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Abstract
Aims: To examine outcomes in patients with ST-segment elevation myocardial infarction (STEMI) treated 
with primary percutaneous coronary intervention (PCI) at US sites versus sites outside the US (OUS).

Methods and results: In the HORIZONS-AMI trial 3,602 STEMI patients in 11 countries were randomised 
to primary PCI with bivalirudin versus heparin + glycoprotein IIb/IIIa inhibitors. US patients (n=814) had 
more diabetes, prior infarction, prior bypass surgery, and renal insufficiency. OUS patients (n=2,788) had 
longer door-to-balloon times, more radial access, fewer bypass surgeries, and were discharged more often on 
beta-blockers and statins. At three years US patients had higher mortality (9.7% vs. 6.0%, p=0.0003), rein-
farction (10.2% vs. 6.4%, p=0.001), major adverse cardiac events (MACE; 28.2% vs. 20.1%, p<0.0001), 
major bleeding (16.9% vs. 6.4%, p<0.0001) and net adverse clinical events (NACE; 36.6% vs. 23.8%, 
p<0.0001), which persisted after adjusting for baseline risk.

Conclusions: In the HORIZONS-AMI trial, STEMI patients undergoing primary PCI at US versus OUS 
sites had higher rates of adverse events, which persisted after adjusting for baseline risk. The reasons for these 
differences are not clear but may be due to unmeasured confounders, different thresholds for event reporting, 
or valid differences in systems of care and treatments. Registration: ClinicalTrials.gov number NCT00433966.
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Introduction
Primary percutaneous coronary intervention (PCI) reduces mortal-
ity, reinfarction and stroke compared to fibrinolytic therapy, and 
has become the preferred reperfusion strategy for patients with ST-
segment elevation myocardial infarction (STEMI)1-3. Despite simi-
larities between evidence-based guidelines for the management of 
myocardial infarction in the US and other countries1,2, there are 
considerable variations in practice patterns and outcomes between 
different countries4-6. There are limited data examining outcomes in 
STEMI patients treated in the US compared to sites outside the United 
States (OUS), and most such data are from the thrombolytic era4-6.

The HORIZONS-AMI (Harmonizing Outcomes with RevascularI-
ZatiON and Stents in Acute Myocardial Infarction) trial was a prospective, 
randomised, international trial that evaluated bivalirudin versus heparin 
plus glycoprotein IIb/IIIa platelet inhibitors (GPI) and paclitaxel-eluting 
stents (PES) versus bare metal stents (BMS) in patients undergoing pri-
mary PCI for STEMI7,8. As one of the largest international, randomised tri-
als of primary PCI to date, HORIZONS-AMI provided a unique 
opportunity to compare patient outcomes according to geographic region.
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The purpose of the present study is to compare outcomes between 
patients enrolled at US and OUS sites, and to evaluate potential rea-
sons for differences in outcomes by comparing geographic-specific 
patient risk profiles and variations in clinical practice patterns.

Methods
PATIENT POPULATION AND STUDY PROTOCOL
HORIZONS-AMI was a prospective, randomised, multicentre trial 
comparing bivalirudin monotherapy to heparin plus GPI, and PES 
to BMS in patients with STEMI undergoing a primary PCI manage-
ment strategy7. Consecutive patients ≥18 years old with symptom 
duration >20 minutes and <12 hours and ST-segment elevation of 
≥1 mm in ≥2 contiguous leads, new left bundle branch block, or 
true posterior MI were considered for enrolment. The study com-
plies with the Declaration of Helsinki, was approved by the institu-
tional review board or ethics committee at each participating centre, 
and all patients signed informed consent.

RANDOMISATION
Patients were randomised to bivalirudin alone or unfractionated heparin 
plus GPI. Randomisation was stratified by: a) administration of pre-ran-
domisation heparin; b) administration of clopidogrel 300 mg or 600 mg 
prior to catheterisation; c) administration of abciximab vs. eptifibatide in 
patients randomised to the control group; and d) US or OUS study site. 
Following coronary angiography, patients were treated by PCI, coronary 
artery bypass graft surgery (CABG) or medical management at the phy-
sician’s discretion7. Eligible patients undergoing PCI were randomised 
3:1 to either TAXUSTM EXPRESS PES (Boston Scientific, Natick, MA, 
USA) or uncoated EXPRESS BMS (Boston Scientific).

