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Abstract
Aims: In the HORIZONS-AMI trial, bivalirudin compared to unfractionated heparin (UFH) plus a glyco-
protein IIb/IIIa inhibitor (GPI) improved net clinical outcomes in patients undergoing primary percutaneous 
coronary intervention (PCI) at the cost of an increased rate of acute stent thrombosis. We sought to examine 
whether these effects are dependent on time to treatment.

Methods and results: The interaction between anticoagulation regimen and symptom onset to first bal-
loon inflation time (SBT) on the 30-day and three-year rates of major adverse cardiac events (MACE) was 
examined in 3,199 randomised patients according to SBT ≤3 hours versus >3 hours. Among patients with 
an SBT ≤3 hours, bivalirudin resulted in higher 30-day rates of MACE compared to UFH plus a GPI. Non-
significant differences were observed in patients with an SBT >3 hours. Similar results were found for 
MACE at three years and stent thrombosis and reinfarction at 30 days and three years. By multivariable 
analysis, bivalirudin was an independent predictor of MACE at 30 days and three years in patients with an 
SBT ≤3 hours, but not in patients with SBT >3 hours.

Conclusions: Bivalirudin compared to UFH plus a GPI is associated with an increased rate of stent throm-
bosis and MACE in patients with short SBTs, but not in those with longer SBTs.
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Impact of ischaemic time on bivalirudin outcomes

Introduction
Primary percutaneous coronary intervention (PCI) achieves optimal 
epicardial reperfusion in the vast majority of patients with evolving 
ST-segment elevation myocardial infarction (STEMI); therefore, it 
is superior to fibrinolysis in reducing mortality, reinfarction, and 
stroke1. However, up to 25% of patients still experience suboptimal 
myocardial reperfusion associated with a negative impact on sur-
vival2, rendering improvements in adjunctive antithrombotic thera-
pies pivotal. Several studies have shown that glycoprotein IIb/IIIa 
inhibitors (GPI) improve myocardial perfusion and provide mor-
tality benefits in the setting of primary PCI3; however, GPI regi-
mens are associated with increased bleeding rates, and a pro minent 
concern is that the prognostic implications of major bleeding com-
plications counterbalance the treatment benefits of preventing 
thrombotic events4. Therefore, practice has shifted, and current 
guidelines recommend that GPI be reserved as bail-out therapy 
for thrombotic complications5. The Harmonizing Outcomes with 
Revascularization and Stents in Acute Myocardial Infarction 
(HORIZONS-AMI) trial demonstrated that use of bivalirudin rather 
than unfractionated heparin (UFH) plus a GPI markedly reduced 
haemorrhagic complications, transfusions, and thrombocytopaenia 
and significantly improved overall and cardiac survival up to three 
years in patients undergoing primary PCI6.

The risk of acute stent thrombosis (ST) within the first 24 hours 
after stent implantation remains a concern in STEMI patients 
treated with bivalirudin7-9. A possible pharmacodynamic expla-
nation is the fast reversal of bivalirudin at a time when the oral 
thienopyridine has not yet achieved adequate platelet inhibition. 
This may leave the patient without active antithrombotic pro-
tection, especially if the final angiographic result is suboptimal. 
Furthermore, thrombus composition changes over time from coro-
nary occlusion, with a larger prevalence of platelets in the first 
hours and increasing presence of fibrin in later hours10. The out-
come in patients treated with bivalirudin, a direct thrombin inhibi-
tor, or GPI, a platelet inhibitor, may therefore be determined by 
the time from coronary occlusion as well as the likelihood of pre-
procedural antiplatelet therapy to have become effective. The aim 
of the current study was to evaluate whether the benefits of biva-
lirudin compared to UFH plus a GPI are influenced by symptom 
onset to first balloon inflation time (SBT).

Methods
STUDY DESIGN AND POPULATION
This is a post hoc analysis of the HORIZONS-AMI trial, a pro-
spective, open-label, randomised, multicentre study that compared 
1,800 STEMI patients treated with bivalirudin alone against 1,802 
STEMI patients treated with UFH plus GPI in an intention-to-treat 
analysis11. After emergency angiography, the management strat-
egy was primary PCI in 3,340 (92.7%) patients, deferred PCI in 
0.2%, primary coronary artery bypass grafting (CABG) in 1.7%, 
and medical management in 5.3%. At three years, follow-up data 
were available in 3,199 patients who underwent primary PCI, and 
this constituted our final target patient population.

Detailed inclusion and exclusion criteria have been described 
previously11. In brief, consecutive patients >18 years of age who 
presented within 12 hours after onset of symptoms and who had 
ST-segment elevation of 1 mm or more in two or more contigu-
ous leads, new left bundle branch block, or true posterior myocar-
dial infarction (MI) were considered for enrolment and randomly 
assigned in an open-label fashion and 1:1 ratio to treatment with 
UFH plus a GPI (the control group) or to treatment with bivaliru-
din alone. UFH was administered as an intravenous bolus of 60 IU 
per kilogram of body weight, with subsequent boluses targeted to 
an activated clotting time of 200 to 250 seconds. Bivalirudin was 
administered as an intravenous bolus of 0.75 mg/kg followed by an 
infusion of 1.75 mg/kg/hr. If UFH was administered in a patient in 
the bivalirudin group, bivalirudin was started 30 minutes later but 
in all cases before PCI. Both antithrombin agents were discontin-
ued, as specified by the protocol, at the completion of angiography 
or PCI but could be continued at low doses if they were clinically 
indicated. A GPI was administered before PCI in all the patients 
in the control group but was to be administered in the bivaliru-
din group only in patients with no reflow or with giant thrombus 
after PCI. Either abciximab (a bolus of 0.25 mg/kg followed by 
an infusion of 0.125 μg/kg/min; maximum dose, 10 μg/min) or 
double bolus eptifibatide (a bolus of 180 μg/kg followed by an 
infusion of 2.0 μg/kg/min, with a second bolus given 10 minutes 
after the first; no maximum dose pre-specified), adjusted for renal 
impairment according to the label, was permitted at the discretion 
of the investigator and was continued for 12 hours (abciximab) 
or 12 to 18 hours (eptifibatide). Aspirin (324 mg given orally or 
500 mg administered intravenously) was given in the emergency 
room, after which 300 to 325 mg was given orally every day dur-
ing the hospitalisation and 75 to 81 mg every day thereafter indefi-
nitely. A loading dose of clopidogrel (either 300 mg or 600 mg, at 
the discretion of the investigator) or ticlopidine (500 mg), in the 
case of allergy to clopidogrel, was administered before catheteri-
sation, followed by 75 mg orally every day for at least six months 
(one year or longer recommended). Clinical follow-up was per-
formed at 30 days (±7 days), six months (±14 days), and one year 
(±14 days) and then yearly until three years of follow-up.

