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ABSTRACT
Objective  The primary objective was to assess the 
performance of a new generation thin-strut sirolimus-
eluting coronary stent with abluminal biodegradable 
polymer in an all comer population. The secondary 
objective was to detail differences in contemporary 
percutaneous coronary intervention (PCI) practice 
worldwide.
Methods  e-Ultimaster was an all-comer, prospective, 
global registry (NCT02188355) with independent event 
adjudication enrolling patients undergoing PCI with the 
study stent. The primary outcome measure was target 
lesion failure (TLF) at 1 year, defined as the composite 
of cardiac death, target vessel myocardial infarction and 
clinically driven target lesion revascularisation. Data were 
stratified according to 4 geographical regions.
Results  A total of 37 198 patients were enrolled 
(Europe 69.2%, Asia 17.8%, Africa/Middle East 6.6% 
and South America/Mexico 6.5%) and 1-year follow-up 
was available for 35 389 patients (95.1%). One-year 
TLF occurred in 3.2% of the patients, ranging from 
2% (Africa/Middle East) to 4.1% (South America/
Mexico). In patients with acute coronary syndrome, 
potent P2Y12 inhibitors were prescribed in 48% of 
patients at discharge, while at 1 year 72% were on 
any dual antiplatelet therapy. Lipid-lowering treatment 
was administered in 80.9% and 75.5% of patients at 
discharge and 1 year, respectively. Regional differences 
in the profile of the treated patients as well as in PCI 
practice were reported.
Conclusions  In this investigation with worldwide 
representation, contemporary PCI using a new 
generation thin-strut sirolimus-eluting coronary stent 
with abluminal biodegradable polymer was associated 
with low 1-year TLF across clinical presentations 
and continents. Suboptimal adherence to current 
recommendations around antiplatelet and lipid lowering 
treatments was detected.

INTRODUCTION
Percutaneous coronary intervention (PCI) is the the 
most common modality of coronary revasculari-
sation and among the most frequently performed 
therapeutic procedures in medicine.1 While PCI 
has been extensively studied in large-scale national 
registries2–4 as well as in randomised controlled 
trials comparing it with medical management or 

coronary artery bypass surgery,5–7 comparative data 
on contemporary PCI practice across the globe 
are lacking. The main purpose of the e-Ultimaster 
registry was to assess the performance of a new 
generation thin-strut sirolimus-eluting coronary 
stent with abluminal biodegradable polymer in an 
all-comer patient population worldwide to comple-
ment the favourable data generated in randomised 
controlled trials.8 9 A secondary objective of this 
analysis was to describe contemporary PCI practice 
worldwide.

METHODS
Study design
The e-Ultimaster registry (NCT02188355) was 
an all-comer, single-arm, prospective, multicentre 
study, with clinical follow-up at 3 months and 
1 year, evaluating the performance of a new gener-
ation thin-strut sirolimus-eluting coronary stent 
with abluminal biodegradable polymer (Ultimaster; 
Terumo Corporation, Tokyo, Japan) in daily prac-
tice. Patients were enrolled between October 2014 
and June 2018 in 378 hospitals from 50 coun-
tries (online supplemental table 1). Follow-up 
was performed at 3 months at 1 year, by phone or 
hospital visit. Information collected included vital 
status, occurrence of adverse events, angina status, 
antiplatelet medication and other cardiac medica-
tion. Sites were instructed to attempt three phone 
calls and one contact by letter to obtain follow-up 
information before patient was considered lost to 
follow-up. For the purpose of the analysis, coun-
tries were grouped in four geographical regions: 
Europe, Asia, South America/Mexico and Africa/
Middle East (online supplemental figure 1 and 
online supplemental table 2). No patient or public 
was involved in the design or execution of the study.

Study population and device
All patients ≥18 years old undergoing PCI using 
a drug-eluting stent according to local hospital 
practice and with the intention to be implanted 
with the study stent were eligible. The registry 
was conducted in accordance with the Declara-
tion of Helsinki and country-specific regulatory 
requirements. The study protocol was reviewed 
and approved by the Institutional Review Board/
Ethics Committee of each participating centre and 
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all patients signed the informed consent form. The study popula-
tion used to analyse clinical outcomes during follow-up includes 
all patients who received one or more study stents on enrol-
ment and (1) completed 1 year follow-up or (2) who reached 
the primary outcome measure or (3) who died during follow-up. 
The Ultimaster coronary stent system is a new generation open-
cell cobalt–chromium thin-strut (80 µm) sirolimus-eluting stent 
with an abluminal biodegradable polymer coating (poly-D,L-
lactic acid polycaprolactone).10 Sirolimus is released over a 
3-month to 4-month period after which the polymer coating is 
fully degraded.

Clinical outcomes
The primary outcome measure was target lesion failure (TLF) 
at 1 year, defined as a composite of cardiac death, target 
vessel myocardial infarction and clinically driven target lesion 

Figure 1  Flow chart of the study population. The 1-year follow-up 
population included patients who had event that contributed to the 
primary outcome measure, died during follow-up or completed 1-year 
follow-up. DES, drug-eluting stent.