MEDICATIONS
Bivalirudin was administered as an IV bolus of 0.75 mg/kg and 
infusion of 1.75 mg/kg/hr. Heparin was administered in the control 

group as an IV bolus of 60 IU/kg with subsequent boluses targeted 
to an activated clotting time of 200-250 seconds. Both antithrombin 
agents were discontinued as per protocol at the completion of angi-
ography or PCI. Either abciximab or double-bolus eptifibatide was 
permitted as per the investigator’s discretion in patients assigned to 
heparin plus GPI, and was continued for 12 hours (abciximab) or 
12-18 hours (eptifibatide). Aspirin 324 mg chewed or 500 mg IV 
was given in the emergency room, followed by 300-325 mg PO 
daily during the hospitalisation and minimum 75 mg daily indefi-
nitely thereafter. Clopidogrel (300 or 600 mg as per the investiga-
tor’s discretion) was administered prior to catheterisation, followed 
by 75 mg PO daily for 6-12 months.

FOLLOW-UP AND ENDPOINTS
Clinical follow-up was performed at 30 days, six months, one year, 
two years and three years. Prespecified endpoints included death, 
reinfarction, ischaemia-driven target vessel revascularisation (TVR), 
stroke, protocol-defined major bleeding not related to CABG, defi-
nite or probable stent thrombosis (ARC criteria9), MACE (major 
adverse cardiac events comprising death, reinfarction, ischaemic 
TVR or stroke), and NACE (net adverse clinical events comprising 
MACE or non-CABG-related major bleeding). An independent clini-
cal events committee blinded to treatment assignment adjudicated all 
adverse ischaemic and bleeding events using original source docu-
ments and procedural angiograms. 

STATISTICAL METHODS
Categorical outcomes were compared by chi-square or Fisher’s 
exact test. Continuous variables were compared by the Wilcoxon 
rank-sum test. The 30-day and three-year event analyses were per-
formed using Kaplan-Meier estimates, and were compared with 
the log-rank test. Multivariable analyses were performed with 
Cox regression. Baseline variables with p-values <0.1 on univari-
able analysis were entered into the models and retained with 
p-values <0.1. Treatment site (US versus OUS) was included in 
all models.

Results
PATIENTS AND BASELINE CHARACTERISTICS
Between March 2005 and May 2007, 3,602 patients with STEMI 
undergoing primary PCI were enrolled at 123 centres in 11 coun-
tries; 814 patients (22.6%) were from the US and 2,788 (77.4%) 
from OUS. Patients enrolled at US sites had more hypertension, 
hyperlipidaemia, diabetes and a higher body mass index (BMI) 
(Table 1). US patients were more likely to have prior infarction, 
prior coronary artery bypass surgery, were more often black or 
Hispanic, had lower left ventricular ejection fraction, and less 
TIMI 2-3 flow on initial angiography. The infarct artery for US 
patients was less often the left anterior descending and more often 
the right coronary artery or a saphenous vein graft. OUS patients 
had a higher incidence of smoking. US patients had higher base-
line haemoglobin and platelet count but a lower baseline white 
blood cell count and creatinine clearance.
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PATIENT MANAGEMENT
Medical and interventional treatments varied between US and OUS 
patients (Table 2). OUS patients had less use of pre-randomisation hepa-
rin, more upfront use of GPI in the emergency department and in the 
catheterisation laboratory before sheath insertion, more abciximab and 
less eptifibatide use, greater use of radial access, more primary PCI and 
stenting performed, and more multivessel PCI. OUS patients also had 
lower ACTs, shorter fluoroscopy times, less use of aspiration thrombec-
tomy, less post-dilatation, less use of access closure devices, and less 
frequent performance of bypass surgery. OUS patients had longer times 
from symptom onset to first hospital arrival, longer door-to-balloon 
times and longer reperfusion times. OUS patients were more frequently 
given loading doses of aspirin and clopidogrel and more often received 

the higher 600 mg loading dose of clopidogrel. At hospital discharge, 
OUS patients had more frequent use of beta-blockers, angiotensin-con-
verting enzyme inhibitors or angiotensin receptor blockers, and statins. 
OUS patients had higher rates of aspirin use at one and two years, but 
lower clopidogrel use at one, two, and three years.

