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Aims Dual antiplatelet therapy reduces non-fatal ischaemic events after acute coronary syndrome (ACS) but increases
bleeding to a similar extent. We sought to determine the prognostic impact of myocardial infarction (MI) vs. bleed-
ing during an extended follow-up period to gain insight into the trade-off between efficacy and safety among
patients after ACS.

...................................................................................................................................................................................................
Methods
and results

In 12 944 patients with non-ST-segment elevation ACS from the Thrombin Receptor Antagonist for Clinical Event
Reduction in Acute Coronary Syndrome (TRACER) trial, we investigated the relative impact of MI and bleeding
occurring>30 days post-ACS and subsequent all-cause mortality. Bleeding was graded according to Bleeding
Academic Research Consortium (BARC) criteria. MI was associated with a five-fold increase in mortality. BARC
type 2 and 3, but not type 1, bleeding had a significant impact on mortality. MI was associated with a greater risk of
mortality compared with BARC 2 [relative risk (RR) 3.5; 95% confidence interval (CI) 2.08–4.77; P< 0.001] and
BARC 3a bleeding (RR 2.23; 95% CI 1.36–3.64; P ¼ 0.001), and a risk similar to BARC 3b bleeding (RR 1.37; 95%
CI 0.81–2.30; P¼ 0.242). Risk of death after MI was significantly lower than after BARC 3c bleeding (RR 0.22; 95%
CI 0.13–0.36; P< 0.001). MI and bleeding had similar time-associations with mortality, which remained significant
for several months, still being higher early after the event.

...................................................................................................................................................................................................
Conclusion In patients treated with antiplatelet therapy after ACS, both MI and bleeding significantly impacted mortality with

similar time-dependency. Although BARC 2 and 3a bleeding were less prognostic for death than MI, the risk of
mortality was equivalent between BARC 3b bleeding and MI, and was higher following BARC 3c bleeding.
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Introduction

Dual antiplatelet therapy (DAPT) reduces the occurrence of both
stent-related and spontaneous myocardial infarction (MI) after acute
coronary syndrome (ACS).1–3 However, this benefit is counterbal-
anced by an increase in bleeding.2–4 Bleeding, which was historically
considered an acceptable price to pay for antithrombotic therapy,
has been recently shown to independently impact mortality, and a
causal relationship is generally accepted, although mechanisms are
not fully understood.5–8 International guidelines not only recommend
at least 12 months of DAPT after ACS or coronary stent implanta-
tion, but they also encourage considering bleeding risk when selecting
treatment duration.9–12Adequately accounting for the efficacy on
coronary thrombotic events and safety in medical decision-making
on type and duration of antiplatelet therapy is challenging.13

In light of recent clinical trial data with DAPT regimens beyond 1
year showing further reduction of ischaemic events at the price of a
similar increase in bleeding, the number of patients who may qualify for
longer-term DAPT is going to increase.14,15 Therefore, it is critical to
understand the prognostic implications of MI, especially spontaneous
MI, relative to bleeding in order to assist clinicians in selecting patients
for more potent or prolonged antiplatelet treatment. Previous studies
reported on the prognostic implications of in-hospital—largely
procedural—bleeding vs. ischaemic events.16,17 However, the impact
of spontaneous (i.e. non-procedural) bleeding occurring later during
treatment has been less extensively investigated,18,19 and its effect on
mortality, depending on the severity and how it compares with the
mortality risks following an MI, remains unclear.

In this analysis, using a large randomized clinical trial of patients
with non-ST-segment elevation (NSTE) ACS with long-term follow-
up, we aimed to assess the relative impact on all-cause mortality of
MI and bleeding occurring late after the initial ACS presentation on
all-cause mortality.

Methods

Patient population
The Thrombin Receptor Antagonist for Clinical Event Reduction in
Acute Coronary Syndrome (TRACER) trial design and inclusion and
exclusion criteria have been described previously.20 In brief, TRACER
was an international, prospective, randomized, double-blind trial of vora-
paxar vs. placebo in patients hospitalized for NSTE ACS managed accord-
ing to contemporary practice. A total of 12 944 patients from 37
countries and 818 sites were enrolled, and 12 702 who were alive and
free from recurrent MI at 30 days after randomization were considered
in the current analysis.