Table 1  Baseline patient characteristics

Patient characteristics All regions n=37 198 Europe n=25 736 Asia n=6614 Africa/Middle East n=2438 South America/Mexico n=2410

Age, years 64.2±11.3 (37 198) 65.5±11.1 (25 736) 60.9±10.9 (6614)* 59.6±11.4 (2438)* 63.3±10.9 (2410)*

 � Octogenarians (≥80 years) 8.8% (3286/37 198) 10.7% (2757/25 736) 4.3% (281/6614)* 4.2% (102/2438)* 6.1% (146/2410)*

Gender, male 76.0% (28 257/37 198) 75.7% (19 486/25 736) 76.3% (5049/6614) 79.9% (1947/2438)* 73.7% (1775/2410)*

Body mass index, kg/m² 27.8±4.6 (29 946) 28.1±4.7 (21 612) 26.3±4.3 (4735)* 28.3±4.6 (1718)* 27.8±4.4 (1881)*

 � ≤18.5 0.7% (222/29 946) 0.6% (128/21 612) 1.6% (74/4735)* 0.5% (8/1718) 0.6% (12/1881)

 � 18.5–24.9 27.7% (8295/29 946) 25.5% (5502/21 612) 40.1% (1900/4735)* 23.0% (395/1718)* 26.5% (498/1881)

 � 25–29.9 44.4% (13 293/29 946) 44.9% (9700/21 612) 41.2% (1951/4735)* 46.1% (792/1718) 45.2% (850/1881)

 � ≥30 27.2% (8136/29 946) 29.1% (6282/21 612) 17.1% (810/4735)* 30.4% (523/1718) 27.7% (521/1881)

Cardiovascular risk factors, n† 2.1±0.9 (32 006) 2.1±0.9 (22 399) 2.0±0.9 (5250)* 2.2±1.0 (2231)* 2.1±0.9 (2126)

Diabetes mellitus 28.4% (10 379/36 572) 24.9% (6272/25 192) 32.2% (2114/6564)* 47.0% (1140/2428)* 35.7% (853/2388)*

 � Insulin dependent 20.4% (2121/10 379) 20.0% (1255/6272) 14.0% (296/2114)* 28.1% (320/1140)* 29.3% (250/853)*

 � Non-insulin dependent 79.5% (8249/10 379) 79.9% (5012/6272) 86.0% (1817/2114)* 71.7% (817/1140)* 70.7% (603/853)*

 � Unknown 0.09% (9/10 379) 0.08% (5/6272) 0.05% (1/2114) 0.3% (3/1140) 0.0% (0/853)

Smoking

 � Never 37.0% (12 380/33 480) 33.9% (8075/23 848) 48.9% (2644/5408)* 42.1% (923/2193)* 36.3% (738/2031)*

 � Previous 29.0% (9711/33 480) 31.1% (7417/23 848) 19.9% (1078/5408)* 22.3% (490/2193)* 35.8% (726/2031)*

 � Current 23.6% (7897/33 480) 24.3% (5796/23 848) 19.0% (1025/5408)* 29.5% (647/2193)* 21.1% (429/2031)*

 � Unknown 10.4% (3492/33 480) 10.7% (2560/23 848) 12.2% (661/5408) 6.1% (133/2193) 6.8% (138/2031)

Hypertension 67.8% (22 840/33 684) 66.1% (15 624/23 632) 72.4% (4127/5698)* 64.1% (1445/2255) 78.3% (1644/2099)*

Hypercholesterolemia 59.9% (19 462/32 479) 61.6% (14 295/23 202) 55.1% (2797/5081)* 55.6% (1230/2211)* 57.4% (1140/1985)*

Family history of heart disease 36.2% (7259/20 081) 39.5% (5604/14 178) 20.7% (678/3274)* 35.9% (536/1494)* 38.9% (441/1135)

Previous MI 22.8% (7852/34 423) 21.5% (5239/24 392) 28.0% (1601/5727)* 20.8% (462/2220) 26.4% (550/2084)*

Previous revascularisation 29.1% (10 027/34 522) 29.2% (7127/24 442) 25.6% (1468/5744)* 30.9% (695/2253) 35.4% (737/2083)*

Previous PCI 26.0% (9026/34 687) 26.2% (6425/24 559) 23.3% (1342/5767)* 28.3% (642/2267)* 29.5% (617/2094)*

Previous CABG 5.6% (1938/34 562) 5.7% (1387/24 514) 3.3% (191/5745)* 6.0% (135/2255) 11.0% (225/2048)*

Atrial fibrillation on OAC 5.6% (1925/34 450) 6.8% (1651/24 359) 2.6% (150/5743)* 3.0% (69/2283)* 2.7% (55/2065)*

Previous stroke 5.4% (1879/34 577) 5.8% (1415/24 501) 5.8% (328/5682) 2.6% (60/2314)* 3.7% (76/2080)*

Peripheral vascular disease 6.7% (2255/33 880) 7.3% (1758/23 958) 5.1% (286/5655)* 5.9% (131/2222)* 3.9% (80/2045)*

Congestive heart failure 11.36% (3823/33 649) 9.5% (2255/23 821) 23.6% (1312/5552)* 6.1% (136/2242)* 5.9% (120/2034)*

Renal impairment 7.00% (2548/36 407) 6.9% (1731/25 134) 8.0% (522/6547)* 5.5% (128/2333)* 7.0% (167/2393)