CLINICAL OUTCOMES
Patients at US sites had higher rates of adverse events than those 
treated in other countries (Table 3). At three years, US patients had 
the highest incidence of NACE, MACE, reinfarction and major 
non-CABG bleeding. Patients from the US had the second highest 
incidence of death, stroke, and stent thrombosis, and the third high-
est incidence of ischaemic target vessel revascularisation. 

Table 1. Baseline clinical and angiographic characteristics: US versus OUS.

US (n=814) OUS (n=2,788)
p-valueMedian or 

number
[IQR] or %

Median or 
number

 [IQR] or %

Demographic  and clinical variables
Age, median (IQR), yrs 59.8 [51.8-71.0] 60.2 [52.6-69.6] 0.71

Female 205 25.2% 637 22.8% 0.17

Race

Black 66 8.1% 5 0.2% <0.0001

Hispanic 51 6.3% 68 2.4% <0.0001

Weight (kg) 84.4 [73.0-98.0] 80.0 [70.0-89.0] <0.0001

BMI kg/m2 28.0 [24.8-32.1] 26.8 [24.5-29.6] <0.0001

Hypertension 481 59.1% 1,443 51.8% 0.0003

Hyperlipidaemia 381 46.8% 1,169 42.0% 0.01

Current smoking 350 43.0% 1,302 47.1% 0.04

Diabetes 169 20.8% 424 15.2% 0.0002

- Insulin-treated 49 6.0% 110 3.9% 0.01

Prior myocardial infarction 112 13.8% 280 10.1% 0.003

Prior CABG 45 5.5% 60 2.2% <0.0001

Killip class III or IV 17 2.1% 42 1.5% 0.32

Angiographic variables
Index PCI vessel

Left anterior descending 269 35.1% 1,185 42.2% 0.0004

Left circumflex 116 15.1% 450 16.0% 0.56

Right coronary artery 360 47.0% 1,140 40.6% 0.001

Left main 4 0.5% 16 0.6% 1.00

Saphenous vein graft 17 2.2% 18 0.6% <0.0001

LVEF <40% 153 20.8% 293 12.7% <0.0001

TIMI 2-3 flow pre-PCI 237 31.3% 999 35.6% 0.03

TIMI 3 flow post-PCI 714 93.5% 2,554 91.0% 0.030

Laboratory values
Creatinine clearance (ml/min) 87 [64-113] 90 [70-114] 0.03

Haemoglobin (g/dL) 14.8 [13.6-15.8] 14.6 [13.6-15.5] 0.002

Platelet count (x 10,000) 252 [212-298] 246 [207-289] 0.02

WBC count (x 1,000)* 10.2 [8.2-12.8] 11 [8.8-13.5] <0.0001

BMI: body mass index; CABG: coronary artery bypass grafting; IQR: interquartile range; LVEF: left ventricular ejection fraction; PCI: percutaneous 
coronary intervention; * White blood cell 
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Table 2. Medications and interventional treatments: US versus OUS. 

