
Abstract

Patients with acute myocardial infarction (AMI) are at
increased risk of recurrent ischemic events after hospital dis-
charge, despite optimal medical therapy. Current practice guide-
lines strongly encourage the early assessment of the residual
ischemic risk in post-AMI patients, in order to identify those
who may benefit from a prolonged dual antiplatelet therapy. To
this end, some scoring systems have been proposed. However,
most scores were developed for patients with stable coronary
artery disease undergoing percutaneous coronary intervention.
Moreover, nearly all failed to be implemented in everyday clini-
cal practice, probably because of the perceived complexity due
to the large number of incorporated variables. Therefore, the
identification of the ideal AMI patient who can benefit from a
prolonged (beyond 1 year after the index event) dual antiplatelet
therapy remains to be clarified, especially when the bleeding risk
associated with such therapy is considered. In this review, we
summarize the current evidence on the prolonged use of dual
antiplatelet therapy after AMI, with a special focus on recent
advances regarding the identification of high-risk patients who
may derive a favorable net clinical benefit from such a therapeu-
tic strategy.

Introduction

Patients with acute myocardial infarction (AMI) are at
increased risk of recurrent ischemic events after hospital dis-
charge, despite current optimal medical therapy [1-3], with each
episode associated with an increase in mortality [4-7]. In particu-
lar, the risk of recurrent AMI is greatest during the first 30 days
and remains significantly elevated in the first year, with reported
1-year rates that dropped from about 25% [8] in the early nineties
to the current 5-7% [2,9,10].

This heightened predisposition to athero-thrombotic events
has been attributed to a persistent elevated platelet activation for a
considerable period after AMI [11,12], suggesting that prolonged
inhibition of platelet function may be needed to reduce the risk of
recurrent ischemic events. Accordingly, the benefits of dual
antiplatelet therapy (APT) was first established by the Clopidogrel
in Unstable Angina to Prevent Recurrent Events (CURE) [13],
ClOpidogrel and Metoprolol in Myocardial Infarction
Trial/Second Chinese Cardiac Study (COMMITT/CCS-2) [14],
and CLopiodogrel as Adjunctive ReperfusIon TherapY (CLARI-
TY)-Thrombolysis In Myocardial Infarction (TIMI) 28 [15] trials.
Combined aspirin and clopidogrel therapy reduced the 1-year inci-
dence of cardiovascular events by approximately 20%, compared
with aspirin alone. More potent P2Y12 receptor inhibition with
either prasugrel or ticagrelor was superior to clopidogrel in the
subsequent TRial to assess Improvement in Therapeutic Outcomes
by optimizing platelet InhibitioN with prasugrel Thrombolysis In
Myocardial Infarction 38 (TRITON-TIMI 38) and Study of
Platelet Inhibition and Patient Outcomes (PLATO) trials [16,17].
However, a higher predisposition to new ischemic events may per-
sist for years following an AMI, as clearly demonstrated in recent
registries and subgroup analyses of prior trials [1-7]. As such,
these patients may have a persistent patho-biology, which would
justify the extension of dual APT beyond the first year after the
index event. Nevertheless, dual APT is strongly recommended for
only up to one year for reduction of cardiovascular events in
patients with a prior AMI, with a weak (IIb) recommendation to
continue thereafter [18,19].

Recently, two large randomized trials demonstrated that
extended duration of dual APT significantly reduced athero-
thrombotic events in patients one year or more after AMI at the
expense of higher bleeding [20,21]. Given these findings and the
heterogeneity in results of other trials and meta-analyses testing
prolonged dual APT duration [20-24], the net clinical benefit of
dual APT beyond one year for secondary prevention in patients
with AMI is still controversial.

The objective of the present review is to summarize the cur-
rent evidences supporting dual APT extension beyond one year
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after AMI, with a special focus on the identification of potential
candidates who may benefit the most from such a therapeutic
strategy.

Long-term residual ischemic and bleeding risk
after AMI

While much information characterizes the short-term and
medium-term prognosis of AMI patients, long-term (>1 year) post-
AMI outcome has received less extensive attention. Only recently,
registries and randomized controlled trials have addressed this
issue [1-7,13-15,18,19].

