparison tests of outcomes between regions, other 
patient-level factors that were unaccounted for could have 
affected outcomes independently of geographic region. 
The 2-year patient cohort is a subset of the overall E-Five 
population; thus, formal comparisons of baseline patient and 
lesion characteristics for the two groups are inappropriate, 
although it is nonetheless important to show the overall 
similarity of the patient groups at 1 and 2 years. Finally, 
because follow-up could be conducted by phone, extensive 
information on medical therapies and interventions specific 
to each region was not available.

Conclusion 
Regional results from the E-Five Registry suggest that despite 

differences in patient and lesion characteristics and DAPT use 
between different geographic regions, outcomes, including 
rates of MACE, cardiac death, MI, and ARC-defined probable 
and definite stent thrombosis, are similar. Although DAPT use 
in LA was less than half that in the other regions, this did not 
result in increased rates of MACE or late stent thrombosis. The 
other cardiac and lesion outcomes at 1 year and 2 years were 
comparable between the LA and both the EU and AP regions. 

These data suggest that considerable differences in lesion 
complexity and comorbidities across geographic regions do 
not translate into differences in outcomes after PCI. It may 
be that the risks of premature cessation of DAPT are partially 
mitigated by simpler lesion anatomy. These results provide 
evidence of the safety and effectiveness of the Endeavor ZES 
in real-world patients despite potential patient, lesion, and 
practice differences between the major geographic regions. 
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Appendix

E-Five Registry investigators and institutions
Australia: S. Worthley, Royal Adelaide, Adelaide / D. 

Muller, St. Vincent’s Sydney, Sydney/ D. Walters, The Prince 
Charles Hospital, Brisbane;

Austria: O. Luha, Universitätsklinik Graz, Graz / D. Glogar, 
AKH Wien, Vienna / M. Pichler, Salzburger Landeskliniken, 
Salzburg / O. Pachinger, Landeskrankenhaus Innsbruck- 
Universitätskliniken, Innsbruck / G. Zenker, Allg. öffentl. 
Landeskrankenhaus Bruck a.d. Mur, Bruck an der Mur / G. 
Gaul, Hanusch-Krankenhaus, Vienna / F. Leisch, AKH Linz, Linz;

Belgium: P. Decroly, RHMS Baudour, Baudour / N. Debbas, 
UCL Saint-Luc, Bruxelles / M. Vrolix, Ziekenhuis Oost-Limburg 
(St. Jan), Genk; 

Brazil: F. Feres, Instituto Dante Pazzanese de Cardiologia, 
São Paulo / P.S. Oliveira, Instituto Nacional de Cardiologia 
de Laranjeiras, Rio de Janeiro / C.R. Costantini, Hospital 
Cardiológico Costantini, Curitiba, PR;

Chile: A. Martínez, Pontificada Universidad Católica de 
Chile, Santaigo; 

China: R. Gao, Beijing Fuwai Hospital, Beijing / S. Lu, 
Beijing Anzhen Hospital, Beijing / Y. Han, The General 
Hospital of Shenyang Military Command, Shenyang / J. Ge, 
Zhongshan Hospital of Fudan University, Shanghai / L. Wang, 
Beijing Chaoyang Hospital, Beijing / T. Jiang, Affiliated Hospital 
of Armed Police Forces Medical University, Tianjin / Y. Sun, 
Shengjing Hospital of China Medical University, Shenyang;

Czech Republic: J. Kovac, Regional Hospital Karlovy Vary, 
Karlovy Vary / P. Kala, University Hospital Brno, Brno / Z. 
Coufal, Bata District Hospital Zlin, Zlin / L. Groch, St. Anna 
University Hospital, Brno;

Egypt: H. Ragy, Hayat Hospital, Cairo; 
Estonia: T. Hermlin, Tartu University Hospital, Tartu / S. 