US (n=814) OUS (n=2,788)
p-valueMedian or 

number
[IQR] 
or %

Median or 
number

[IQR] 
or %

Procedural variables

Pre-randomisation heparin 576 70.8% 1,781 64.0% 0.0003

GPI use In emergency department 16 2.0% 214 7.7% <0.0001

In cathlab before sheath 63 7.7% 388 14.0% <0.0001

Abciximab 197 24.2% 829 29.9% 0.002

Eptifibatide 256 31.5% 658 23.7% <0.0001

Radial artery access 2 0.2% 212 7.6% <0.0001

Management strategy

Primary PCI 730 89.7% 2,615 93.8% <0.0001

Stent implanted 672 92.1% 2,452 93.8% 0.01

PTCA only 53 7.4% 84 3.3% <0.0001

Post-dilatation 390 54.9% 750 31.8% <0.0001

Multivessel PCI 19 2.7% 114 4.5% 0.03

Direct stenting 194 28.9% 762 31.1% 0.27

Aspiration catheter use 144 20.1% 237 9.2% <0.0001

Deferred PCI 2 0.3% 0 0.0% –

CABG without PCI 29 3.6% 35 1.3% <0.0001

Medical treatment only 52 6.4% 137 4.9% 0.10

Peak ACT 317 [253-400] 306 [246-381] 0.04

Closure device 284 39.3% 624 25.9% <0.0001

Fluoroscopy time 13 [9.0-18.0] 11 [7.0-17.0] <0.0001

Treatment times Transferred patients 177 21.7% 697 25.0% 0.24

Symptom to first hospital (min) 95 [58-175] 120 [70-211] <0.0001

Door-to-balloon (min) 91 [71-126] 101 [73-137] 0.002

Symptom to balloon (min) 202 [146-305] 228 [165-339] <0.0001

Medications

Aspirin, home or loading dose 792 97.4% 2,764 99.4% <0.0001

Clopidogrel Loading dose given 764 94.0% 2,714 97.6% <0.0001

Loading dose 300 mg 379 49.6% 834 30.8% <0.0001

Loading dose 600 mg 380 49.7% 1,836 67.7% <0.0001

Discharge medications Beta-blockers 700 86.5% 2,478 89.4% 0.02

ACEI or ARB 515 65.4% 2,324 85.3% <0.0001

Statin 699 88.8% 2,594 95.2% <0.0001

Aspirin 760 96.7% 2,666 97.9% 0.06

Clopidogrel 709 90.3% 2,497 91.6% 0.25

Aspirin at follow-up 30 days 710 96.2% 2,572 97.2% 0.16

1 year 605 93.8% 2,494 96.5% 0.002

2 years 599 94.0% 2,446 95.7% 0.07

3 years 560 93.0% 2,368 94.8% 0.09

Clopidogrel at follow-up 30 days 660 89.3% 2,417 91.3% 0.09

1 year 498 77.2% 1,580 61.1% <0.0001

2 years 405 63.6% 666 26.0% <0.0001

3 years 355 59.0% 454 18.2% <0.0001

ACEI: angiotensin-converting enzyme inhibitor; ACT: activated clotting time (secs); ARB: angiotensin II receptor blocker; GPI: glycoprotein IIb/IIIa 
platelet inhibitor
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At 30 days, US versus OUS patients had significantly higher 
unadjusted rates of death, non-CABG-related major bleeding, 
MACE and NACE (Table 4). After adjusting for differences in 
baseline risk, US site enrolment was independently associated with 
increased 30-day rates of non-CABG-related major bleeding, 
MACE and NACE. 

At three years, US patients had significantly higher unadjusted 
rates of death, reinfarction, stroke, major non-CABG bleeding, 
stent thrombosis, MACE and NACE compared to patients enrolled 
at sites outside the US (Table 4, Figure 1- Figure 6). All of these dif-
ferences, except stent thrombosis, persisted after adjusting for dif-
ferences in baseline risk.

PHARMACOLOGIC RANDOMISATION OUTCOMES AT US 
VERSUS OUS SITES
As previously reported, at 30 days in the entire cohort, ran-
domisation to bivalirudin rather than heparin plus GPI resulted 
in significantly lower mortality, major bleeding and NACE7. 
Also as previously reported, at three years in the entire cohort, 
treatment with bivalirudin resulted in significantly lower mor-
tality, reinfarction and major bleeding, and a trend for lower 
NACE8. There were no significant interactions between the 
treatment effects with bivalirudin compared to heparin plus 
GPI and enrolment at US versus OUS sites for any of the 
30-day or three-year outcomes (Table 5).

Table 3. Three-year outcomes by country.

USA
(n=814)

Germany
(n=791)

Poland
(n=582)

Israel
(n=526)

Italy
(n=219)

Argentina
(n=207)

Austria
(n=143)

The 
Netherlands

(n=133)

UK
(n=102)

Norway 
(n=79)

Combined
(n=3,602)

p-value
for trend

Death 9.7% (73) 7.2% (55) 5.8% (33) 3.4% (17) 4.6% (10) 8.8% (18) 8.0% (11) 6.3% (8) 10.5% (10) 1.3% (1) 6.8% (236) 0.0007

Reinfarction 10.2% (71) 6.4% (47) 3.4% (19) 9.3% (47) 5.2% (11) 5.8% (11) 6.8% (9) 7.9% (10) 8.8% (8) 9.1% (7) 7.2% (240) 0.003

Ischaemic TVR 15.1% (106) 17.7% (130) 8.2% (46) 11.9% (60) 10.9% (23) 11.1% (21) 13.6% (18) 11.7% (15) 8.6% (8) 15.6% (12) 13.2% (439) 0.0005

Stroke 2.7% (20) 2.2% (16) 1.6% (9) 1.6% (8) 1.0% (2) 0.0% (0) 0.8% (1) 0.8% (1) 5.5% (5) 1.3% (1) 1.9% (63) 0.08