In a large Swedish registry study, which included 97,254
patients discharged after AMI, the risk of non-fatal AMI, non-fatal
stroke, or cardiovascular death (primary composite endpoint) dur-
ing the first year after the index event was 18.3% [2]. Although the
risk was lower in the subsequent three years, it remained relatively
high with about 20% of patients experiencing the primary endpoint
during the following three years [2]. More recently, a further large
four-country analysis, including more than 100,000 survivors of
AMI aged ≥65 years, showed an annual risk of death one year
onwards after AMI that was more than double that of a similar gen-
eral population, with about half of deaths due to cardiovascular
disease [25]. Indeed, death, stroke, or further AMI after the first
year occurred in about one-third of patients during the subsequent
three years. However, in this study [25], the primary composite
end-point included all-cause death, that reached 36% for the
United States population, that had a higher rate of comorbidities,
such as chronic obstructive pulmonary disease, renal failure, and
history of more than 1 AMI or heart failure, factors that may be
linked to non athero-thrombotic causes of death. Similarly, in the
Harmonizing Outcomes with Revascularization and Stents in
Acute Myocardial Infarction (HORIZONS-AMI) trial, a prospec-
tive study of patients with ST-elevation myocardial infarction
(STEMI) who were all treated with primary percutaneous coronary
intervention (PCI), the 3-year incidence of recurrent AMI was
6.9% [26].

Finally, data from post-AMI populations derived from the
recent Dual Antiplatelet Therapy trial (DAPT) and the 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 (PEGASUS-TIMI 54)
trial revealed annual rates of major adverse cardiac events in
patients treated with aspirin only of 4% and 3% for the same out-
come, an expected lower figure as compared to that reported in
real-world populations [20,21]. Of note, in the PEGASUS-TIMI
54 trial, the risk of ischemic events continued for several years
without evidence of decreasing risk more than five years from the
qualifying AMI [27].

Not only recurrent ischemic events are likely after AMI but
also bleeding events may occur in patients following AMI treated
with anti-thrombotic agents. Indeed, a detrimental liaison exists
between ischemic recurrences, bleeding and mortality. Registries
and trials have consistently shown that major bleeding is associat-
ed with an increase in mortality, which could partially thwart the
benefits of dual APT [28-31]. Several mechanisms have been pro-
posed to explain the link between bleeding and mortality, including
rebound hypercoagulability and ischemic events due to discontin-
uation of antithrombotic treatments [32]. Although bleeding may
be a life-threatening complication of dual APT, it should be under-
lined that the incidence of major bleeding events reported in con-

trolled trials and registries in AMI patients treated with dual APT
is low, especially when compared to its ischemic counterpart.
Indeed, most studies reported a rate of fatal bleeding within the
first year after AMI always below 1% [16,17,29]. Moreover, in a
study population including 14,963 patients derived from 8 multi-
center randomized clinical trials, undergoing coronary stent
implantation and treated with dual APT, out-of-hospital major or
minor bleeding occurred with a yearly incidence of 1.2% at a
median follow-up of about two years (with half of bleeding events
being major) [33].

A similar figure was reported in a recent real-world AMI
cohort, in which major bleeding rate (fatal, bleeding requiring
transfusion, and hemorrhagic stroke) during the first year after the
index event was very low (about 0.2%) [34]. Moreover, evidences
now showed that in patients who have tolerated dual APT for one
year, without experiencing a bleeding event, long-term tolerability,
and hence compliance with therapy, is very high, with annual rates
of drug discontinuation similar to those seen with placebo [35].
Notably, the strategy of continuing dual APT uninterrupted beyond
twelve months from AMI offered a greater magnitude of benefit
(27% relative risk reduction) than reinitiating in patients with a
more remote AMI who were event-free while receiving aspirin
monotherapy [36].

Therefore, post-AMI patients appear to have a sustained and
high risk of recurrent athero-thrombosis and subsequent death.
This suggests that, in these patients, surveillance is required
beyond twelve months after the index event, in order to update
continuously their ischemic and bleeding profile.