All enrolled patients had acute symptoms of coronary ischaemia within
24 h before hospital presentation and at least one of the following find-
ings: a cardiac troponin (I or T) or creatine kinase-MB level that was
higher than the upper limit of the normal range or a new ST-segment
depression of >0.1 mV or transient ST-segment elevation (<30 min)

of >0.1 mV in at least two contiguous leads. Also, at least two of the fol-
lowing criteria were required: age �55 years; previous MI, percutaneous
coronary intervention (PCI), or coronary artery bypass grafting (CABG);
or presence of diabetes mellitus or peripheral arterial disease.

Study procedures
Patients were randomly assigned in a 1:1 ratio to receive vorapaxar (a
loading dose of 40 mg and a daily maintenance dose of 2.5 mg thereafter),
which is an oral protease-activated receptor 1 antagonist, or matching
placebo. Type and timing of revascularization were at the discretion of
the operating physician. Concomitant antiplatelet treatments were also
decided by the treating physician and according to international guide-
lines;>90% of patients were treated with clopidogrel during the index
ACS hospitalization.

Endpoints
The endpoint of interest for this analysis was all-cause death. We aimed
to assess the association of mortality with (i) any MI and (ii) bleeding that
was not related to CABG. We only included MI and bleeding events that
occurred at least 30 days after randomization. This time window was jus-
tified by the need to focus only on late events occurring in patients
already stabilized post-ACS, excluding early events that are largely influ-
enced by in-hospital interventional or surgical procedures. Bleeding
events were graded according to the Bleeding Academic Research
Consortium (BARC) criteria.21 In brief, BARC bleeding was defined as fol-
lows: BARC type 1, any bleeding that is not actionable; type 2, any overt,
actionable sign of bleeding; type 3a, overt bleeding with a haemoglobin
drop of 3–5 g/dL or any transfusion; type 3b, overt bleeding with a
haemoglobin drop>5 g/dL, requiring vasopressors, surgical intervention,
or due to cardiac tamponade; type 3c, any intracranial or intraocular
bleeding; type 4, any bleeding that was CABG-related; and finally type 5,
any bleeding resulting in death. MI was classified according to the Third
Universal Definition of Myocardial Infarction.22

An independent clinical events committee (CEC) adjudicated all
events. Definitions were previously described.20 Bleeding events were
classified by the CEC according to the TIMI (Thrombolysis In Myocardial
Infarction) and GUSTO (Global Use of Strategies to Open Occluded
Coronary Arteries) definitions. The BARC classification was derived with
an algorithm on data points adjudicated by the CEC. The ethics commit-
tee or institutional review board of each participating institution
approved the study protocol, and written informed consent was required
prior to study inclusion. The study was conducted in accordance with the
principles of the Declaration of Helsinki. The Duke University
Institutional Review Board approved the use of the TRACER database
for secondary analyses.

Statistical analysis
Demographic and baseline variables were summarized by the worst
BARC bleeding event experienced from 30 days postrandomization (see
Supplementary material online, Table S1) and by whether an MI occurred
during this period (see Supplementary material online, Table S2).
Continuous variables were presented as medians (inter-quartile ranges),
and categorical variables were presented as counts (proportions).

All-cause mortality risk was investigated using Cox proportional haz-
ards models. All models described below included covariates for MI and
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..BARC bleeding during the first 30 days postrandomization, as well as age,
body mass index, female sex, Killip class�2 at enrolment, history of periph-
eral arterial disease, prior stroke, prior MI, hypertension, hyperlipidaemia,
diabetes mellitus, smoker at enrolment, and systolic blood pressure at enrol-
ment. Randomized treatment was not included as a covariate in the models
because of the lack of association with all-cause mortality.20 MI and BARC
bleeding events after 30 days were included as time-dependent binary indi-
cators. Risk of recurrent events has been modelled taking into account the
first occurrence of such an event, whereas in case of events of different
severity (i.e. BARC 2 followed by BARC 3 bleeding), these have been con-
sidered as separate covariates. Hazard ratios (HRs) and P-values for the risk
of all-cause death associated with post-30-day bleeding and post-30-day MI
events were obtained from Model 1—BARC 3a, 3b, and 3c bleeding events
were treated the same as BARC 3 bleeding events (Table 1)—and from
Model 2, where they were evaluated separately (Table 2). The relative