Margus, East Tallinn Central Hospital, Tallinn; 
Finland: A. Ylitalo, Satakunnan keskussairaala, Pori; 
Germany: J. Brachmann, Klinikum Coburg, Coburg / 

R. Zahn, Klinikum Nuernberg, Nürnberg / C. Hehrlein, 
Universitätsklinik Freiburg, Freiburg / C. Tiefenbacher, 
Universitätsklinik Heidelberg, Heidelberg / J. Haase, Rotes 
Kreuz, Frankfurt / C. Butter, Evangelisch-Freikirchliches 
Herzzentrum Bernau, Bernau / R. Birkemeyer, Medizinische 
Klinik Villingen Schweningen, Villingen Schweningen / A. 
Elsässer, Kerckhoff-Klinik GmbH, Bad Nauheim / C. Nienaber, 
University of Rostock, Rostock / H. Heuer, Johanneshospital 
Dortmund, Dortmund / P. Schuster, St. Marienhospital, Siegen 
/ B. Hennen, Stadtkrankenhaus Pirmasens, Pirmasens / K.F. 
Appel, Ambulantes Herzzentrum Kassel, Kassel / J. Kreuzer, 
St. Vincenz Krankenhaus, Limburg / P. Schwimmbeck, 
Klinikum Leverkusen, Leverkusen / T. Münzel, Johannes 
Gutenberg Universität Mainz, Mainz / W. Motz, Klinikgruppe 
Dr. Guth - Klinikum Karlsburg, Karlsburg / T. Heitzer, 
Universitätskrankenhaus Eppendorf, Hamburg / F. Hartmann, 
Universitätsklinikum Lübeck, Lübeck / M. Wiemer, Herz- und 
Diabeteszentrum Bad Oeynhausen, Bad Oeynhausen / P. 
Sick, Krankenhaus der barmherzigen Brueder Regensburg, 
Regensburg / E. Freiherr von Hodenberg, Herzzentrum Lahr/
Baden, Lahr / B. Strauer, Universitätsklinikum Düsseldorf, 
Düsseldorf / H. Sievert, St. Katharinen-Krankenhaus, Frankfurt; 

Greece: D. Sionis, 1st IKA, Athens / C. Stefanadis, 
Hippokratio, Athens / D. Alexopoulos, University Hospital of 
Patra, Patra / S. Hatzimiltiades, Ahepa University Hospital, 
Thessaloniki / D. Cokkinos, Onassis Cardiac Surgery 
Center, Athens / L. Karagounis, Interbalcan Medical Center, 
Thessaloniki / D. Katritsis, Euroclinic, Athens; 
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Hong Kong: Kam-Tim Chan, Queen Elizabeth Hospital, Hong 
Kong / Shu-Kin Li, Pamela Youde Nethersole Eastern Hospital, 
Hong Kong / Wai-Luen, Stephen Lee, Queen Mary Hospital, 
Hong Kong / Chee Wo Wu, Princess Margaret Hospital, Hong 
Kong / Sum-Kin Leung, Kwong Wah Hospital, Hong Kong; 

Hungary: G. Fontos, Gottsegen National Hearth Institute, 
Budapest / D. Apró, Balatonfüredi Állami Szivkorhaz, 
Balatonfüred; 

India: P. Chandra / Max Devika Devi Heart & Vascular 
Institute, New Delhi / N. Sinha, SGPGI Lucknow, Lucknow / P. 
Rath, Apollo Hospital Jubilee Hills Hyderabad, Hyderabad / B. 
Goyal, Bombay Hospital & Medical Research Center, Bombay 
/ K. Parikh, The Heart Clinic, Ahmedabad / S. Hiremath, Ruby 
Hall Clinic, Pune / T. Patel, Sterling Hospital, Ahmedabad; 

Ireland: G. Manoharan, Royal Victoria Hospital, Belfast; 
Israel: C. Lotan, Hadassah Medical Center, Jerusalem / 

Y. Rozenman, Wolfson Medical Center, Holon / V. Guetta, 
Sheba Medical Center, Tel Hashomer / R. Krakover, Asaf 
Harofe M.C., Zorifin / B. Lewis, Carmel M.C., Haifa / R. 
Kornowski, Rabin Medical Center, Belinson Campus, Petach 
Tikva / Y. Almagor, Shaare Zedek Medical Center, Jerusalem 
/ S. Banai, Tel Aviv Sourasky Medical Center, Tel Aviv / E. 
Nikolsky, Rambam Medical Center, Haifa / Y. Turgeman, 
Emek Medical Center, Afula; 