Major bleeding¶ 16.9% (131) 8.0% (61) 3.6% (21) 3.7% (19) 13.3% (29) 6.0% (12) 12.0% (17) 6.2% (8) 3.2% (3) 6.5% (5) 8.7% (306) <0.0001

Stent thrombosis* 6.9% (43) 5.1% (35) 3.6% (19) 5.9% (27) 3.0% (6) 2.2% (4) 4.9% (6) 10.1% (11) 2.5% (2) 4.1% (3) 5.1% (156) 0.0419

MACE 28.2% (210) 25.7% (196) 15.0% (86) 17.9% (92) 17.6% (38) 20.3% (41) 21.1% (29) 18.7% (24) 25.1% (24) 20.7% (16) 21.9% (756) <0.0001

NACE 36.6% (280) 29.6% (227) 16.5% (95) 20.6% (106) 26.7% (58) 23.2% (47) 29.5% (41) 21.7% (28) 27.1% (26) 24.7% (19) 26.6% (927) <0.0001

MACE: major adverse cardiovascular events; NACE: net adverse clinical events; TVR: target vessel revascularisation; ¶Non-CABG-related major bleeding; 
*ARC definite or probable stent thrombosis; Spain was not included in this table because there were only 6 patients and no events

Table 4. Thirty-day and three-year clinical outcomes according to country enrolment.

US (n=814)
% (n)

OUS (n=2,788)
% (n)

Log-rank
p-value

   Adjusted by Cox regression                     

HR 95% CI p-value

30-day outcomes
Death 3.8% (31) 2.2% (62) 0.01 1.68 [0.88-3.20] 0.18

Reinfarction 2.4% (19) 1.7% (47) 0.21 1.40 [0.82-2.39] 0.21

Ischaemic TVR 2.9% (23) 2.1% (56) 0.22 0.92 [0.57-1.50] 0.74

Stroke 1.1% (9) 0.6% (17) 0.13 2.23 [0.71-6.93] 0.17

Major bleeding 13.3% (107) 5.5% (151) <0.0001 2.88 [2.00-4.16] <0.0001

Stent thrombosis* 2.8% (19) 2.3% (57) 0.42 0.72 [0.42-1.22] 0.22

MACE 8% (65) 4.8% (133) 0.0004 2.18 [1.45-3.27] 0.0002

NACE 18.9% (153) 9.0% (250) <0.0001 2.77 [2.14-3.59] <0.0001

3-year outcomes
Death 9.7% (73) 6.0% (163) 0.0003 1.76 [1.15-2.69] 0.009

Reinfarction 10.2% (71) 6.4% (169) 0.001 1.59 [1.20-2.09] 0.001

Ischaemic TVR 15.1% (106) 12.7% (333) 0.11 1.19 [0.95-1.48] 0.13

Stroke 2.7% (20) 1.6% (43) 0.04 1.93 [1.03-3.60] 0.04

Major bleeding 16.9% (131) 6.4% (175) <0.0001 3.20 [2.42-4.23] <0.0001

Stent thrombosis* 6.9% (43) 4.6% (113) 0.03 1.00 [0.70-1.42] 1.00

MACE 28.2% (210) 20.1% (546) <0.0001 1.44 [1.19-1.76] 0.0002

NACE 36.6% (280) 23.8% (647) <0.0001 1.85 [1.55-2.20] <0.0001

Event rates are Kaplan-Meier estimates, displayed as % (n=number of events). MACE: major adverse cardiovascular events; NACE: net adverse clinical 
events; TVR: target vessel revascularisation; *ARC definite or probable stent thrombosis
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Figure 3. Kaplan-Meier estimates of cumulative frequency of major 
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Patients enrolled in the US

Patients enrolled outside the US

6.9%

4.6%

Time in months

Unadjusted HR: 1.49 [95% CI: 1.05, 2.11]
Log-rank p=0.029

10

5

0

D
efi

ni
te

/p
ro

ba
bl

e 
S

T 
(%

)

0           3           6           9          12         15         18         21         24         27         30         33         36

Number at risk
US 683  608 581 554 533 507 301
OUS 2,519  2,383 2,350 2,295 2,266 2,220 1,572

Patients enrolled in the US

Patients enrolled outside the US

6.9%

4.6%

Figure 4. Kaplan-Meier estimates of cumulative frequency of stent 
thrombosis (ARC definite or probable) up to 3 years following 
primary PCI for STEMI comparing events at US versus OUS sites.