hazard of MI vs. bleeding events was estimated from the same models.
Additional analyses investigated the time-dependent nature of the risk of
death associated with post-30-day bleeding and MI events as a function of
the time elapsed since the event. In these analyses, the natural log of the haz-
ard of death was modelled as a function of (i) natural log, (ii) square root, (iii)
quadratic, and (iv) piecewise linear function (with separate slopes for 0–30
days and after 30 days) of time elapsed since the bleeding or MI event. The
best-fitting model was selected using the Akaike Information Criterion. For
patients who experienced both a bleeding event and an MI, both events
were counted and each was considered individually as predictors of death
(i.e. the models included covariates for MI and bleeding events).

All statistical tests were performed at a significance level of 0.05. All
analyses were performed at the Duke Clinical Research Institute
(Durham, NC, USA) using SAS software, version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

....................................................................................................................................................................................................................

Table 1 Model 1: Association between risk of mortality and BARC 1, 2, and 3 (any 3a, 3b, 3c pooled) bleeding events
occurring >30 days after randomization (adjusted for known mortality risk factors)

Covariate Definition Death for

no event

Death for

event

Adjusteda

HR (95% CI)

P-value for

covariate risk (HR)

MI — 3.19% 16.43% 5.36 <0.001

(382/11 984) (118/718) (4.26–6.74)

Any BARC bleeding <0.001

Nuisance (BARC 1) Non-actionable bleeding 3.95% 3.76% 0.89 0.551

(467/11 824) (33/878) (0.61–1.31)

Minor (BARC 2) Any overt, actionable sign of bleeding 3.79% 6.32% 1.70 0.001

(455/11 990) (45/712) (1.23–2.36)

Major (BARC 3a–c) Any overt, actionable bleeding

associated with �3 g/dL hgb drop,

transfusion, or more severe bleeding

3.41% 22.83% 5.73 <0.001

(421/12 356) (79/346) (4.32–7.59)

CI, confidence interval; hgb, haemoglobin; HR, hazard ratio; MI, myocardial infarction; BARC, Bleeding Academic Research Consortium.
aAdjustment covariates include: MI and BARC bleeding through Day 30 post-randomization, age, body mass index, female sex, Killip class�2 at enrolment, history of peripheral
arterial disease, prior stroke, prior MI, hypertension, hyperlipidaemia, diabetes mellitus, smoker at enrolment, and systolic blood pressure at enrolment.

....................................................................................................................................................................................................................

Table 2 Model 2: Association between risk of mortality and BARC 1, 2, 3a, 3b, and 3c bleeding events occurring more
than 30 days after randomization (adjusted for known mortality risk factors)

Covariate Definition Death for

no event

Death

for event

Adjusteda

HR (95% CI)

P-value for

covariate risk (HR)

MI — 3.19% 16.43% 6.15 <0.001

(382/11 984) (118/718) (4.90–7.74)

Major bleeding

BARC 3a Overt bleeding with hgb drop 3–5 g/dL

or any transfusion

3.75% 18.29% 2.77 <0.001

(470/12 538) (30/164) (1.86–4.12)

BARC 3b Overt bleeding with hgb drop > 5 g/dL,

requiring vasopressors, surgical intervention,

or due to cardiac tamponade

3.78% 20.00% 4.51 <0.001

(475/12 577) (25/125) (2.86–7.10)

BARC 3c Intracranial or intraocular bleeding 3.76% 42.11% 28.2 <0.001

(476/12 645) (24/57) (17.5–45.7)

CI, confidence interval; hgb, haemoglobin; HR, hazard ratio; MI, myocardial infarction; BARC, Bleeding Academic Research Consortium.
aAdjustment covariates include: MI and BARC bleeding through Day 30 post-randomization, age, body mass index, female sex, Killip class�2 at enrolment, history of peripheral
arterial disease, prior stroke, prior MI, hypertension, hyperlipidaemia, diabetes mellitus, smoker at enrolment, and systolic blood pressure at enrolment.
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Results