Long-term dual apt for secondary prevention
of AMI

As patients with AMI are at higher risk of ischemic recurrences
than patients who have coronary artery disease without prior AMI,
several trials and subgroup analyses investigated whether a more
intensive long-term dual APT in AMI patients is associated with a
greater clinical benefit. The Clopidogrel and Aspirin Versus
Aspirin Alone for the Prevention of Atherothrombotic Events trial
(CHARISMA) [37] included coronary artery disease patients with
and without prior AMI who were randomized to clopidogrel plus
aspirin or aspirin alone and were treated for a median of 28
months. Although the overall results of the study were neutral,
patients with prior AMI had a significant 23% relative risk reduc-
tion in major adverse cardiac events with the addition of clopido-
grel to aspirin. In contrast, those without prior AMI showed a trend
toward harm. Similarly, in the DAPT study [38], the subgroup of
patients with a prior AMI derived a larger ischemic benefit from
prolonged treatment with clopidogrel or prasugrel in addition to
aspirin (44% relative risk reduction vs 17% in patients without
AMI). The PEGASUS-TIMI 54 trial demonstrated that the addi-
tion of ticagrelor to low-dose aspirin reduces long-term ischemic
risk in patients with a history of AMI (1-3 years earlier), with more
than 50 years of age, and at least one additional high-risk feature
among age ≥65 years, diabetes mellitus, prior AMI, multi-vessel
coronary artery disease, and estimated glomerular filtration rate
<60 ml/min/1.73m2 [21]. Thus, the hypothesis that long-term dual
APT reduces ischemic events in patients with prior AMI has been
demonstrated with clopidogrel in the CHARISMA trial, clopido-
grel and prasugrel in the DAPT trial, and ticagrelor in the PEGA-
SUS-TIMI 54. However, these trials consistently showed that the
reduction in the long-term ischemic risk with dual APT is associ-
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ated with increased bleeding risk, albeit generally not of fatal or
intracranial bleeding. More recently, in the predicting bleeding
complications in patients undergoing stent implantation and subse-
quent dual antiplatelet therapy (PRECISE-DAPT) analysis [33],
considering 14,963 patients (nearly 30% of whom presented with
AMI) treated with dual APT, largely consisting of aspirin and
clopidogrel, a longer dual APT duration significantly increased
bleeding in patients at high risk, but not in those with lower risk
profiles, and exerted a significant ischemic benefit only in this lat-
ter group.

Two meta-analyses also examined whether the duration of dual
APT in patients who have undergone PCI using drug eluting stent
for any indication has an effect on a range of outcomes, including
stent thrombosis, cardiovascular death, all-cause mortality, and
bleeding [22,23]. Both studies included the same ten trials that
compared standard (≤1 year) or extended (>1 year) courses of dual
APT and concluded that fewer than twelve months of dual APT is
associated with significantly lower all-cause mortality compared
with greater than twelve months. Moreover, a significantly lower
risk of major bleeding and a higher risk of AMI and stent throm-
bosis were observed in the shorter dual APT groups. However,
only a minority of study patients included in the meta-analyses had
a history of prior AMI, ranging from 1.6% to 35% of patients. It is
therefore difficult to extrapolate the results of this overall analysis
to patients with AMI specifically. As such, Udell et al. [24] focused
their investigation on patients with prior AMI only. In their meta-
analysis including >33,000 AMI patients they found that extended
dual APT (beyond one year) resulted in a 22% relative risk reduc-
tion for major adverse cardiovascular events over a mean follow-
up of about three years. The pooled data in this meta-analysis
showed for the first time that there is a significant 15% reduction
in cardiovascular death in post-AMI patients receiving long-term

dual APT, with a trend towards reduced all-cause mortality. On the
other hand, there was a 27% relative increase in the risk of major
bleeding (from 1.1% to 1.8%), but without significant excess of
intracranial or fatal bleeding.

Taken together, these findings support prior research suggest-
ing that the mechanism of long-term cardiovascular benefit with
prolonged dual APT in AMI patients is likely an extension of the
benefits seen following early treatment, and that anti-thrombotic
therapy in AMI patients should be differentiated from that of
patients undergoing elective PCI. Notably, the Providing Regional
Observations to Study Predictors of Events in the Coronary Tree
(PROSPECT) study demonstrated, in acute coronary syndrome
patients undergoing PCI, that major adverse cardiovascular events
(death from cardiac causes, cardiac arrest, myocardial infarction,
or rehospitalization due to unstable or progressive angina) occur-
ring at three-year follow-up were equally attributable to recurrence
at the site of culprit lesions and to non-culprit lesions [39]. This,
further highlights the critical need to protect the vulnerable patient
rather than to prevent ischemic recurrences related to stent only.

Future perspectives

Current practice guidelines strongly encourage the early
assessment of ischemic risk in post-AMI patients, in order to iden-
tify those who may benefit from a prolonged dual APT [18,19].
Accordingly, several scoring systems have been proposed to aid
clinicians in this decision making [40-46] (Table 1). However, the
complexity of some of these risk scores, due to the many variables
included, makes their clinical application impractical [40-44].
Moreover, the majority of them were developed for patients under-
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Table 1. Most recently proposed scores for ischemic risk assessment in patients with coronary artery disease.