STUDY ENDPOINTS
Major adverse cardiac events (MACE) comprised death, MI, 
ischaemic target vessel revascularisation, and stroke. Death from 
cardiac causes was defined as death due to acute MI, cardiac 
perforation or pericardial tamponade, arrhythmia or conduction 
abnormality, stroke, procedural complications, or any death for 
which a cardiac cause could not be ruled out. Death from non-car-
diac causes included bleeding-related death. ST was defined as the 
definite or probable occurrence of a stent-related thrombotic event 
according to the Academic Research Consortium classification12. 
Major bleeding was defined as intracranial or intraocular haem-
orrhage, bleeding at the access site with a haematoma ≥5 cm or 
that required intervention, a decrease in the haemoglobin level of 
≥4 g/dL without an overt bleeding source or ≥3 g/dL with an overt 
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bleeding source, reoperation for bleeding, or blood transfusion. An 
independent clinical events committee which was unaware of the 
treatment assignments adjudicated all endpoint events by review-
ing the medical records.

STATISTICAL ANALYSIS
Continuous variables are presented as median (interquartile range), 
and categorical variables are presented as count and percentages. 
The continuous variables were tested with the Kruskal-Wallis test 
and the categorical variables using the χ2 test or Fisher’s exact test, 
as appropriate. The Kaplan-Meier incidence rates of the outcome 
variables were compared using log-rank tests. Formal interaction 
testing was conducted with Cox regression analysis. Multivariable 
predictors of MACE at 30-day and three-year follow-up within 
each subgroup of SBT were identified using a stepwise Cox 
regression with entry/stay criteria of 0.1/0.1, with the treatment 
variable of bivalirudin versus UFH and a GPI forced into each 
model. The number of covariates was carefully selected so as not 
to overfit the models. For the analysis of MACE at 30-day and 
three-year follow-up, the adjusted covariates were age, sex, race, 
hypertension, hyperlipidaemia, current smoking, diabetes, his-
tory of congestive heart failure (CHF), prior PCI, prior CABG, 
number of stents implanted, pre-PCI Thrombolysis In Myocardial 
Infarction (TIMI) flow, and post-PCI TIMI flow. The proportional 
hazards assumption was checked for the Cox model by creating 
interactions of the predictors and a function of survival time, and 
none was found to be significant. Statistical analyses were con-
ducted with SAS 9.2 (SAS Institute, Cary, NC, USA).

Results
Patients were stratified by SBT ≤3 hours or >3 hours. Patients with 
an SBT >3 hours were older and more likely to be former smokers 
and have hypertension, diabetes mellitus, prior angina, peripheral 
vascular disease, renal insufficiency, impaired left ventricular ejec-
tion fraction, and mitral regurgitation at admission; they were also 
more likely to have the left circumflex as the culprit artery and had 
more stents implanted. Conversely, patients with SBT >3 hours 
were less likely to have undergone previous PCI or have a family 
history of premature coronary artery disease. They were also less 
likely to obtain good epicardial coronary flow at the end of proce-
dure (TIMI flow 3) and to be preloaded with 600 mg clopidogrel 
(Table 1, Online Table 1). There were no important discrepan-
cies in baseline and procedural variables between treatment groups 
within each time category (Online Table 2, Online Table 3).

A total of 162 (5.1%) episodes of MACE had occurred at 30-day 
follow-up. Kaplan-Meier curves of adverse events are depicted 
in Figure 1-Figure 4. Bivalirudin was associated with a signifi-
cantly higher incidence of MACE compared to UFH plus a GPI 
among patients with an SBT ≤3 hours (6% vs. 3%, hazard ratio 
[HR]: 2.08, 95% confidence interval [CI]: 1.14 to 3.79, p=0.02), 
whereas no significant difference but a change in the direction of 
the risk was observed among patients with an SBT >3 hours (4.7% 
vs. 6.1%, HR: 0.77, 95% CI: 0.53 to 1.11, p=0.16). We found 

Table 1. Patient demographics and clinical characteristics 
according to symptom onset to first balloon inflation time.

SBT ≤3 hours 
n=1,070

SBT >3 hours 
n=2,129

p-value

Age, years 58.7±11.0 (1,070) 61.9±11.7 (2,129) <0.0001

Male 79.0% (845/1,070) 76.1% (1,620/2,129) 0.07

Caucasian 94.9% (1,015/1,070) 94.0% (2,002/2,129) 0.34

Body mass index, kg/m2 27.7±4.5 (1,059) 27.7±4.7 (2,121) 0.58

Waist circumference, cm 98.4±12.8 (959) 98.2±13.5 (1,895) 0.58

History of hypertension 48.0% (514/1,070) 54.7% (1,164/2,128) 0.0004

History of hyperlipidaemia 45.7% (489/1,070) 41.3% (879/2,128) 0.020

History of smoking 64.0% (684/1,069) 64.8% (1,372/2,118) 0.66

Current 49.3% (527/1,069) 46.0% (974/2,118) 0.08

Former 14.7% (157/1,069) 18.7% (397/2,118) 0.004

History of diabetes mellitus 13.1% (140/1,070) 17.9% (380/2,128) 0.0006

Diet only 2.8% (30/1,070) 3.2% (68/2,128) 0.54

Insulin 3.8% (41/1,070) 4.7% (99/2,128) 0.28

Oral treatment 7.9% (84/1,070) 11.3% (240/2,128) 0.002

Oral treatment, no insulin 6.4% (69/1,070) 9.8% (208/2,128) 0.002

Prior myocardial infarction 10.5% (112/1,070) 10.0% (213/2,128) 0.69

Prior percutaneous 
coronary intervention 12.8% (137/1,070) 9.0% (191/2,127) 0.0008