Time in months

Patients enrolled in the US

Unadjusted HR: 1.46 [95% CI: 1.25, 1.72]
Log-rank p=<0.0001

Patients enrolled outside the US

40

35

30

25

20

15

10

5

0

M
A

C
E

 (
%

)

0           3           6           9          12         15         18         21         24         27         30         33         36

28.2%

20.1%

Number at risk
US 814  663 626 566 534 492 285
OUS 2,788  2,498 2,414 2,253 2,205 2,141 1,498

Patients enrolled in the US
Patients enrolled outside the US

28.2%

20.1%

Figure 5. Kaplan-Meier estimates of cumulative frequency of MACE 
(major adverse cardiac events) up  to 3 years following primary PCI 
for STEMI comparing events at US versus OUS sites.

Patients enrolled in the US
Patients enrolled outside the US

Time in months

Unadjusted HR: 1.71 [95% CI: 1.49, 1.97]
Log-rank p=<0.0001

40

35

30

25

20

15

10

5

0

M
A

C
E

 (
%

)

0           3           6           9          12         15         18         21         24         27         30         33         36

36.6%

23.8%

Number at risk
US 814  586 557 500 471 434 257
OUS 2,788  2,388 2,305 2,153 2,108 2,047 1,432

Patients enrolled in the US
Patients enrolled outside the US

Unadjusted HR: 1.71 [95% CI: 1.49, 1.97]
Log-rank p=<0.00015

0

5

0

5

0

5

0

36.6%

23.8%

Figure 6. Kaplan-Meier estimates of cumulative frequency of NACE 
(net adverse clinical events) up to 3 years following primary PCI for 
STEMI comparing events at US versus OUS sites.

Time in months

Patients enrolled in the US

Unadjusted HR: 1.66 [95% CI: 1.26, 2.18]
Log-rank p=0.0003

Patients enrolled outside the US

15

10

5

0

D
ea

th
 (

%
)

0 3 6 9 12 15 18 21 24 27 30 33 36

9.7%

6.0%

Patients enrolled in the US
Patients enrolled outside the US

9.7%

6.0%

Number at risk
US 814 720 690 662 636 604 365
OUS 2,788 2,639 2,613 2,564 2,543 2,495 1,776
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Figure 2. Kaplan-Meier estimates of cumulative frequency of 
reinfarction up to 3 years following primary PCI for STEMI 
comparing events at US versus OUS sites.



n     

1140

EuroIntervention 2
0

1
3

;8
:1134-1142

Table 5. Outcomes of the pharmacologic randomisation according to country enrolment.

   
   Patients enrolled outside the US      Patients enrolled in the US

Interaction
p-valueBivalirudin

(n=1,395)
UFH+GPI
(n=1,393)

RR [95% CI]
Bivalirudin
(n=405)

UFH+GPI
(n=409)

RR [95% CI]