DAPT [45]                                        PARIS [46]                                  CHINA PEACE [44]

Study design                                                    RCT                                                            Registry                                                             Registry
Year of publication                                        2016                                                           2016                                                                    2018
Patients in the derivation cohort (n)        11,648                                                        4190                                                                    3170
Patients in the validation cohort (n)        8709                                                           8130                                                                    1057
Percentage of AMI patients                         21%                                                            25%                                                                     100%
Length of follow-up                                       from 12 to 30 months after PCI          24 months after PCI                                       12 months after AMI 
AUC (derivation cohort)                              0.68                                                             0.68                                                                     0.73
AUC (validation cohort)                               0.62                                                             0.65                                                                     0.77
Variables included                                         Age                                                             ACS                                                                     Age
                                                                           Smoking                                                    Smoking                                                            Prior AMI
                                                                           Diabetes mellitus                                   Diabetes mellitus                                           Education
                                                                           AMI at presentation                               ClCr <60 ml/min                                              Prior VT/VF
                                                                           Prior PCI/AMI                                          Prior PCI                                                           Hypertension
                                                                           Paclitataxel-eluting stent                     Prior CABG                                                       Angina 
                                                                           Stent diameter <3 mm                                                                                                     Prearrival medical assistance
                                                                           CHF/LVEF<30%                                                                                                                   >4 h from symptoms onset
                                                                           Vein graft PCI                                                                                                                      LVEF
                                                                                                                                                                                                                           Renal dysfunction
                                                                                                                                                                                                                           Heart rate
                                                                                                                                                                                                                           Systolic blood pressure
                                                                                                                                                                                                                           White blood cell count
                                                                                                                                                                                                                           Blood glucose
                                                                                                                                                                                                                           In-hospital complications
DAPT, dual antiplatelet therapy trial; PARIS, patterns of non-adherence to antiplatelet regimen in stented patients; CHINA PEACE, China patients-centered evaluative assessment of cardiac events prospective study
of AMI; RCT, randomized controlled trial; AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; AUC, area under the curve; ACS, cute coronary syndrome; ClCr, creatinine clearance; VF, ventricu-
lar fibrillation; VT, ventricular tachycardia; CABG, coronary artery bypass graft; CHF, chronic heart failure; LVEF, left ventricular ejection fraction.
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going PCI, including mostly elective procedures [41,45,46]. For
instance, the DAPT score was developed, by using data from the
DAPT trial, to determine the net clinical benefit of extending dual
APT from twelve to thirty months after coronary stenting in 9961
patients, 74% of whom underwent elective PCI [45]. Thirty-seven
candidate variables were considered with eight included in the
final model. In the validation cohort, the c-statistic was 0.64 for
ischemia and 0.64 for bleeding. The Patterns of Non-Adherence to
AntiPlatelet Regimen in Stented Patients (PARIS) score, derived
from a prospective observational registry, had a model discrimina-
tion for ischemia (c-statistic 0.65) and bleeding (c-statistic 0.64)
events comparable to that of the DAPT score [46]. These scores
certainly represent a step forward for identification of patients at
high-risk for ischemic recurrences after coronary stent implanta-
tion. However, some aspects of the studies from which these scores
were derived, do not make them fully suitable for the real-world
AMI patient. They include patient selection criteria, the predomi-
nant dual APT used in trials (mainly aspirin and clopidogrel), and
the lack of a specific focus on AMI patients, regardless of PCI.
Furthermore, the reproducibility of these scores in different coun-
tries remains unclear. Indeed, it was recently reported a poor dis-
crimination for ischemic risk of the DAPT score (c-statistic 0.54)
when applied to a large population of Swedish patients, suggesting
that risk scores might not be generalizable to all real-world popu-
lations [47].

The PEGASUS-TIMI 54 trial was the first study that prospec-
tively addressed the issue of prolonged dual APT in AMI patients
only. However, when the PEGASUS-TIMI 54 inclusion criteria are
strictly applied to everyday clinical practice, more than 80% of all
AMI patients result to be at high ischemic risk, and should be con-
sidered eligible for a prolonged dual APT [48,49]. Thus, a further
risk stratification should be made in order to identify those AMI
patients who may benefit the most from such a therapeutic strate-
gy. To this regard, we recently developed and validated a risk
score, ranging from zero to thirteen (Table 2), for ischemic risk
prediction in AMI patients, based on the PEGASUS-TIMI 54 cri-
teria [34]. Our score showed a good discrimination accuracy in two
independent AMI cohorts (c-statistics 0.70 and 0.68, respectively).
Of note, patients with a score above the identified cut-off value
(≥6) had an absolute increase in 1-year death and non-fatal AMI
risk that was 3-4 times higher than that of patients with a score
below this threshold. Moreover, in our validation cohort, ischemic
events went on occurring for several years after the qualifying
AMI, without any signal of risk reduction (Figure 1). Again, this
was particularly true in high-risk patients. Indeed, almost 50% of
patients with a score above the cut-off experienced death or recur-
rent non-fatal AMI at a median 4-year follow-up. These findings