Prior CABG 2.2% (24/1,070) 2.8% (60/2,128) 0.34

Family history of premature 
coronary artery disease 33.3% (356/1,070) 27.7% (589/2,128) 0.001

Prior angina 16.8% (180/1,070) 24.3% (517/2,127) <0.0001

History of congestive heart 
failure 2.5% (27/1,070) 2.9% (61/2,128) 0.58

Killip class 1 91.8% (981/1,069) 91.2% (1,939/2,126) 0.59

Ventricular tachycardia or 
fibrillation 1.2% (13/1,070) 0.5% (10/2,128) 0.02

History of peripheral 
vascular disease 3.0% (32/1,070) 5.1% (109/2,127) 0.006

History of 
thrombocytopaenia 0.2% (2/1,070) 0.2% (4/2,127) 1.0000

History of renal 
insufficiency 1.7% (18/1,070) 3.4% (73/2,127) 0.005

Values are % (n/N) or mean±standard deviation (N). CABG: coronary artery bypass grafting; 
SBT: symptom onset to first balloon inflation time

significant SBT by treatment arm interaction for MACE at 30-day 
follow-up (p=0.005). This risk reversal towards a beneficial effect 
of bivalirudin with increasing ischaemic time was primarily driven 
by recurrent myocardial infarction and definite or probable ST, 
both with significant treatment group by SBT interaction, whereas 
the risk of stroke remained uniform regardless of SBT. The bene-
ficial effects of bivalirudin in terms of cardiac death and bleeding 
were only evident in the group with higher SBT (Table 2). These 
same patterns remained at three-year follow-up (Online Table 4).

Among 74 (2.4%) definite or probable ST diagnosed at 30 days, 
only acute ST occurring within the first 24 hours after primary 
PCI was significantly increased in patients treated with bivalirudin 
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and short ischaemic time (≤3 hours). Bivalirudin was associated 
with a 3.4-fold risk of acute definite or probable ST. No differ-
ence among treatment groups was seen for acute ST in patients 
treated >3 hours after symptom onset or in subacute ST regard-
less of SBT. After adjustment, bivalirudin remained a predictor of 
MACE at 30 days (HR: 2.09, 95% CI: 1.13 to 3.88, p=0.026) and 
three-year follow-up (HR: 1.41, 95% CI: 1.06 to 1.87, p=0.019) 
in patients with an SBT ≤3 hours. Other predictors were history 
of CHF and baseline and final TIMI 3 flow at 30-day follow-up. 
At three-year follow-up, the predictors were history of CHF, prior 
PCI, and age (Online Table 5).

In patients with an SBT >3 hours, age, diabetes, multiple stent 
implantation, and baseline TIMI flow 0/1 predicted MACE at 
30-day follow-up but bivalirudin did not (HR: 0.88, 95% CI: 0.58 
to 1.35, p=0.57). At three-year follow-up, predictors were age, dia-
betes, current smoking, number of stents implanted, and history of 
CHF, whereas bivalirudin was not associated (HR: 0.94, 95% CI: 
0.78 to 1.14, p=0.55) (Online Table 6).

Major non-CABG-related bleeding occurred in 229 (7.2%) 
patients at 30 days. Among patients with an SBT ≤3 hours, bivali-
rudin was numerically associated with a beneficial bleeding profile 
(4.9% vs. 6.9%, HR: 0.71, 95% CI: 0.43 to 1.17, p=0.17), which 
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IIb/IIIa inhibitors (GPI) according to symptom onset to first balloon inflation time (SBT).
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improved to significant levels in patients with an SBT >3 hours 
(5.5% vs. 10.2%, HR: 0.53, 95% CI: 0.38 to 0.72, p<0.0001) with-
out positive interaction (Table 2). A similar pattern was observed 
at three-year follow-up and resulted in positive interaction testing 
for SBT by treatment arm in regard to net adverse clinical events 
(Online Table 4).

Discussion
The main finding of the present study is that the net clinical bene-
fit of bivalirudin in comparison to UFH plus a GPI depends on 
SBT in patients with STEMI undergoing primary PCI. In patients 

treated ≤3 hours from symptom onset, bivalirudin was associated 
with increased rates of MACE, with a 2.5-fold increased hazard 
of reinfarction and ischaemia-driven target vessel revascularisa-
tion and a 3.5-fold increased risk of acute ST. This risk pattern 
was inverted in patients treated >3 hours after symptom onset to 
a numerically higher incidence of MACE in patients treated with 
UFH plus a GPI. The previously reported long-term safety bene-
fits of bivalirudin in terms of major bleeding and mortality only 
became apparent in patients with an SBT >3 hours.

To date, HORIZONS-AMI11 is the largest randomised, multi-
centre study conducted on STEMI patients comparing bivalirudin 
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to a strategy of UFH plus a GPI. This study showed a signifi-
cant reduction in mortality, MI, ST, and major bleeding compli-
cations in the bivalirudin arm, which led to a class I guideline 
recommendation in primary PCI5; however, the present analy-
sis indicates a delayed onset of the bivalirudin treatment effect, 
with a more favourable outcome associated with UFH plus a GPI 
within the first three hours from symptom onset. The EUROMAX 
trial, which examined pre-hospital administration of bivalirudin in 
comparison to UFH plus a GPI, confirmed the beneficial biva-
lirudin profile in terms of major bleeding, but did not find the 
same mortality reduction. An unexplored explanation could lie in 
the present finding of a time dependency of the bivalirudin effect, 
as bivalirudin was given at an earlier time point in the patients’ 
symptom course in the EUROMAX trial8. Furthermore, recent 
results from the Early Glycoprotein IIb-IIIa Inhibitors in Primary 
Angioplasty (EGYPT) database indicate that the shorter the time 
delay from symptom onset to GPI, the more favourable the out-
come in regard to pre-procedural TIMI flow 3, myocardial perfu-
sion, distal embolisation, and long-term survival13.