Italy: L. Palscia, Civile Dello Spirito Santo Hospital, Pescara / 
R. Violini, S. Camillo - Forlanini Hospital, Roma / L. Bolognese, 
New S. Donato Hospital, Arezzo / A. Manari, Arcispedale S. 
Maria Nuova, Reggio Emilia / P. Presbitero, Istituto Clinico 
Humanitas, Rozzano / A. Colombo, San Raffaele Hospital, 
Milano / G. Bernardi, S. Maria Della Misericordia Hospital, 
Udine / C. Tamburino, A.O. Vittorio Emanuele Ferrarotto S. 
Bambino, Catania / C. Indolfi, Azienda Ospedaliera Mater 
Domini, Catanzaro / S. De Servi, Ospedale Civile, Legnano 
/ F. Piscione, Università Degli Studi Federico II, Napoli / B. 
Tuccillo, Ospedale S. Maria di Loreto Mare, Napoli / R. Piva, 
A.O. Ospedali Riuniti Umberti I - Lancisi - Salesi, Torrette di 
Ancona / P. Rubino, Casa Di Cura Montevergine, Mercogliano 
/ A. Bartorelli, Centro Cardiologico Monzino, Milano / R. 
Mongiardo, A.O. Policlinico Gemelli, Roma / C. Briguori, Casa 
di Cura Mediterranea, Napoli; 

Korea: Seung-Jung Park, Asan Medical Center, Seoul; 
Latvia: A. Erglis, P.Stradins University Hospital, Riga / A. 

Kalnins, Clinical Hospital Gailezers, Riga; 
Malaysia: R. Zambahari, National Heart Institute (IJN), 

Kuala Lumpur / Kui Hian Sim, Sarawak General Hospital, 
Kuching, Sarawak / O. Maskon, Hospital Universiti Kebangsaan 
Malaysia, Kuala Lumpur / O. Ismail, Penang General Hospital, 
Pulau Pinang / Wan Azman Wan Ahmad, University Malaya 
Medical Centre, Kuala Lumpur / Mohd Aminuddin Mohd Sani, 
Kedah Medical Center, Alor Setar; 

Mexico: E. Ban Hayashi, Instituto Nacional de Cardiologia, 
Mexico, DF; 

The Netherlands: P. Den Heijer, Amphia Hospital, Breda 
/ R.W.M. Hautvast, MCAlkmaar, Alkmaar / C. Schotborgh, 
Hagaziekenhuis - Leyenburg, Den Haag / R. de Winter, AMC, 
Amsterdam / J. Louwerenburg, Medisch Spectrum Twente, 
Enschede / J. Bronzwaer, VUMC, Amsterdam; 

New Zealand: G. Devlin, Waikato Hospital, Hamilton 
/ M. Simmonds, Wellington Hospital, Wellington / W. Jaffe, 
Ascot Hospital, Auckland / M. Abernethy, Wakefield Hospital, 
Wellington / G. Wilkins, Mercy Heart Centre Dunedin, Dunedin: 

Norway: S. Rotevatn, Haukeland Universitetssykehus, 
Bergen / D. Nilsen, Stavanger Universitetssjukehus, Stavanger 
/ J. Mannsverk, Universitetssykehuset i Nord Norge, Tromsø; 

Poland: M. Lesiak, University Hospital No 1, Poznan / J. 
Rzezniczak, Szpital Miejski i. Strusia, Poznan / J. Hiczkiewicz, 
Wielospecjalistyczny Szpital SPZOZ w Nowej Soli, Nowa Sol; 

Portugal: M.S. Almeida, Hospital Santa Cruz, Carnaxide / 
J.L. Palos, Unidade de Intervenção Cardiovascular, Alvor / H. 
Carvalho, SMIC - Serviço Medico de Imagem Computorizada, 
SA, Porto / R. Ferreira, Hospital de Santa Marta, Lisboa / M. 
Adão, Hospital Pulido Valente, Lisbon; 

Romania: R. Capalneanu, Institutul Inimii Cluj, Cluj 
Napoca; 