were expected, as they confirm the relevance of risk factors con-
sidered in the PEGASUS-TIMI 54 trial and known to be associated
with recurrent ischemic events, and they emphasize their inde-
pendent and synergistic prognostic value [1-7]. In agreement with
our results, among 1,592 consecutive patients with acute coronary
syndromes treated with PCI and enrolled in the Responsiveness to
Clopidogrel and Stent Thrombosis 2-ACS (RECLOSE 2-ACS)
study [48] the odds ratios associated to each PEGASUS-TIMI 54
criterion for adverse clinical events occurring one to four years
after the index event were similar and around two. Moreover, the
ischemic risk progressively rose in parallel with the increase of
risk factor number, with each additional variable being associated
with a 66% relative risk increase at long-term follow-up. Thus,
although the potential clinical benefit of a prolonged dual APT was
not tested in our study population, such therapy may be particular-
ly attractive in AMI patients with heightened ischemic risk that,
based on our simple score, can be easily identified before hospital
discharge.

Since ischemic and bleeding events share similar risk factors,
the benefit on ischemic recurrences of prolonged dual APT after
AMI should be carefully balanced against its coupled bleeding risk.
In patients at high ischemic risk, a greater absolute risk reduction in
cardiovascular events, when compared to the bleeding risk increase,
associated with prolonged dual APT may be anticipated. Indeed, in
our study, major bleeding event rates during the first year after AMI,
when most patients were treated with dual APT, were very low and
similar in high- and low-risk groups, supporting a net clinical benefit
in patients at high-risk for ischemic recurrences. Interestingly, in the
PEGASUS-TIMI 54 trial, extending dual APT for eighteen to thirty-
six months beyond the recommended duration of one year yielded a
1-3% decrease in ischemic events (spontaneous AMI, stent thrombo-
sis, or stroke) at the cost of a 1% increase in bleeding events among
AMI patients [18]. However, this apparent neutral net clinical bene-
fit associated with dual APT should not be misinterpreted. For exam-
ple, by applying a similar hypothetical ischemic advantage and
bleeding drawback to our study population [34], a 30% relative
reduction in ischemic events in the first year of therapy and an equal
30% increase in major bleeding events would result in an absolute
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Table 2. A new risk score for ischemic risk prediction in AMI
patients by using the PEGASUS-TIMI 54 criteria. Adapted from
Cosentino et al. [34] Int J Cardiol 2019;278:1-6, with permission.

                                                           Points

Age >65 years                                                         2
eGFR <60 ml/min/1.73m2                                     2
Prior AMI                                                                 4
Multi-vessel CAD                                                   3
Diabetes mellitus                                                  2
Maximum score                                                    13
AMI, acute myocardial infarction; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate.

Figure 1. Hazard ratios (HR) and 95% confidence intervals (CI)
for mortality and recurrent non-fatal acute myocardial infarction
associated with a risk score ≥6 at every following year after the
index event. The risk score refers to the study by Cosentino et al.
[34] Int J Cardiol 2019;278:1-6, with permission.
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reduction of 45 ischemic events (from 151 to 106) and an increase
of only 1 (from 3 to 4) in major bleeding events (number needed to
treat 48 patients and number needed to harm 2170 patients).
Therefore, when the effects of a therapy are considered in terms of
absolute rather than relative numbers, the net clinical impact can be
better appreciated.

Recently, there has been a growing interest in prolonged ther-
apy with novel anticoagulant agents in conjunction with APT to
improve outcomes in post-AMI patients. Again, the inherent bene-
fit from anticoagulant therapy has to be weighed against the
increased risk of bleeding, and achieving a suitable balance is crit-
ical in clinical practice. Some of the novel oral anticoagulants have
been assessed for secondary prevention after AMI, with promising
results [50,51]. Whether long-term anticoagulation with these
drugs, at standard or at lower dose, added to a single or dual APT
may represent a potential adjunctive treatment strategy in AMI
patients, with or without atrial fibrillation, warrants further inves-
tigation, especially in those at heightened ischemic risk.

Conclusions

Despite great advances in secondary prevention over the last
decades, patients retain a high risk of recurrent ischemic events
after AMI. Accumulating evidence shows that increased risk likely
results from a combination of individual patient characteristics that
can be early identified and incorporated into scoring systems. This
offers an opportunity to improve outcomes by using a personal-
ized, targeted approach, particularly in terms of dual APT duration.
As long as no firm conclusion on the optimal duration of dual APT
is drawn, physicians must integrate study results, guideline recom-
mendations, clinical judgment, and continuous patient assessment
in choosing the best strategy for each patient.
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