The recently published Bivalirudin in Acute Myocardial Infarction 
vs. Glycoprotein IIb/IIIa and Heparin (BRIGHT) trial randomly 
assigned patients to receive bivalirudin with post-PCI infusion, UFH 
alone, or UFH plus tirofiban with a post-PCI infusion. All patients 
were exclusively loaded with clopidogrel and aspirin. The investi-
gators demonstrated a decrease in net adverse clinical events com-
pared with heparin alone and heparin plus tirofiban. This finding 
was due to a reduction in any bleeding with bivalirudin without sig-
nificant differences in MACE or ST14. The Unfractionated Heparin 
Versus Bivalirudin in Primary Percutaneous Coronary Intervention 
(HEAT-PPCI) trial, a single-centre randomised controlled trial of 

STEMI patients treated with either bivalirudin or UFH and similar 
use of abciximab as bail-out strategy in both arms, reported the pri-
mary efficacy outcome of MACE and ST to be more common in the 
bivalirudin group. Major or minor bleeding was similar between the 
groups9. While the reduction in bleeding is a constant benefit seen 
with bivalirudin, EUROMAX, HEAT-PPCI, and BRIGHT were all 
not able to replicate the mortality reduction seen in HORIZONS-
AMI. These trials have also been pooled in a meta-analysis without 
being able to find a relationship between the reduction in bleeding 
and death15. Our results demonstrate that the survival benefit with 
bivalirudin in HORIZONS-AMI was only present in patients treated 
later than three hours from symptom onset.

A further explanation for these conflicting results could lie in 
the pharmacodynamic profile of bivalirudin, with its fast reversal 
(within one to two hours) at a time when the oral thienopyridine 
has not yet achieved adequate platelet inhibition (≈6 hours). This 
might be especially true in acute MI, where intraprocedural throm-
botic events are frequent and lead to suboptimal post-procedural 
epicardial flow and myocardial perfusion which result in adverse 
outcomes16. In HORIZONS-AMI, patients were almost exclusively 
loaded with clopidogrel, while the more recent HEAT-PPCI and 
EUROMAX trials used ticagrelor and prasugrel in approximately 
90% and 50% of patients, respectively. The delayed onset of clopi-
dogrel is a well-known phenomenon and is related to the high 
inter-individual variability in platelet response to clopidogrel17. 
The combination of clopidogrel with bivalirudin might therefore 
leave some patients insufficiently protected against platelet aggre-
gation in the early phase after symptom onset. The rate of 600 mg 
clopidogrel loading dose did not differ between treatment arms 
within each time stratum (Online Table 3).

Table 2. Kaplan-Meier incidence rates (events) at 30-day follow-up according to treatment arm and symptom onset to first balloon 
inflation time.

SBT ≤3 hours SBT >3 hours
Interaction  
p-valueBivalirudin 

n=531
UFH+GPI 

n=539
HR [95% CI] p-value

Bivalirudin 
n=1,076

UFH+GPI 
n=1,053

HR [95% CI] p-value

Major adverse cardiac events* 6.0% (32) 3.0% (16) 2.08 [1.14, 3.79] 0.02 4.7% (50) 6.1% (64) 0.77 [0.53, 1.11] 0.16 0.005

Death 1.9% (10) 1.5% (8) 1.27 [0.50, 3.23] 0.61 1.8% (19) 3.1% (33) 0.56 [0.32, 0.99] 0.04 0.141

Cardiac 1.5% (8) 1.5% (8) 1.02 [0.38, 2.71] 0.97 1.7% (18) 3.0% (32) 0.55 [0.31, 0.98] 0.04 0.288

Non-cardiac 0.4% (2) 0% (0) – – 0% (0) 0.1% (1) – – –

Reinfarction 2.7% (14) 1.1% (6) 2.41 [0.93, 6.26] 0.06 1.7% (18) 2.2% (23) 0.77 [0.41, 1.42] 0.39 0.048

Stroke 0.6% (3) 0.4% (2) 1.53 [0.26, 9.17] 0.64 0.5% (5) 0.7% (7) 0.70 [0.22, 2.20] 0.54 0.468

Ischaemic target vessel 
revascularisation 3.8% (20) 1.5% (8) 2.72 [1.20, 6.13] 0.02 2.3% (24) 2.1% (22) 1.07 [0.60, 1.91] 0.81 0.068

Definite/probable stent 
thrombosis 3.8% (20) 1.2% (6) 3.42 [1.37, 8.51) 0.005 2.1% (22) 2.6% (26) 0.83 [0.47, 1.46] 0.52 0.010

Acute 2.9% (15) 0.2% (1) 15.16 [2.00, 114.8] <0.001 0.8% (8) 0.3% (3) 2.61 [0.69, 9.85] 0.14 0.154

Subacute 1.0% (5) 1.0% (5) 0.59 [0.31, 1.15] 0.99 1.4% (14) 2.3% (23) 1.21 [0.37, 3.97] 0.12 0.304

Major bleeding 4.9% (26) 6.9% (37) 0.71 [0.43, 1.17] 0.17 5.5% (59) 10.2% (107) 0.53 [0.38, 0.72] <0.0001 0.326

Net adverse clinical events¶ 9.2% (49) 9.1% (49) 1.03 [0.69, 1.53] 0.90 9.1% (98) 14.4% (151) 0.62 [0.48, 0.80] <0.001 0.036

Values are % (n). *Death, myocardial infarction, ischaemic target vessel revascularisation, or stroke. ¶Major adverse cardiac events or non-coronary artery bypass graft-related major 
bleeding. CI: confidence interval; GPI: glycoprotein IIb/IIIa inhibitor; HR: hazard ratio; SBT: symptom onset to first balloon inflation time; UFH: unfractionated heparin
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In comparison to clopidogrel, ticagrelor and prasugrel have less 
inter-individual variability17 and provide better antiplatelet protec-
tion18,19; however, at least four hours are required to achieve an 
effective platelet inhibition in the majority of patients20. Prasugrel 
has recently been associated with improved efficacy, including ST, 
and similar safety compared with clopidogrel in patients under-
going primary PCI with bivalirudin21. Pre-hospital administration 
of ticagrelor in STEMI patients did not increase ST resolution or 
TIMI flow 3 at initial angiography in the infarct-related artery, but 
did decrease ST at 30-day follow-up22.