Clinical presentation

 � CCS 44.9% (16 672/37 171) 44.7% (11 482/25 715) 48.4% (3199/6613)* 42.0% (1024/2436)* 40.2% (967/2407)*

 � NSTE-ACS 35.0% (12 992/37 171) 35.7% (9191/25 715) 31.2% (2064/6613)* 37.6% (915/2436) 34.2% (822/2407)

 � STEMI 20.2% (7507/37 171) 19.6% (5042/25 715) 20.4% (1350/6613) 20.4% (497/2436) 25.7% (618/2407)*

Data are mean±SD for continuous variables with or % (n) for categorical variables. The number of patients with available data is indicated in brackets. The p value for the 
comparison over all four regions was <0.0001 for all variables.
Renal impairment: defined as estimated glomerular filtration rate <60 mL/min/1.73 m². Cardiovascular risk factors include diabetes, current smoking, hypertension, 
hypercholesterolemia and family history of CV disease
*Indicates a p value <0.05 for the difference in characteristics between the region as compared to Europe.
†Defines diabetes, current smoking, hypertension, hypercholesterolemia and family history of heart disease.
CABG, coronary artery bypass graft; CCS, chronic coronary syndromes; CV, cardiovascular; MI, myocardial infarction; NSTE-ACS, non-ST-segment elevation acute coronary 
syndrome; OAC, oral anticoagulant; PCI, percutaneous coronary intervention; RCA, right coronary artery; STEMI, ST-segment elevation myocardial infarction.
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revascularisation (endpoint definitions reported in online 
supplemental table 3). Prespecified secondary outcome measures 
included any death, cardiac death, myocardial infarction, target 
lesion revascularisation, target vessel revascularisation, target 
vessel failure (composite of cardiac death, target vessel myocar-
dial infarction and target vessel revascularisation), the composite 
of any death, any myocardial infarction and any coronary revas-
cularisation, stent thrombosis, and major vascular and bleeding 
complications. A clinical events committee reviewed and adjudi-
cated all the reported adverse events possibly related to death, 
myocardial infarction, target lesion or target vessel revasculari-
sation and stent thrombosis (online supplemental table 4). For 
the purpose of the study, length of stay was defined as [(date 
of discharge–date of procedure)+1]; that is, length of stay=1 
means discharge on the same day of the procedure.

Statistical analysis
Patient demographics, comorbidities, target lesion charac-
teristics, procedural characteristics and medication use were 
analysed per geographical region and were summarised using 
mean±SD for continuous variables and frequencies and percent-
ages for categorical variables. A comparison was made over all 
regions, using ANOVA (if variances were equal) or Welch test 
(if variances were unequal) for continuous variables and χ² test 
for categorical variables. In addition, comparisons were made 
between each region and Europe, using Student’s t-test (para-
metric) or Kruskal-Wallis test (non-parametric) for continuous 
variables and χ² test or Fisher exact test for categorical variables. 
A univariate logistic regression model was used to calculate the 

OR with 95% CI for primary and secondary outcome measures 
for each region as compared with Europe. To identify predic-
tors of the primary outcome measure, a stepwise logistic regres-
sion model was used with p values to enter and stay in the 
model set to p=0.25 and p=0.10, respectively. The variables 
entered in the model were age, sex, body mass index, diabetes 
mellitus, hypertension, hypercholesterolemia, smoking, renal 
failure, previous PCI, previous coronary artery bypass surgery, 
previous myocardial infarction, non-ST-elevation acute coro-
nary syndromes (NSTE-ACS), ST-elevation myocardial infarc-
tion (STEMI), multivessel disease, number of lesion identified, 
number of lesions treated, treated vessel, bifurcation, chronic 
total occlusion, in-stent restenosis, ostial lesions, moderate to 
severe calcification, AHA/ACC lesion type, small vessels, long 
lesions, number of implanted study stents, length of implanted 
study stent, radial access and geographical region. Missing values 
were imputed with the mean value of the selected group. Statis-
tical analyses were performed using SAS software, V.9.4 (SAS 
Institute, Inc., Cary, NC, USA).

RESULTS
Patient and procedural characteristics
A total of 37 198 patients were included in the study and 
35 389 patients (95.1%) completed 1-year follow-up (figure 1). 
With respect to regional distribution, 25 736 (69.2%), 6614 
(17.8%), 2438 (6.6%) and 2410 (6.5%) patients were enrolled 
in Europe, Asia, Africa/Middle East and South America/Mexico, 
respectively. Patient’s characteristics stratified per region of 

Table 2  Coronary artery disease at angiography and characteristics of the treated lesions

All regions n=37 198 Europe n=25 736 Asia n=6614 Africa/Middle East n=2438 South America/Mexico n=2410

Extension of coronary disease

Multivessel disease 46.1% (17 147/37 198) 45.4% (11 627/25 736) 46.9% (3104/6614)* 54.7% (1334/2438)* 43.0% (1037/2410)*

 � 1-vessel disease 53.8% (20 029/37 198) 54.6% (14 062/25 736) 53.1% (3509/6614)* 45.2% (1101/2438)* 56.3% (1357/2410)

 � 2-vessel disease 29.2% (10 867/37 198) 29.8% (7660/25 736) 26.3% (1738/6614)* 32.5% (792/2438)* 28.1% (677/2410)