In the TRACER trial, a total of 12 702 patients were alive and free
from any recurrent MI at 30 days. A total of 718 patients (5.6%) suf-
fered a recurrent MI 30 days after the index event, most of which
were spontaneous (Table 3). Bleeding events occurring during study
follow-up were distributed as follows: BARC 1 occurred in 878
patients (6.9%); BARC 2 occurred in 712 patients (5.6%); BARC 3
occurred in 346 patients (2.7%) (Table 1). More than one post-30-
day MI occurred in 0.98% of patients during follow-up, whereas mul-
tiple BARC 2 or 3 bleeding events occurred in 1.39%. The proportion
of patients experiencing both bleeding and MI during follow-up was
1.46%, with similar rates of patients experiencing an MI first (0.72%)
or bleeding first (0.75%) (Figure 1). Demographic and clinical charac-
teristics of patients experiencing bleeding and MI events are pre-
sented in the Supplementary materia online, Tables S1 and S2,
respectively. Patients with vs. without bleeding were older; more
often affected by dyslipidaemia or diabetes; and more often had a his-
tory of stroke, peripheral vascular disease, and atrial fibrillation.
Patients with vs. without MI were older and more often affected by
hypertension, dyslipidaemia, diabetes, and other comorbidities.

Mortality following bleeding or
myocardial infarction
Death occurred in 500 patients (3.9%) at the end of follow-up.
Table 1 reports the number of patients who died following MI or
bleeding events. When considered as time-dependent covariates in
the multivariable-adjusted model, both post-30-day bleeding and MI
were associated with mortality (Table 1). Patients with an MI�30
days after randomization had a five-fold increase in the hazard of
death [adjusted HR 5.36; 95% confidence interval (CI) 4.26–6.74;
P< 0.001]. BARC 1 bleeding did not affect survival (adjusted HR
0.89; 95% CI 0.61–1.31; P¼ 0.551), whereas BARC 2 and 3 bleeding
types were associated with a significant increase in the risk of mortal-
ity, with a progressive increase in risk with more severe categories of
bleeding (Table 1). When BARC 3 major bleeding subcategories
(BARC 3a, 3b, and 3c) were separately included in a second multivari-
ate-adjusted model for mortality, a consistent risk progression among
more severe bleeding events was also noted (Table 2). The

prognostic impact was independent from the randomized treatment
with vorapaxar for both MI (Pint¼0.19) and different bleeding types
(BARC 1: Pint¼0.61; BARC 2: Pint¼0.20; BARC 3: Pint¼0.17).

Relative impact of bleeding vs.
myocardial infarction on mortality
The relative impact on mortality of an MI vs. a bleeding event is dis-
played graphically in Figure 2. The relative hazard of death was three-
fold higher in patients experiencing an MI vs. a BARC 2 bleeding event
[5.36 vs. 1.70; relative risk (RR) 3.15; 95% CI 2.08–4.77; P< 0.001],
whereas no significant difference was noted for BARC 3 bleeding
(5.36 vs. 5.73; RR 0.94; 95% CI 0.63–1.40; P¼ 0.747). In a second
adjusted model for mortality that accounted for the BARC 3 subcate-
gories (BARC 3a, 3b, and 3c) separately, the risk of mortality associ-
ated with MI was significantly higher than for BARC 3a bleeding (6.15
vs. 2.77; RR 2.23; 95% CI 1.36–3.64; P¼ 0.001). MI was associated

Figure 1 Distribution of minor and major bleeding and myocar-
dial infarction in the TRACER trial. The Venn diagram shows
patients experiencing minor or major bleeding (in red) and myocar-
dial infarction (in blue). Smaller circles represent patients experienc-
ing more than one event during follow-up. The intersection
represents patients experiencing both myocardial infarction and
bleeding during follow-up. MI, myocardial infarction.

....................................................................................................................................................................................................................

Table 3 Myocardial infarction occurring >30 days after randomization in the TRACER trial, stratified according to the
Third Universal Definition of Myocardial Infarction

Event Definition Frequency Valid per cent (%)

Myocardial infarction 718 —

Type 1 Spontaneous 594 82.7

Type 2 Secondary to ischaemic imbalance 46 6.41

Type 3 Resulting in SCD 0 0.0

Type 4a Related to PCI 34 6.69

Type 4b Related to stent thrombosis 35 4.87

Type 5 Related to CABG 7 5.07

STEMI 77 10.75

New Q-wave 31 5.18

CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; SCD, sudden cardiac death; STEMI, ST-segment elevation myocardial infarction.
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..with a non-significant increase in the risk of death compared with
BARC 3b bleeding (6.15 vs. 4.51; RR 1.37; 95% CI 0.81–2.30;
P¼ 0.242). Mortality following MI was significantly lower than follow-
ing a BARC 3c bleeding event (6.15 vs. 28.2; RR 0.22; 95% CI 0.13–
0.36; P< 0.001) (Figure 2).