Several studies seem to support that administration of UFH 
along with bivalirudin may be required to reduce acute throm-
botic events23,24. Furthermore, patients who switched from pre-
procedural UFH to bivalirudin during procedure experienced 
fewer bleeding complications in the HORIZONS-SWITCH analy-
sis23, while bleeding did not differ between the bivalirudin group 
and the bivalirudin plus UFH group in the Swedish Coronary 
Angiography and Angioplasty Registry (SCAAR)24.

It is questionable whether the risk of ST is ameliorated by post-
PCI infusion of bivalirudin. Although the post-PCI infusion of 
bivalirudin was previously reported to be beneficial14,25, the recent 
randomised MATRIX trial specifically investigated a regimen 
with post-PCI infusion of bivalirudin for at least four hours and 
did not find any reduction in the composite outcome of ischaemic 
and bleeding events, including stent thrombosis26.

An alternative or synergistic reason for our findings could be 
the evolution of thrombus composition over time from initial cor-
onary occlusion to reperfusion, with a larger prevalence of plate-
lets in the first hours compared to an increasing presence of fibrin 
in later hours9. Therefore, administration of a more potent intra-
venous antiplatelet therapy with GPI is expected to be beneficial 
within the first hours from symptom onset27,28, while bivalirudin, 
a direct thrombin inhibitor, might be more beneficial in patients 
with higher ischaemic times.

A further candidate strategy to overcome the early thrombotic 
hazard in bivalirudin-treated patients could be an upstream bolus 
of cangrelor29.

The treatment benefit of bivalirudin in reducing major bleeding 
complications was accentuated in patients treated >3 hours from 
symptom onset, despite their more severe risk profile including 
known risk factors for bleeding such as higher age and renal insuf-
ficiency30. This indicates that the beneficial effect of bivalirudin in 
bleeding reduction is increased in patients with elevated bleeding 
risk, which is in accordance with the results of a large meta-ana-
lysis that studied the impact of baseline haemorrhagic risk on the 
benefit of bivalirudin31.

Limitations
The present study has several limitations. HORIZONS-AMI had 
an open-label design, which could have introduced potential bias; 
however, compliance with the protocol procedure and the study 
medications was high, and the rate of provisional use of GPI in the 
bivalirudin group was low and similar to that in the double-blind 

Randomized Evaluation in PCI Linking Angiomax to Reduced 
Clinical Events (REPLACE-2) trial32. The study was conducted 
with clopidogrel, whereas prasugrel and ticagrelor are currently 
recommended as first choice adenosine diphosphate therapy in the 
setting of STEMI5. In HORIZONS-AMI, primary PCI was per-
formed by the femoral access, whereas the increasingly routine 
use of radial access might be particularly beneficial in STEMI 
patients33. Despite the positive interaction, the observation that 
SBT is an effect modifier of bivalirudin efficacy compared to 
treatment with UFH with or without a GPI should be considered 
hypothesis-generating and not causal.

Conclusion
SBT modifies the effect of bivalirudin in STEMI patients under-
going primary PCI. In patients treated within three hours of 
symptom onset, a combination of UFH and GPI was associated 
with a reduced incidence of MACE and acute ST in compari-
son to bivalirudin. Bivalirudin was associated with less cardiac 
mortality and major bleeding in patients treated >3 hours after 
symptom onset.

Impact on daily practice
In patients undergoing primary percutaneous coronary inter-
vention, anticoagulation with bivalirudin is known to lead to 
better bleeding outcomes but a higher incidence of acute stent 
thrombosis compared to a regimen of unfractionated hepa-
rin and a glycoprotein IIb/IIIa inhibitor. This study indicates 
that time to treatment is an effect modifier of these antithrom-
botic regimens: patients with a short symptom-to-balloon time 
(<3 hours) appear to benefit more from a regimen with unfrac-
tionated heparin and a glycoprotein IIb/IIIa inhibitor, whereas 
patients with longer delays draw more benefit from a bivaliru-
din regimen. These results may be a function of the pharmaco-
dynamics of antiplatelet and anticoagulant treatment strategies 
and changing thrombus composition over time.
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Online Table 1. Procedural characteristics according to symptom onset to first balloon inflation time.

SBT ≤3 hours SBT >3 hours p-value

Femoral access 96.0% (1,027/1,070) 92.5% (1,969/2,129) 0.0001

Left ventricular ejection fraction, % 51±12 (914) 50±12 (1,815) 0.005

<40% 12.7% (116/914) 15.5% (281/1,815) 0.051

Mitral regurgitation 10.4% (97/934) 14.2% (264/1,865) 0.005

PTCA only performed 3.1% (33/1,055) 4.4% (93/2,098) 0.08

Any predilatation angioplasty 76.0% (799/1,051) 79.7% (1,665/2,089) 0.02

One or more stents implanted 97.1% (1,038/1,069) 93.5% (1,990/2,129) <0.0001

Number of stents implanted 1.5±0.7 (1,038) 1.6±0.9 (1,990) 0.01

Total stent length implanted, mm 29.2±15.6 (1,037) 30.7±18.2 (1,987) 0.21

Post-stent dilatation balloon used 41.5% (419/1,010) 35.9% (695/1,934) 0.003

Any drug-eluting stent 74.0% (769/1,039) 71.3% (1,425/1,999) 0.11

Multiple vessels treated 4.1% (43/1,059) 4.2% (89/2,095) 0.80

Index PCI 
vessel

Left anterior descending coronary artery 41.6% (474/1,140) 40.2% (929/2,312) 0.43