 � 3-vessel disease 16.9% (6269/37 198) 15.6% (4007/25 736) 20.6% (1364/6614)* 22.2% (541/2438)* 14.8% (357/2410)

Vessel treated

 � Left main 3.1% (1158/37 198) 3.2% (825/25 736) 2.7% (179/6614)* 2.6% (63/2438) 3.8% (91/2410)

 � LAD 51.6% (19 177/37 198) 50.7% (13 048/25 736) 51.7% (3420/6614) 58.9% (1436/2438)* 52.8% (1273/2410)*

 � CFX 27.8% (10 343/37 198) 28.0% (7195/25 736) 25.1% (1660/6614)* 33.7% (822/2438)* 27.6% (666/2410)

 � RCA 34.3% (12 765/37 198) 34.5% (8878/25 736) 33.5% (2214/6614) 35.5% (865/2438) 33.5% (808/2410)

 � Graft (arterial or venous) 1.2% (444/37 198) 1.4% (355/25 736) 0.4% (29/6614)* 1.4% (33/2438) 1.1% (27/2410)

Lesion characteristics

N of lesions identified, per patient 1.8±1.1 (37 176) 1.8±1.1 (25 734) 1.9±1.2 (6613)* 2.0±1.1 (2435)* 1.8±1.0 (2394)*

N of lesions treated, per patient 1.3±0.6 (37 158) 1.3±0.6 (25 729) 1.2±0.5 (6605)* 1.5±0.7 (2432)* 1.3±0.6 (2392)

Lesion characteristics, per patient

 � CTO 5.1% (1884/37 198) 4.6% (1195/25 736) 6.5% (428/6614)* 4.5% (109/2438) 6.3% (152/2410)*

 � Bifurcation 11.8% (4395/37 198) 13.1% (3361/25 736) 7.8% (515/6614)* 11.9% (290/2438) 9.5% (229/2410)*

 � Small vessels 43.7% (16 241/37 198) 42.8% (11 016/25 736) 43.2% (2858/6614) 48.8% (1190/2438)* 48.8% (1177/2410)*

 � Long lesions 37.3% (13 885/37 198) 34.8% (8960/25 736) 41.9% (2768/6614)* 45.9% (1120/2438)* 43.0% (1037/2410)*

Lesion characteristics, per lesion

 � ACC/AHA classification

 � Type B2 lesion 22.0% (10 923/49 751) 22.2% (7721/34 797) 20.4% (1642/8033)* 16.5% (605/3659)* 29.3% (955/3262)

 � Type C lesion 20.6% (10 246/49 751) 20.6% (7165/34 797) 21.6% (1733/8033) 17.0% (622/3659)* 22.3% (726/3262)

 � Ostial lesions 5.6% (2780/49 347) 5.9% (2044/34 427) 4.2% (337/8032)* 6.4% (232/3642) 5.1% (167/3246)

 � Moderate/severe calcification 18.1% (8930/49 347) 19.4% (6667/34 427) 9.5% (762/8032)* 15.1% (550/3642)* 29.3% (951/3246)

Data are mean±SD for continuous variables with or % (n) for categorical variables. The number of patients with available data is indicated in brackets. The p value for the comparison over all 4 
regions was <0.0001 for all variables, except for left main (overall p=0.017) and RCA (overall p=0.21). A * indicates a p value <0.05 for the difference in characteristics between the region as 
compared with Europe.
Lesion characteristics at index procedure are reported. Small vessels are defined as at least 1 stent with diameter ≤2.75 mm. Long lesions are defined as at least 1 stent with length ≥25 mm.
ACC/AHA, American College of Cardiology/American Heart Association; CFX, circumflex; CTO, chronic total occlusion; LAD, left anterior descending artery; RCA, right coronary artery.
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enrolment are summarised are detailed in table 1. The majority 
of the patients across the continents were treated for ACS, while 
STEMI patients comprised 20.2% of the overall cohort. Details 
on coronary artery disease at angiography and on the character-
istics of the lesions treated are reported in table 2.

The proportion of patients undergoing PCI via transra-
dial access ranged from 50.2% (Africa/Middle East) to 88.1% 
(Europe). This access route was used in 80.1% of patients with 
chronic coronary syndromes (CCS), 84.3% of patients with 
NSTE-ACS and 83.5% of patients with STEMI (p<0.001) 
(figure 2). Technical details on the PCI procedure are reported 
in online supplemental table 5. In the vast majority of cases, the 

procedure consisted of solely balloon angioplasty and stenting, 
while the use of additional devices such as atherectomy or 
cutting balloons was limited to 1.1% or less of the procedures in 
all continents. Balloon dilatation prior to stent deployment (ie, 
pre-dilatation) was performed in 51.4% (Africa/Middle East) to 
59.3% of lesions (South America/Mexico), while balloon post-
dilatation to optimise stent expansion was applied in 37.4% 
(South America/Mexico) to 47.5% (Asia) of lesions. In STEMI, 
thrombus aspiration was performed in 9.4% (Africa/Middle 
East) to 21% of the patients (Asia), while in saphenous vein graft 
interventions, distal protection was applied in 5.4% of cases. 
Intravascular imaging was rarely used, with the exception of 
Japan (97.5% use) (online supplemental figure 2). The use of 
closure devices for femoral access ranged from 9.6% (Asia) to 
72.6% (Europe).