Time relation of bleeding and myocardial
infarction with hazard of mortality
The time-pattern of the associated hazard of mortality was similar
between MI and bleeding events. For both MI and bleeding, the risk
of death was higher early after the event; it rapidly dissipated in the
subsequent days, but it still kept a significant prognostic impact for
several months thereafter. The mortality risk was no longer signifi-
cantly different from that in patients without an MI or bleeding event
215 days after an MI; 183 days after a BARC 2 minor bleeding event;
and 538, 239, and 113 days for BARC 3a, 3b, and 3c bleeding, respec-
tively (Figure 3).

Discussion

We have confirmed the prognostic significance of MI and bleeding
occurring late after hospitalization, and found that the relative prog-
nostic impact of MI compared with bleeding markedly varied based
on the severity of bleeding. The risk of mortality following an MI was
three-fold higher compared with that of BARC 2 bleeding, whereas it
was similar to that of BARC 3 bleeding. When BARC 3 subcategories
were separately appraised, MI had a higher mortality risk than BARC
3a bleeding, and was substantially equivalent to the risk of mortality
following BARC 3b bleeding. Importantly, the risk of death was high-
est after intracranial or intraocular haemorrhages (captured in the
BARC 3c category), and it was �4.5-fold higher than the risk of
bleeding following MI.

Our analysis was based on centrally adjudicated events and ana-
lysed bleeding according to a standardized, widely accepted and
reproducible bleeding definition. Prior analyses have observed a simi-
larly increased risk of mortality between spontaneous MI and bleed-
ing during a 4 year follow-up.23 However, this consideration might
largely depend on bleeding definition and the type of bleeding

Figure 2 Differential impact of myocardial infarction vs. bleeding on mortality. Blue rhombuses represent the magnitude (adjusted hazard ratio) of
the impact on mortality of late myocardial infarction, whereas red rhombuses represent that of bleeding of different severity. On the right part of the
figure, the estimate of the relative risk (ratio of the hazard ratios) for each category is presented. *The estimates of the impact of events on mortality
is derived from Model 1, including BARC 3 bleeding as a single category. †The estimates of the impact of events on mortality is derived from Model 2,
including BARC 3 bleeding subcategories separately. MI, myocardial infarction.
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..explored.24 In fact, accounting for bleeding severity, we found that
recurrent MI had higher prognostic impact on mortality than bleed-
ing, except for BARC 3c categories. This information is of major
importance, as it indicates that it might be fair to pursue a more
potent antiplatelet regimen to avoid an MI even at the expense of
mild-to-moderate bleeding in patients with high ischaemic risk. In
addition, our data suggest that combining all bleeding, including minor
bleeds that are more frequent but less prognostically significant, into
a safety endpoint or net clinical outcome including MI may pose signif-
icant challenges in interpreting the clinical benefit of drugs.

The temporal association with mortality was similar between MI
and minor or major bleeding. Although the highest risk of mortality
was present in the first week after the event, its magnitude rapidly
decreased thereafter, despite remaining elevated for several months.
Prior studies assessing the temporal association of ischaemia and
bleeding with mortality have had contrasting results.16,18 In one
report based on an NSTE MI population, the impact of bleeding was
sustained over time up to 1 year after the event, whereas the impact
of MI rapidly dissipated and was no longer significant after 30 days.16

In a second report focusing on ST-segment elevation MI patients,

recurrent MI had a more long-lasting effect on mortality (>1 year),
whereas severe bleeding did not have a significant impact on mortal-
ity as early as 30 days after the event.18 A similar result in an all-ACS
population was observed by Hochholzer et al.,19 who found the risk
of bleeding being no more significantly elevated 40 days after the
event. Reconciling these inconsistent results is challenging as they
concern different populations, different types and definitions of
events, and different statistical methods. Accordingly, further studies
are needed to confirm the time-association pattern between MI and
bleeding with mortality.