Left circumflex artery 13.7% (156/1,140) 17.0% (394/2,312) 0.01

Right coronary artery 43.5% (496/1,140) 41.0% (949/2,312) 0.17

Left main coronary artery 0.3% (3/1,140) 0.7% (16/2,312) 0.11

TIMI flow 0/1 pre PCI 66.5% (757/1,139) 65.0% (1,497/2,304) 0.39

Final TIMI flow 3 post PCI 95.6% (1,089/1,139) 90.0% (2,077/2,308) <0.0001

Closure device 31.0% (318/1,026) 27.9% (548/1,963) 0.08

Peak activated clotting time, sec 330.0±100.1 (1,028) 329.5±101.0 (2,066) 0.75

Symptom onset to balloon, min 142.0 [120.0, 160.0] 289.0 [223.0, 415.0] <0.0001

Aspirin Any at home before enrolling hospital 27.0% (289/1,070) 26.0% (553/2,126) 0.55

Any at home or loading dose given 98.5% (1,054/1,070) 99.2% (2,108/2,126) 0.09

Prescribed at discharge 98.9% (1,041/1,053) 98.8% (2,056/2,080) 0.97

Clopidogrel Any at home before enrolling hospital 4.0% (43/1,069) 3.3% (71/2,126) 0.33

Loading dose given 98.0% (1,049/1,070) 98.2% (2,090/2,128) 0.73

300 mg 31.5% (330/1,048) 36.7% (765/2,087) 0.004

600 mg 66.9% (701/1,048) 62.3% (1,300/2,087) 0.01

Prescribed at discharge 98.5% (1,037/1,053) 95.8% (1,992/2,079) <0.0001

Values are % (n/N), mean±standard deviation (N), or median [Q1, Q3]. PCI: percutaneous coronary intervention; PTCA: percutaneous transluminal 
coronary angioplasty; SBT: symptom onset to first balloon inflation time; TIMI: Thrombolysis In Myocardial Infarction
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Online Table 2. Baseline characteristics stratified by symptom onset to first balloon inflation time and treatment group.

SBT ≤3 hours SBT >3 hours p-value 
(a) vs. 

(b)

p-value 
(c) vs. 

(d)(a) Bivalirudin n=531 (b) UFH+GPI n=539 (c) Bivalirudin n=1,076 (d) UFH+GPI n=1,053

Age, years 57.67 (50.75, 67.43) 57.55 (50.76, 66.01) 61.06 (52.89, 70.19) 61.35 (54.15, 71.01) 0.94 0.21

Male 77.6% (412/531) 80.3% (433/539) 77.4% (833/1,076) 74.7% (787/1,053) 0.27 0.15

Caucasian 96.6% (513/531) 93.1% (502/539) 94.1% (1,012/1,076) 94.0% (990/1,053) 0.01 0.97

Body mass index, kg/m2 27.47 (24.69, 30.48) 27.02 (24.59, 30.11) 27.10 (24.44, 30.39) 27.12 (24.68, 30.05) 0.51 0.86

Waist circumference, cm 97.00 (90.00, 105.00) 98.00 (91.00, 107.00) 98.00 (90.00, 106.00) 97.00 (90.00, 106.00) 0.27 0.73

History of hypertension 44.4% (236/531) 51.6% (278/539) 54.0% (581/1,076) 55.4% (583/1,052) 0.02 0.51

History of hyperlipidaemia 43.7% (232/531) 47.7% (257/539) 42.9% (462/1,076) 39.6% (417/1,052) 0.19 0.12

History of smoking 67.9% (360/530) 60.1% (324/539) 66.0% (706/1,070) 63.5% (666/1,048) 0.008 0.24

Current 52.1% (276/530) 46.6% (251/539) 46.4% (496/1,070) 45.6% (478/1,048) 0.07 0.73

Former 15.8% (84/530) 13.5% (73/539) 19.6% (210/1,070) 17.8% (187/1,048) 0.29 0.29

History of diabetes mellitus 13.4% (71/531) 12.8% (69/539) 16.3% (175/1,076) 19.5% (205/1,052) 0.78 0.052

Diet only 3.4% (18/531) 2.2% (12/539) 3.0% (32/1,076) 3.4% (36/1,052) 0.22 0.56

Insulin 4.0% (21/531) 3.7% (20/539) 3.7% (40/1,076) 5.6% (59/1,052) 0.84 0.04

Oral treatment 7.9% (42/531) 7.8% (42/539) 10.9% (117/1,076) 11.7% (123/1,052) 0.94 0.55

Oral treatment, 
no insulin 6.0% (32/531) 6.9% (37/539) 9.5% (102/1,076) 10.1% (106/1,052) 0.58 0.64

Prior myocardial infarction 9.0% (48/531) 11.9% (64/539) 9.6% (103/1,076) 10.5% (110/1,052) 0.13 0.50

Prior percutaneous coronary 
intervention 13.0% (69/531) 12.6% (68/539) 8.4% (90/1,075) 9.6% (101/1,052) 0.85 0.32

Prior CABG 2.1% (11/531) 2.4% (13/539) 3.3% (36/1,076) 2.3% (24/1,052) 0.71 0.14

Family history of premature 
coronary artery disease 32.2% (171/531) 34.3% (185/539) 28.6% (308/1,076) 26.7% (281/1,052) 0.46 0.32

Prior angina 15.8% (84/531) 17.8% (96/539) 25.0% (269/1,075) 23.6% (248/1,052) 0.38 0.44

History of congestive heart 
failure 2.8% (15/531) 2.2% (12/539) 2.2% (24/1,076) 3.5% (37/1,052) 0.53 0.08

Killip class 1 92.5% (490/530) 91.1% (491/539) 90.9% (977/1,075) 91.5% (962/1,051) 0.42 0.60

Ventricular tachycardia or 
fibrillation 1.5% (8/531) 0.9% (5/539) 0.4% (4/1,076) 0.6% (6/1,052) 0.39 0.50

History of peripheral 
vascular disease 3.4% (18/531) 2.6% (14/539) 4.6% (49/1,075) 5.7% (60/1,052) 0.45 0.23

History of 
thrombocytopaenia 0.0% (0/531) 0.4% (2/539) 0.1% (1/1,075) 0.3% (3/1,052) 0.16 0.31

History of renal insufficiency 2.1% (11/531) 1.3% (7/539) 3.5% (38/1,075) 3.3% (35/1,052) 0.33 0.79

Values are % (n/N), mean±standard deviation (N), or median [Q1, Q3]. GPI: glycoprotein IIb/IIIa inhibitor; HR: hazard ratio; SBT: symptom onset to first 
balloon inflation time; UFH: unfractionated heparin
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Impact of ischaemic time on bivalirudin outcomes

Online Table 3. Procedural characteristics stratified by symptom onset to first balloon inflation time and treatment group.