30-day outcomes

Death 1.7% 2.8% 0.59 [0.35-0.98] 3.5% 4.2% 0.83 [0.41-1.69] 0.35

Reinfarction 1.7% 1.7% 0.96 [0.54-1.70] 2.8% 2.0% 1.41 [0.57-3.50] 0.49

Ischaemic TVR 2.5% 1.8% 1.37 [0.82-2.29] 3.3% 2.5% 1.33 [0.58-3.03] 0.95

Stroke 0.7% 0.5% 1.43 [0.54-3.75] 1.0% 1.3% 0.82 [0.22-3.04] 0.49

Major bleeding 3.7% 7.2% 0.50 [0.36-0.70] 11.1% 15.6% 0.68 [0.47-1.01] 0.20

Stent thrombosis* 2.4% 2.2% 1.11 [0.66-1.87] 3.8% 1.8% 2.13 [0.81-5.61] 0.25

MACE 4.6% 5.0% 0.93 [0.66-1.31] 8.4% 7.6% 1.12 [0.69-1.83] 0.48

NACE 7.4% 10.6% 0.69 [0.54-0.89] 16.9% 20.9% 0.79 [0.58-1.09] 0.44

3-year outcomes

Death 4.9% 7.2% 0.67 [0.49-0.91] 9.6% 9.8% 0.97 [0.62-1.54] 0.13

Reinfarction 5.6% 7.2% 0.78 [0.57-1.06] 8.6% 11.7% 0.73 [0.46-1.17] 0.91

Ischaemic TVR 13.9% 11.4% 1.24 [1.00-1.54] 15.4% 14.8% 1.06 [0.72-1.54] 0.54

Stroke 1.6% 1.6% 1.03 [0.57-1.87] 1.9% 3.6% 0.54 [0.22-1.35] 0.18

Major bleeding 4.6% 8.2% 0.55 [0.40-0.75] 15.1% 18.5% 0.77 [0.55-1.09] 0.15

Stent thrombosis* 4.5% 4.7% 0.97 [0.67-1.40] 5.7% 8.1% 0.77 [0.41-1.40] 0.54

MACE 20.2% 20.0% 1.01 [0.85-1.19] 28.1% 28.3% 1.00 [0.76-1.31] 0.95

NACE 22.9% 24.6% 0.91 [0.78-1.06] 34.9% 38.3% 0.87 [0.69-1.10] 0.76

GPI: glycoprotein IIb/IIIa platelet inhibitor; MACE: major adverse cardiovascular events, NACE: net adverse clinical events; TVR: target vessel 
revascularisation; UFH: unfractionated heparin; *ARC definite or probable stent thrombosis

Discussion
The major findings of our study are that among patients with 
STEMI undergoing primary PCI in the HORIZONS-AMI trial: 
1) US compared to OUS patients had higher early and late rates of 
adverse events, including death, reinfarction, stroke, major bleed-
ing, MACE and NACE, differences which persisted after adjust-
ment for differences in baseline risk profile and baseline treatment; 
and 2) the beneficial treatment effects of bivalirudin compared 
with UFH and GPI were consistent at US and OUS sites.

There are surprisingly little data from previous studies compar-
ing outcomes in the US with outcomes outside the US in patients 
with STEMI, and the data which exist have been reported mostly 
from the thrombolytic era with short-term follow-up4-6. Van de 
Werf and colleagues reported from the GUSTO (Global Utilization 
of Streptokinase and Tissue Plasminogen Activator for Occluded 
Coronary Arteries) trial that adjusted 30-day mortality was slightly 
lower at US versus OUS sites4. There were no significant differ-
ences in treatment effects between tissue plasminogen activator 
and streptokinase at US versus OUS sites. Giugliano and col-
leagues reported from the In-TIME-II (Intravenous nPA for 
Treatment of Infarcting Myocardium Early II) trial that US sites 
had lower unadjusted 30-day mortality compared with Western 
Europe, Eastern Europe and Latin America5. After adjustment for 
differences in baseline variables, US sites had significantly lower 
mortality than Latin America but there was no significant difference 

in mortality compared with Eastern and Western Europe. These 
authors documented significant regional variations in the use of 
medications and revascularisation procedures. Barbash and col-
leagues reported from the International Tissue Plasminogen 
Activator/Streptokinase trial that there were wide variations in 
outcomes between different countries in STEMI patients, but the 
authors did not identify the countries6.

In contrast to these previous studies that were performed in 
the pharmacologic reperfusion era, the present study, which 
enrolled STEMI patients targeted for primary PCI, found that 
patients treated at US sites compared to OUS sites had signifi-
cantly higher early and late adverse event rates. Understanding 
the possible reasons for these differences is essential to improv-
ing clinical outcomes. There are several possible explanations 
for these differences. First, there are considerable differences in 
the baseline patient risk profile and management strategies 
between US and OUS sites. Patients enrolled at US sites had 
more frequent comorbid conditions, including hypertension, dia-
betes and obesity, were more likely to have had prior MI and 
prior coronary artery bypass surgery, had lower left ventricular 
ejection fraction, and less TIMI 2-3 flow on initial angiography. 
Differences in infarct artery distribution and haematologic 
parameters were also present. Following coronary arteriography, 
US sites performed less primary PCI and more CABG than OUS 
sites, and radial access was used less often. OUS patients were 
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more often transferred from non-PCI hospitals and had longer 
door-to-balloon times and longer reperfusion times. US patients 
were more likely to receive a 300 mg rather than a 600 mg load-
ing dose of clopidogrel. Frequency of radial access use and aspi-
ration also varied according to geography. US patients were less 
likely to receive beta-blockers, angiotensin-converting enzyme 
inhibitors or angiotensin receptor blockers, and statins at dis-
charge but were more likely to be maintained on clopidogrel for 
three years. Other differences in baseline risk and treatments 
were also apparent. After adjusting for these differences in base-
line and treatment variables, outcomes of US patients were still 
significantly worse. Although the HORIZONS-AMI trial col-
lected extremely detailed data on clinical, angiographic and 
treatment variables, unmeasured confounders may exist which 
could impact on outcomes. For example, the extent to which 
genetic differences across geographies were present, impacting 
on drug metabolism or future plaque rupture, is unknown.