The findings of our analysis might also help explain the efficacy/
safety balance of recent clinical trials exploring newer strategies of
prolonged DAPT, which have demonstrated an ischaemic benefit
obtained at the expense of increased bleeding complications.14,15,25,26

The PEGASUS-TIMI 54 (Prevention of Cardiovascular Events in
Patients with Prior Heart Attack Using Ticagrelor Compared to
Placebo on a Background of Aspirin–Thrombolysis in Myocardial
Infarction 54) trial tested the effect of a long course of treatment
with two different doses of ticagrelor (90 and 60 mg) vs. placebo in
patients with an MI that occurred 1–3 years earlier.15 Ticagrelor

Figure 3 Evolution of the prognostic impact of minor and major bleeding vs. myocardial infarction over time. This figure shows the adjusted hazard
ratio for mortality of myocardial infarction vs. minor (BARC 2) and major (BARC 3a–c) bleeding as a function of time elapsed after the event. Inside
graph: The decline in hazard ratio as an exponential function of time in the first 30 days. Outside graph: The decline in hazard ratio for the first year
after the event. Solid lines represent point estimates; dashed lines represent 95% confidence intervals. MI, myocardial infarction; BARC, Bleeding
Academic Research Consortium.
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reduced the primary efficacy endpoint by an absolute 1.2%, mainly by
reducing MIs and stroke, but with no significant impact on mortality.
Interestingly, the treatment with ticagrelor also increased major
bleeding to a similar extent. The DAPT trial included patients treated
with drug-eluting stents, who after a 12 month run-in phase of stand-
ard DAPT with thienopyridines were randomized to stop or con-
tinue the P2Y12 inhibitor.14 After 30 months, patients randomized to
an extended DAPT course showed a reduction of ischaemic events
at the expense of a similar increase. Taken together, these trials and
our current findings strongly suggest that DAPT duration should be
weighed considering the ischaemic vs. bleeding risk profile of the
patient, as both complications may concur to significantly increase
mortality, with comparative effects that largely depend on the bleed-
ing severity.14,15,27–29

Net clinical benefit outcomes have become a popular endpoint to
account for both efficacy and bleeding effect. However, there is an
intrinsic risk of misinterpretation when heterogeneity among compo-
nents exists with respect to either importance, number of events, or
magnitude of treatment effect.30 In this scenario, one can imagine
that if the directions of minor bleeding and MI are different, but minor
bleeding occurs more frequently, the net clinical benefit will be
pushed towards the treatment with fewer events, irrespective of
their clinical significance. To overcome this limitation of the classic
time-to-event analysis, alternative statistical approaches have been
proposed.31–33 These methods rank or weigh events according to
their clinical significance, minimizing imbalances from differences in
direction and magnitude of single components of the endpoint.
However, the evidence regarding how various bleeding types should
be weighed in combined endpoints against MI is so far limited. Hence,
our study could be useful, informing a more objective way to rank/
weigh ischaemic and bleeding events.

The limitations of our study must be acknowledged. This is a post
hoc analysis, and the interplay between MI, bleeding, and mortality is
very complex; we could not account for all possible factors impli-
cated in their causal relationship. Second, we did not evaluate the
prognostic impact of MI subcategories; however, because we
excluded events occurring during the first 30 days, PCI- and CABG-
related MI were observed rarely. Finally, although bleeding events
were stratified by severity, we did not have a systematic measure of
infarct severity or size. For example, imaging assessing infarct size or
changes in ejection fraction are typically not systematically performed
in large phase 3 randomized clinical trials and were not available in
TRACER. It is likely to expect a different impact on mortality of
events related with larger areas of myocardium at risk and/or with
proximal segments of the coronary arteries.34,35

Conclusions

Recurrent MI occurring 30 days after hospitalization for NSTE ACS
appeared to be associated with a higher risk of mortality compared
with mild-to-moderate bleeding, and had a similar prognostic implica-
tion compared with severe, non-intracranial bleeding. Intracranial
and intraocular bleeding were associated with a mortality risk that
was higher than for MI. These findings may help interpret the risk-
and-benefit profile of antithrombotic medications.

Supplementary material

Supplementary material is available at European Heart Journal online.
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