Antithrombotic and lipid-lowering treatments
The use of unfractionated heparin during PCI exceeded 90% 
across the continents, with the exception of Asia, where low 
molecular weight heparin was used in 31% of the cases (in 
11% in patients with CCS and in 46% in patients with ACS) 
(online supplemental table 6). Intravenous glycoprotein IIb/
IIIa receptor inhibitors were used in less than 2% and 10% of 
PCI for CCS and ACS, respectively. The use of dual antiplatelet 
therapy (DAPT) at discharge, 3 months and 1 year stratified for 
the clinical presentation across the continents are depicted in 
figure 3 and online supplemental table 7. Potent P2Y12 inhibi-
tors at discharge were administered in 48.0% of patients with 
ACS (online supplemental table 7 and online supplemental 
figure 3). A total of 6.1% of patients were discharged on oral 
anticoagulants, ranging from 2.0% (South America/Mexico) to 
7.5% (Europe). Prescription of lipid-lowering therapy (ie, of any 
lipid-lowering agent) in the overall population was 80.9% at 
discharge and 75.5% at 1 year (figure 4). Rates of lipid-lowering 
agents at 1 year according to region and clinical presentation are 
reported in online supplemental table 8.

Periprocedural complications, length of stay and 1-year 
clinical outcomes
Angiographic complications, defined as coronary perforation or 
spasm, no reflow, side branch occlusions or residual thrombus, 
occurred in 2.3%, 3.1% and 5.2% in patients presenting with 
CCS, NSTE-ACS and STEMI, respectively (p<0.0001). Online 
supplemental table 9 reports the event rates stratified per clinical 
presentation and geographical region. The median (10th−90th 
percentile) length of hospital stay post-procedure ranged from 
2 (1−4) for patients with CCS to 3 (1–7) for NSTE-ACS, and 
4 (2–10) for patients with STEMI. Regional data for length of 
hospital stay post-procedure are reported in online supplemental 

Figure 2  Radial access according to clinical presentation per region. 
CCS, chronic coronary syndrome; NSTE-ACS, non-ST-segment elevation 
acute coronary syndrome; STEMI, ST-segment elevation myocardial 
infarction.

Figure 3  Dual antiplatelet therapy at discharge and at follow-up 
according to clinical indication. ACS, acute coronary syndrome; CCS, 
chronic coronary syndrome; DAPT, dual antiplatelet therapy.

Figure 4  Lipid-lowering treatment in the overall patient population.
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table 10. The primary outcome measure of the study, TLF at 
1 year, occurred in 3.2% of the patients, while definite or prob-
able stent thrombosis and bleedings at 1 year occurred in 0.7% 
and 2.9% of the patients, respectively. Table 3 summarises the 
1-year clinical outcomes stratified per region while the corre-
sponding event rates according to clinical presentations are 
reported in online supplemental tables 11−13. Independent 
predictors of TLF at 1 year are reported in table 4.

DISCUSSION
The main finding of e-Ultimaster, a global registry with indepen-
dent event adjudication, was that PCI performed with a new gener-
ation thin-strut sirolimus-eluting coronary stent with abluminal 
biodegradable polymer was associated with low rates of TLF at 
1 year across patient’s clinical presentations and continents (<5% 
for virtually all analyses). Device safety was remarkable with a 
definite or probable stent thrombosis rate at 1 year <1%. These 
results expand to an all comer and far bigger population treated 
in clinical practice the favourable outcomes of PCI with the same 
device observed in randomised controlled trials, which have previ-
ously shown a 1-year TLF rate of 5.4% among 551 patients with 
stable and unstable coronary disease and a 1-year TLF rate of 6.1% 
among 375 patientgs with STEMI.9 11 Independent predictors of 
1-year TLF in our study included clinical characteristics such as 
age, diabetes, renal insufficiency, ACS at presentation and previous 
revascularisation as well as lesion-specific and procedural predic-
tors, all markers of disease complexity. The performance of PCI in 
Europe, as compared with Asia and Africa/Middle East, was asso-
ciated with an increased risk of TLF. The observational nature of 
the study does not allow conclusion on whether this finding may 

be due to differences in technique, case selection or unmeasured 
confounders.

The true global nature of the study allowed for an unprecedented 
simultaneous assessment of current PCI practices across different 
regions in the world. Accordingly, worldwide comparative data on 
contemporary PCI practices are lacking while available data are 
limited to few countries and specific aspects of the procedure, such 
as antiplatelet treatment or vascular access.12 13 Limitations of the 
few ‘global’ PCI studies included the use of first-generation drug-
eluting stents or an enrolment essentially limited to Western coun-
tries.14 15 We detected major differences in the profile of patients 
undergoing PCI, procedural practices, pharmacological treatments 
and outcomes. With respect to the profile of the patients treated, 
the majority were men over the age of 60 years, while the propor-
tion of octogenarians differed by more than a factor 2 across the 
continents. More than a quarter of the patients had diabetes, with 
the prevalence approaching half in Africa/Middle East. In accor-
dance to current guidelines, the main indication for PCI across the 
continents was ACS.16–18 Our study showed that radial access has 
become the vascular access site of choice worldwide, with a use 
ranging from one out of two procedures in Africa/Middle East to 
virtually nine out of ten in Europe. While in Europe the use of radial 
approach was widely embraced for all clinical presentation, in Asia 
and Africa/Middle East this access route was more frequently used 
in patients with ACS than those with CCS. The choice of the tran-
sradial approach for the entire spectrum of clinical presentations is 
in line with recent guidelines and supported by our study, showing 
that the use of this vascular access site was protective with respect 
to 1-year TLF.19 For patients treated via a femoral approach, the 
use of vascular closure devices showed a great deal of variation, 