SBT ≤3 hours SBT >3 hours p-value 
(a) vs. 

(b)

p-value 
(c) vs. 

(d)
(a) Bivalirudin 

n=531
(b) UFH+GPI 

n=539
(c) Bivalirudin 

n=1,076
(d) UFH+GPI 

n=1,053

Femoral access 95.5% (507/531) 96.5% (520/539) 92.6% (996/1,076) 92.4% (973/1,053) 0.41 0.89

Left ventricular ejection 
fraction, % 50.00 (45.00, 60.00) 50.00 (44.00, 60.00) 50.00 (42.00, 58.00) 50.00 (40.00, 58.00) 0.23 0.73

<40% 12.2% (55/449) 13.1% (61/465) 14.2% (129/907) 16.7% (152/908) 0.69 0.14

Mitral regurgitation 11.1% (51/459) 9.7% (46/475) 15.5% (144/932) 12.9% (120/933) 0.47 0.11

PTCA only performed 2.9% (15/521) 3.4% (18/534) 4.4% (47/1,057) 4.4% (46/1,041) 0.65 0.98

Any predilatation 
angioplasty 77.6% (403/519) 74.4% (396/532) 79.9% (842/1,054) 79.5% (823/1,035) 0.22 0.83

One or more stents 
implanted 97.4% (516/530) 96.8% (522/539) 93.6% (1,007/1,076) 93.4% (983/1,053) 0.62 0.83

Number of stents implanted 1.43±0.71 1.48±0.75 1.59±0.89 1.54±0.88 0.35 0.19

Total stent length 
implanted, mm 24.00 (16.00, 36.00) 24.00 (20.00, 36.00) 24.00 (20.00, 40.00) 24.00 (16.00, 36.00) 0.25 0.30

Post-stent dilatation balloon 
used 41.4% (205/495) 41.6% (214/515) 35.4% (345/975) 36.5% (350/959) 0.96 0.61

Number of vessels treated 1.04±0.20 1.04±0.21 1.05±0.21 1.04±0.21 0.59 0.60

Multiple vessels treated 3.6% (19/525) 4.5% (24/534) 4.5% (48/1,058) 4.0% (41/1,037) 0.47 0.51

Number of lesions treated 1.10±0.35 1.13±0.37 1.14±0.40 1.12±0.40 0.27 0.25

Multiple lesions treated 9.0% (47/525) 11.6% (62/534) 11.7% (124/1,058) 9.5% (99/1,037) 0.15 0.11

Peak activated clotting 
time, sec (PCI cohort)

358.00 (310.00, 
407.00)

267.00 (231.00, 
331.00)

361.00 (304.00, 
406.00)

266.00 (230.00, 
324.00) <0.0001 <0.0001

Index PCI vessels

Left anterior descending 
coronary artery 39.7% (223/562) 43.4% (251/578) 39.1% (457/1,168) 41.3% (472/1,144) 0.20 0.30

Left circumflex artery 14.9% (84/562) 12.5% (72/578) 17.3% (202/1,168) 16.8% (192/1,144) 0.22 0.74

Right coronary artery 44.1% (248/562) 42.9% (248/578) 41.5% (485/1,168) 40.6% (464/1,144) 0.68 0.64

Left main coronary artery 0.4% (2/562) 0.2% (1/578) 0.9% (10/1,168) 0.5% (6/1,144) 0.55 0.34

TIMI flow 0/1 pre PCI 68.4% (384/561) 64.5% (373/578) 66.2% (770/1,164) 63.8% (727/1,140) 0.16 0.23

Final TIMI 3 flow post PCI 95.4% (536/562) 95.8% (553/577) 89.9% (1,046/1,164) 90.1% (1,031/1,144) 0.70 0.84

Any drug-eluting stent 74.7% (386/517) 73.4% (383/522) 70.6% (715/1,013) 72.0% (710/986) 0.64 0.48

Aspirin

Any at home before 
enrolling hospital 25.2% (134/531) 28.8% (155/539) 26.6% (286/1,074) 25.4% (267/1,052) 0.19 0.51

Any at home or loading 
dose given 98.5% (523/531) 98.5% (531/539) 99.3% (1,066/1,074) 99.0% (1,042/1,052) 0.98 0.60

Prescribed at discharge 99.4% (519/522) 98.3% (522/531) 99.2% (1,050/1,058) 98.4% (1,006/1,022) 0.09 0.08

Clopidogrel

Any at home before 
enrolling hospital 3.4% (18/530) 4.6% (25/539) 3.0% (32/1,074) 3.7% (39/1,052) 0.30 0.35

Any at home or loading 
dose given 97.7% (518/530) 98.9% (533/539) 99.1% (1,064/1,074) 98.0% (1,031/1,052) 0.15 0.04

Loading dose given 97.6% (518/531) 98.5% (531/539) 98.6% (1,061/1,076) 97.8% (1,029/1,052) 0.26 0.17

300 mg 31.3% (162/517) 31.6% (168/531) 36.2% (384/1,060) 37.1% (381/1,027) 0.92 0.68

600 mg 67.5% (349/517) 66.3% (352/531) 63.0% (668/1,060) 61.5% (632/1,027) 0.68 0.49

Prescribed at discharge 98.7% (515/522) 98.3% (522/531) 95.7% (1,013/1,058) 95.9% (979/1,021) 0.64 0.87

PCI: percutaneous coronary intervention; PTCA: percutaneous transluminal coronary angioplasty; SBT: symptom onset to first balloon inflation time
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Online Table 4. Kaplan-Meier incidence rates at three-year follow-up according to treatment arm and symptom onset to first balloon 
inflation time.