Serbia: M. Ostojic, Clinical Center of Serbia, Belgrade; 
Singapore: S. T. Lim, National Heart Center, Singapore; 

Slovakia: M. Studencan, VUSCH a.s., Košice; 
Spain: A. Merchán Herrera, Hospital Infanta Cristina, 

Badajoz / F. Goicolea, Hospital Puerta de Hierro, Madrid / M. 
Sabate Tenas, Hospital de la Santa Creu i Sant Pau, Barcelona 
/ E. García Fernández, Hospital General Universitario Gregorio 
Marañón, Madrid / J. Moreu Burgos, Hospital Virgen de la Salud, 
Toledo / A. Bethencourt Gonzalez, Hospital Universitario Son 
Dureta, Palma de Mallorca / F. Fernández – Vázquez, Hospital 
de León, León / J. Diaz Fernández, Hosp. Juan Ramón Jímenez, 
Huelva / A. Sanchez Gonzalez, Hosp. Virgen del Rocio, Sevilla 
/ M. Valdés Chávarri, Hosp. Virgen de la Arrixaca, Murcia / 
J.M. Ruiz Nodar, Hosp. General de Alicante, Alicante / A.R. 
Cequier Fillat, Hospital Bellvitge, Barcelona / L. Martínez 
Elbal, Hospital Universitario de La Princesa, Madrid / J.M. 
Hernández García, Hosp. Universitario Virgen de la Victoria 
Málaga, Málaga / I. Santos Rodríguez, Hosp. Universitario 
Salamanca, Salamanca / J.M. Duran Hernández, Hospital 
General Yagüe, Burgos / A. Frutos García, Hospital de San 
Juan de Alicante, Alicante / A. Rincón de Arellano Castellví, 
Universitario Dr. Peset, Valencia / J. Fernández Portales, 
Fernández Portales, Cáceres / F. Picó Aracil, Hospital Sta. 
María de Rosell, Cartagena / F. Jímenez Cabrera, Hospital 
Universitario Insular Gran Canario, Las Palmas / H. Pérez 
Hernández, Hosp. Univ. Ntra. Sra. de la Candelaria, Santa 
Cruz de Tenerife / F. Bosa Ojeda, Hospital Universitario de 
Canarias, Santa Cruz de Tenerife / L.M. Teruel Gila, Hospital 
General de Cataluña, Barcelona / J. Balaguer Recena, Hospital 
General Universitario de Guadalajara, Guadalajara / J.A. Ferrer, 
Ccv. Sant Jordi, Barcelona / A. Serra Peñaranda, Hospital del 
Mar, Barcelona / V. Fernández Vallejo, Hosp. General Ciudad 
Real, Ciudad Real / R. Ruiz Salmeron, Hospital Virgen de la 
Macarena, Sevilla / J.R. Rumoroso Cuevas, Galdacano, Bilbao 
/ A. Iñiguez Romo, Hosp. Mexoeiro, Vigo Pontevedra; 

Switzerland: F.R. Eberli, University Hospital Zürich, Zürich; 
Thailand: W. Buddhari, King Chualongkorn Memorial 

Hospital, Bangkok / D. Tresukosol, Siriraj Hospital, Bangkok; 
Turkey: O. Sancaktar, Medical Park Hospital, Istanbul / M. 

Akin, Ege Saglik Hastanesi, Izmir; 
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United Kingdom: N. West, Cheltenham General Hospital, 
Cheltenham / P. Ludman, Queen Elizabeth Hospital, 
Birmingham / M. Rothman, London Chest Hospital, London / 
M. de Belder, James Cook University Hospital, Middlesbrough 
/ R.A. Henderson, Nottingham City Hospital, Nottingham / J.P. 
Greenwood, Leeds General Infirmary, Leeds / G. Haywood, 

Derriford Hospital, Plymouth / S. Brecker, St. Georges 
Hospital, London / D. Dymond, St. Bartholomew’s, London 
/ P. Glennon, Walsgrave Hospital, Coventry, West Midlands; 

Uruguay: A. Firszt, Instituto Nacional de Cirugia Cardiaca, 
Montevideo.
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