Table 3  One-year clinical outcomes

All regions n=35 389 Europe n=24 819 Asia n=6305
Africa/Middle East 
n=2081

South America/Mexico 
n=2184 P value

Target lesion failure† 3.2% (1135/35 389) 3.5% (867/24 819) 2.2% (137/6305)* 2.0% (41/2081)* 4.1% (90/2184) <0.0001

 � Cardiac death† 1.3% (455/35 389) 1.3% (320/24 819) 0.9% (59/6305)* 0.9% (19/2081) 2.6% (57/2184)* <0.0001

 � Target vessel MI† 0.9% (316/35 389) 1.1% (271/24 819) 0.4% (22/6305)* 0.6% (13/2081)* 0.5% (10/2184)* <0.0001

 � Clinically driven TLR† 1.7% (591/35 389) 1.9% (458/24 819) 1.2% (78/6305)* 1.1% (22/2081)* 1.5% (33/2184) <0.0001

All-cause death† 2.1% (746/35 389) 2.2% (539/24 819) 1.6% (101/6305)* 1.4% (28/2081)* 3.6% (78/2184)* <0.0001

All MI† 1.2% (423/35 389) 1.5% (361/24 819) 0.4% (25/6305)* 1.1% (22/2081) 0.7% (15/2184)* <0.0001

Revascularisations

 � TVR† 2.4% (830/35 389) 2.6% (655/24 819) 1.6% (100/6305)* 1.4% (28/2081)* 2.2% (47/2184) <0.0001

 � TV non-TLR† 0.7% (261/35 389) 0.9% (226/24 819) 0.3% (17/6305)* 0.3% (6/2081)* 0.6% (12/2184) <0.0001

 � TLR† 1.7% (614/35 389) 1.9% (469/24 819) 1.4% (86/6305)* 1.1% (23/2081)* 1.7% (36/2184) <0.0001

Clinically driven 
revascularisations

 � TVR† 2.3% (800/35 389) 2.6% (638/24 819) 1.4% (91/6305)* 1.3% (27/2081)* 2.0% (44/2184) <0.0001

 � TV non-TLR* 0.7% (252/35 389) 0.9% (218/24 819) 0.3% (16/6305)* 0.3% (6/2081)* 0.6% (12/2184) <0.0001

Target vessel failure* 3.7% (1308/35 389) 4.1% (1016/24 819) 2.4% (148/6305)* 2.2% (46/2081)* 4.5% (98/2184) <0.0001

Stent thrombosis†

 � Definite † 0.4% (146/35 389) 0.5% (125/24 819) 0.1% (9/6305)* 0.2% (4/2081)* 0.4% (8/2184) <0.0001

 � Probable† 0.3% (94/35 389) 0.2% (60/24 819) 0.2% (13/6305) 0.2% (4/2081) 0.8% (17/2184)* <0.0001

 � Definite/probable† 0.7% (238/35 389) 0.7% (183/24 819) 0.4% (22/6305)* 0.4% (8/2081) 1.1% (25/2184)* <0.0001

 � Possible† 0.5% (190/35 389) 0.6% (141/24 819) 0.4% (23/6305)* 0.4% (8/2081) 0.8% (18/2184) <0.0001

All bleedings 2.9% (1013/35 389) 3.7% (923/24 819) 0.6% (36/6305)* 0.7% (15/2081)* 1.8% (39/2184)* <0.0001

BARC 2–5 bleeding 2.1% (743/35 389) 2.7% (675/24 819) 0.5% (29/6305)* 0.6% (12/2081)* 1.2% (27/2184) <0.0001

BARC 3–5 bleeding 0.9% (304/35 389) 1.1% (265/24 819) 0.2% (14/6305)* 0.4% (8/2081)* 0.8% (17/2184) <0.0001

Events are reported as % (n) in the patient population that reached 1-year follow-up, died during follow-up or who had event that contributed to the primary outcome measure (n=35 389). The p 
value is given for the comparison over all 4 regions.
Target lesion failure: composite of cardiac death, TV-MI or clinically driven TLR. Target vessel failure: composite of cardiac death, TV-MI or clinically driven TVR.
*Indicates a p value <0.05 for the difference in characteristics between the region as compared with Europe.
†Events were adjudicated by an independent Clinical Event Committee.
MI, myocardial infarction; TV non-TLR, target vessel but non-target lesion revascularisation; TLR, target lesion revascularisation; TVR, target vessel revascularisation.
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ranging from less than 10% in Asia to almost three-quarters of all 
cases in Europe. In the absence of adequately powered randomised 
controlled trials, current guidelines do not provide recommenda-
tions in favour or against the use of those devices.