SBT ≤3 hours SBT >3 hours
Interaction 
p-valueBivalirudin 

n=531
UFH+GPI 

n=539
HR [95% CI] p-value

Bivalirudin 
n=1,076

UFH+GPI 
n=1,053

HR [95% CI] p-value

Major adverse cardiac events* 22.4% (117) 17.8% (93) 1.32 [1.01, 1.74] 0.045 21.3% (223) 24.1% (248) 0.86 [0.72, 1.03] 0.11 0.01

Death 5.0% (26) 4.8% (25) 1.04 [0.60, 1.81] 0.88 5.7% (60) 8.6% (88) 0.66 [0.47, 0.91] 0.012 0.16

Cardiac 2.7% (14) 3.3% (17) 0.83 [0.41, 1.69] 0.60 2.7% (28) 5.6% (57) 0.48 [0.30, 0.75] 0.001 0.19

Non-cardiac 2.4% (12) 1.6% (8) 1.50 [0.61, 3.66] 0.38 3.2% (32) 3.2% (31) 0.99 [0.60, 1.62] 0.97 0.43

Reinfarction 8.0% (41) 7.3% (37) 1.13 [0.73, 1.77] 0.59 5.4% (55) 9.0% (89) 0.59 [0.42, 0.82] 0.002 0.021

Stroke 1.6% (8) 1.8% (9) 0.89 [0.35, 2.32] 0.81 1.4% (14) 1.9% (19) 0.71 [0.36, 1.42] 0.33 0.70

Ischaemic target vessel revascularisation 15.6% (80) 10.6% (54) 1.55 [1.11, 2.17] 0.012 14.2% (144) 13.9% (136) 0.99 [0.79, 1.25] 0.86 0.054

Definite/probable stent thrombosis 6.2% (32) 4.0% (20) 1.63 [0.94, 2.86] 0.083 4.0% (40) 6.1% (59) 0.65 [0.44, 0.98] 0.036 0.009

Major bleeding 6.9% (36) 8.2% (43) 0.84 [0.54, 1.31] 0.43 6.9% (73) 11.7% (121) 0.57 [0.43, 0.77] 0.0001 0.16

Net adverse clinical events¶ 25.7% (135) 23.0% (121) 1.15 [0.90, 1.47] 0.27 25.2% (265) 30.3% (314) 0.79 [0.67, 0.93] 0.004 0.012

Values are % (n). *Death, myocardial infarction, ischaemic target vessel revascularisation, or stroke. ¶Major adverse cardiac events or non-coronary artery bypass graft-related major bleeding. 
CI: confidence interval; GPI: glycoprotein IIb/IIIa inhibitor; HR: hazard ratio; SBT: symptom onset to first balloon inflation time; UFH: unfractionated heparin

Online Table 5. Multivariable predictors of major adverse cardiac 
events* in patients with stent-to-balloon time ≤3 hours.

Variable
Hazard ratio (95% 

confidence interval)
p-value

30 days 

Bivalirudin 2.01 (1.09-3.73) 0.03

History of congestive heart failure 6.88 (2.73-17.31) <0.0001

Final TIMI 3 flow 0.25 (0.13-0.49) <0.0001

Prior percutaneous coronary 
intervention 1.87 (0.91-3.82) 0.09

Baseline TIMI 0/1 flow 2.48 (1.15-5.37) 0.02

Bivalirudin 2.01 (1.09-3.73) 0.03

3 years

Age 1.02 (1.00-1.03) 0.02

Bivalirudin 1.41 (1.06-1.87) 0.02

History of congestive heart failure 2.47 (1.39-4.37) 0.002

Number of stents implanted 1.18 (0.99-1.40) 0.057

Prior percutaneous coronary 
intervention 2.41 (1.73-3.36) <0.0001

Race (white) 0.62 (0.36-1.05) 0.08

*Death, myocardial infarction, ischaemic target vessel revascularisation, 
or stroke. Multivariate predictors using stepwise Cox regression with 
entry/stay criteria of 0.1/0.1. The covariate “Bivalirudin randomisation 
(Biv vs. GPI+HEP)” was forced in. Adjusted covariates include: age, sex, 
race, hypertension, hyperlipidaemia, current smoking, diabetes, history 
of congestive heart failure, prior percutaneous coronary intervention, 
prior coronary artery bypass grafting, number of stents implanted, TIMI 
flow pre-percutaneous coronary intervention, TIMI flow post-
percutaneous coronary intervention. TIMI: Thrombolysis In Myocardial 
Infarction

Online Table 6. Multivariable predictors of major adverse cardiac 
events* in patients with stent-to-balloon time >3 hours.

Variable
Hazard ratio (95% 

confidence interval)
p-value

30 days

Age 1.02 (1.00-1.04) 0.04

Bivalirudin 0.88 (0.58-1.35) 0.57

History of diabetes mellitus 2.13 (1.34-3.39) 0.001

Number of stents implanted 1.39 (1.17-1.64) 0.0002

Baseline TIMI 0/1 flow 2.65 (1.54-4.57) 0.0005

3 years

Age 1.03 (1.02-1.03) <0.0001

Bivalirudin 0.94 (0.78-1.14) 0.55

History of congestive heart failure 1.69 (1.09-2.62) 0.02

Current smoker 1.38 (1.11-1.71) 0.004

History of diabetes mellitus 1.50 (1.19-1.88) 0.0005

Number of stents implanted 1.27 (1.17-1.39) <0.0001

History of prior percutaneous 
coronary intervention 1.57 (1.18-2.10) 0.002

*Death, myocardial infarction, ischaemic target vessel revascularisation, 
or stroke. Multivariable predictors using stepwise Cox regression with 
entry/stay criteria of 0.1/0.1. The covariate “Bivalirudin randomisation 
(Biv vs. GPI+HEP)” was forced in. Adjusted covariates include: age, sex, 
race, hypertension, hyperlipidaemia, current smoking, diabetes, history 
of congestive heart failure, prior percutaneous coronary intervention, 
prior coronary artery bypass grafting, number of stents implanted, TIMI 
flow pre-percutaneous coronary intervention, TIMI flow post-
percutaneous coronary intervention. TIMI: Thrombolysis In Myocardial 
Infarction