Second, although all events were monitored on-site by independ-
ent study personnel, and source documents were reviewed for event 
adjudication, it is possible that differences in thresholds for event 
reporting and documentation could explain some of the differences 
between US and OUS sites. While such an occurrence is unlikely to 
explain differences in mortality, varying thresholds for event docu-
mentation or biomarker assessment could in part explain differences 
in bleeding and reinfarction, as suggested in prior studies10. 

Finally, valid differences in systems of care and treatments 
between US and OUS sites may affect patient outcomes. OUS sites 
had a higher percentage of patients transferred from non-PCI 
hospitals and had longer door-to-balloon times, suggesting more 
centralised systems of care for primary PCI. Although longer door-
to-balloon times may compromise outcomes, centralised systems of 
care may contribute to improved outcomes at OUS sites. OUS 
patients were more likely to receive up-front and loading doses of 
medications including GPI, aspirin and clopidogrel. OUS patients 
were more often treated with radial access and had more PCI and 
more stents used and less bypass surgery. OUS patients had lower 
ACTs which may have contributed to less bleeding. OUS patients 
more often received recommended discharge medications includ-
ing beta-blockers, angiotensin-converting enzyme inhibitors or 
angiotensin receptor blockers, and statins. US patients had a shorter 
length of stay compared with OUS patients, and there is recent evi-
dence that a shorter length of stay may be correlated with an 
increased incidence of hospital readmissions11. Shorter length of 
stay may potentially affect post-hospital outcomes, although we 
have no data to support this. Patient compliance following hospital 
discharge varies from country to country and may affect outcomes, 
although we have little data to evaluate this.

In contrast to the overall difference in outcomes of patients 
enrolled at US vs. OUS sites, we did not find any significant differ-
ences in the relative treatment effects of bivalirudin versus heparin 
plus GPI between the US and OUS sites. This is in contradistinction 
to the PLATO (Platelet Inhibition and Patient Outcomes) trial which 
evaluated ticagrelor in patients with acute coronary syndromes and 

found a beneficial effect on outcomes at OUS sites but a trend 
towards worse outcomes at US sites, possibly related to geographic 
differences in chronic aspirin dosing12.

Limitations
Although comparison of outcomes at US versus OUS sites was pre-
specified, the present study is a non-powered subgroup analysis 
from a randomised trial and as such has all the limitations of sub-
group analyses including unmeasured confounders that may differ-
entially affect outcomes in US and OUS patients. The extent to 
which consecutive patients were enrolled in the different geogra-
phies is also uncertain, potentially contributing to selection bias. As 
such, these results should be considered hypothesis-generating, and 
require confirmation from other large databases. 

Clinical implications
Our study has several important research and patient care-related 
implications. Considerable geographical variation exists regarding 
patient demographic, clinical and angiographic characteristics, man-
agement strategies and outcomes which may be important in the design 
and site selection for future randomised STEMI trials. Ethnic minori-
ties were more represented at US than OUS sites but were under-repre-
sented at all sites. Attempts should be made in future trials to select 
sites with greater ethnic minority representation. Consideration should 
be given to standardising non-study treatments in order to isolate the 
effect of a randomised therapy. Although our study did not show any 
major regional interactions in the beneficial effects of treatment with 
bivalirudin versus heparin plus GPI, the variation in baseline risk pro-
file and practice patterns in the US versus OUS countries could impact 
on the effect of other therapies.

Our study does not permit firm conclusions as to whether the 
higher event rates among US patients are related to unmeasured con-
founders between US and OUS patients or valid differences in sys-
tems of care and treatment which may meaningfully impact on 
outcomes. Since the latter is a real possibility, this study should pro-
vide a strong stimulus for further research regarding how our systems 
of STEMI care, both acute and long-term, may be improved.
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