In our study, the PCI procedure consisted of solely balloon 
angioplasty and stenting in the vast majority of cases, while 
additional devices such as atherectomy or cutting balloons were 
rarely used (in 2% or less across the continents). We showed 
that balloon dilatation prior to stent implantation was more 
frequently performed than balloon post-dilatation (applied in 
less than half of the cases). Intravascular imaging was rarely 
performed, with the exception of Japan where it was used in the 
vast majority of procedures. The old and inexpensive unfrac-
tionated heparin remained the peri-procedural anticoagulant 
of choice across patient’s clinical presentations and continents, 
being used in more than 9 out of 10 procedures.18 19 Glycopro-
tein IIb/IIIa receptor inhibitors were rarely administered, even 
in the setting of ACS. Virtually all patients received DAPT at 
discharge. However, approximately 1 out of 5 of patients 
presenting with CCS was discharged on ticagrelor or prasugrel 
instead of the guideline-recommended clopidogrel. In addi-
tion, DAPT was still administered in 2 out of 3 patients with 
CCS at 1 year, while the recommended DAPT duration for this 
indication is 6 months.20 The proportion of patients with CCS 
on DAPT at 1 year was as high as 8 to 9 out of 10 patients in 

Asia, Africa/Middle East and South America/Mexico, although 
such a strategy has been associated with increased bleeding risk 
in the absence of an ischaemic benefit.21 Remarkable was the 
finding that less than half of patients with ACS were discharged 
on a potent P2Y12 inhibitor (ie, ticagrelor or prasugrel), with a 
proportion being as low as 1 in 7 in South America/Mexico. This 
was despite the strong recommendation in guidelines for both 
agents over clopidogrel.18 Likely explanation for this finding is 
that in some countries these agents may either not be commer-
cialised or too expensive. In all regions, the prescription of tica-
grelor surpassed by more than a factor 6 the one of prasugrel. 
The guideline-recommended DAPT duration of 1 year in ACS 
was prescribed in less than three quarters of the patients, with 
Europe showing the lowest rate (2 out of 3 patients), while in 
other continents the rate exceeded 80%.18 Although e-Ultimaster 
did not collect all the parameters allowing for a formal bleeding 
risk assessment, the risk profile of the patients (eg, mean age 
64 years, renal insufficiency 7%, prior stroke 5%, need for oral 
anticoagulation 6%) and the low bleeding rates observed do not 
seem to justify earlier DAPT discontinuation. Our findings are in 
line with an international myocardial infarction registry showing 
that 1 patient out of 4 was not on DAPT at 1 year.13

Despite the wealth of data and the clear-cut recommendations 
for secondary prevention for lipid-lowering agents, our study 
demonstrates that lipid-lowering treatment was suboptimal, 

Table 4  Predictors for 1-year target lesion failure

Univariable Multivariable

Predictor OR 95% CI P value  �  OR 95% CI P value

Region  �

Europe vs Asia 1.63 1.36 to 1.96 <0.0001 Europe vs Asia 1.56 1.29 to 1.89 <0.0001

Europe vs Africa/Middle East 1.80 1.31 to 2.47 0.0003 Europe vs Africa/Middle East 2.01 1.45 to 2.79 <0.0001

Europe vs South America/Mexico 0.84 0.67 to 1.05 0.13 Europe vs South America/Mexico 0.91 0.72 to 1.14 0.39

Clinical  �

Age (+10 years) 1.33 1.27 to 1.41 <0.0001 Age (+10 years) 1.17 1.10 to 1.24 <0.0001

Body mass index (+5 kg/m²) 0.95 0.89 to 1.02 0.17 Body mass index (+5 kg/m²) 0.93 0.87 to 1.01 0.073

Diabetes 1.62 1.43 to 1.83 <0.0001 Diabetes 1.44 1.26 to 1.64 <0.0001

Renal impairment 2.77 2.36 to 3.26 <0.0001 Renal impairment 1.92 1.62 to 2.29 <0.0001

Previous PCI 1.68 1.48 to 1.90 <0.0001 Previous PCI 1.42 1.23 to 1.63 <0.0001

Previous CABG 2.55 2.12 to 3.07 <0.0001 Previous CABG 1.30 1.03 to 1.65 0.027

NSTE-ACS 1.13 1.00 to 1.28 0.049 NSTE-ACS 1.20 1.05 to 1.38 0.0093

STEMI 1.04 0.90 to 1.21 0.57 STEMI 1.58 1.33 to 1.87 <0.0001

Multivessel disease 1.67 1.48 to 1.89 <0.0001  �

Lesion/procedural

No of lesions identified (+1) 1.33 1.27 to 1.39 <0.0001 No of lesions identified (+1) 1.24 1.17 to 1.31 <0.0001

No of lesions treated (+1) 1.30 1.19 to 1.41 <0.0001 No of lesions treated (+1) 0.81 0.70 to 0.93 0.0022

RCA treated 0.74 0.65 to 0.84 <0.0001 RCA treated 0.73 0.64 to 0.84 <0.0001

Left main treated 3.38 2.75 to 4.17 <0.0001 Left main treated 1.88 1.49 to 2.38 <0.0001

Graft treated 4.03 3.00 to 5.46 <0.0001 Graft treated 1.83 1.26 to 2.66 0.0016

Bifurcation 1.77 1.52 to 2.06 <0.0001 Bifurcation 1.32 1.12 to 1.56 0.0011

In-stent restenosis 1.73 1.40 to 2.04 <0.0001 In-stent restenosis 1.24 0.98 to 1.57 0.068

Moderate/severe calcification 1.50 1.31 to 1.71 <0.0001  �

Lesion type B2 1.38 1.21 to 1.57 <0.0001  �

Lesion type C 1.43 1.25 to 1.62 <0.0001  �

Small vessels 1.23 1.10 to 1.39 0.0005  �

Total stent length 1.008 1.006 to 1.011 <0.0001  �

No of stents implanted (+1) 1.30 1.23 to 1.37 <0.0001 No of stents implanted (+1) 1.26 1.15 to 1.37 <0.0001

Radial access 0.73 0.64 to 0.85 <0.0001 Radial access 0.81 0.69 to 0.94 0.0066

CABG, coronary artery bypass graft; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; PCI, percutaneous coronary intervention; RCA, right coronary artery; STEMI, 
ST-segment elevation myocardial infarction.
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with approximately 1 in 5 and 1 in 4 patients not receiving 
lipid-lowering treatment at discharge and 1 year, respectively.22 
Our findings reproduce on a global scale prior observation from 
national and multi-national registries.23 Little is known about 
differences in current length of stay following PCI across the 
globe. In our study, the post-procedural length of stay ranged 
considerably according to clinical presentation and geograph-
ical areas. The greatest variation was observed in the rate of 
same-day discharge among patients treated with PCI for CCS, 
ranging from 1/20 in Asia to 2/3 in South America/Mexico. Such 
differences cannot be explained by medical reasons alone and are 
likely related to specificities of the healthcare system and reim-
bursement issues. Notable was the variation in post-procedural 
length of stay we observed in patients with STEMI, ranging from 
a median of 4 days in Europe and Africa/Middle East to a median 
of 6 days in Asia.

Our study has several limitations inherent to the nature of 
the investigation. While the registry had no exclusion criteria 
other than age less than 18 years and unwillingness to sign the 
informed consent and encouraged the enrolment of a true all-
comer population, the 1-year mortality observed is substantially 
lower than the one documented in other PCI datasets with 
systematic inclusion, revealing the selection of a low-risk popu-
lation.24 25 While all deaths, myocardial infarctions, target lesion 
and target vessel revascularisations as well as stent thromboses 
were adjudicated by an independent clinical events committee, 
other outcome measures were not. Since the measurement of 
cardiac enzymes post-PCI was left at the discretion of the inves-
tigators according to local practice, the incidence of peripro-
cedural myocardial infarctions may have been underestimated. 
While systematic online data monitoring was performed, under-
reporting of events cannot be excluded. Enrolment was not 
equally distributed among regions; however, even in regions 

less well represented, such as Africa/Middle East and South 
America/Mexico, the recruitment approached 2500 patients. In 
addition, practice in countries aggregated to a region were likely 
non-homogenous. As the study stent was not overall approved, 
countries with high PCI volumes such as the USA or China could 
not be included in the study. Finally, loss to follow-up (less than 
5%) may have been a source of bias. Baseline characteristics 
of patients with and without follow-up are reported in online 
supplemental table 14.

In summary, this study, unmatched to our knowledge in size 
as well as global representation, showed a remarkable perfor-
mance of a new generation thin-strut biodegradable-polymer 
sirolimus-eluting stent, with low TLF as well as stent throm-
bosis rates at 1 year across clinical presentations and continents. 
Differences in PCI practice across the globe, such as in the use 
of transradial access, were outlined and suboptimal adherence 
to current recommendations on DAPT as well as lipid-lowering 
therapies were detected. Notable was the administration of 
DAPT 1 year post-PCI in the vast majority of patients with CCS 
in several regions of the world and the low prescription rate 
of potent P2Y12 in patients with ACS. These findings are a call 
for standardisation of PCI practice and pharmacological treat-
ment post-PCI. Tools to facilitate worldwide implementation of 
guideline-recommended treatments should be investigated.
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Key messages

What is already known on this subject?
	⇒ While randomised controlled trials have established the 
efficacy and safety of a new generation thin-strut sirolimus-
eluting coronary stent with abluminal biodegradable 
polymer, information on the performance of the device in 
a real-world setting are sparse. Although percutaneous 
coronary intervention (PCI) is one of the most frequently 
performed invasive therapeutic procedures in medicine, data 
on contemporary practice worldwide as well as on regional 
differences are lacking.

What might this study add?
	⇒ This study expands the favourable performance profile of the 
study stent observed in randomised controlled trials to an 
all-comer population in daily practice. In addition, it outlines 
differences in PCI practice worldwide and showed, among 
other findings, a suboptimal prescription of antiplatelet as 
well as lipid-lowering agents.

How might this impact on clinical practice?
	⇒ This study supports the use of a new generation thin-
strut sirolimus-eluting coronary stent with abluminal 
biodegradable polymer, independently of clinical presentation 
and local PCI practice. In addition, it calls for a better 
compliance with practice guidelines, in particular with respect 
to pharmacological treatment post-PCI.
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