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ABSTRACT.
Introduction. The benefits of short vs. long term dual antiplatelet therapy (DAPT)
based on the 3rd generation P2Y12 antagonists prasugrel or ticagrelor, in patients with acute
coronary syndromes (ACS) treated with percutaneous coronary intervention (PCI), remain to
be clearly defined, due to current evidences limited to patients treated with clopidogrel.
Methods. All ACS patients from the registry RENAMI (REgistry of New Antiplatelets in
patients with Myocardial Infarction) undergoing PCI and treated with aspirin prasugrel or
ticagrelor were stratified according to the of DAPT time duration, i.e. shorter than 12 months
(D1-group), 12 months (D2-group) and longer than 12 months (D3-group). The three groups
were compared before and after propensity score matching. Net adverse clinical events
(NACE), defined as a combination of major adverse clinical events (MACE) plus major
bleeding complications (including all cause death, myocardial infarction (MI) and BARC 3-5
bleeding) were the primary end point, MACE (including all cause death and MI) the secondary
one. Single components of NACE and MACE were defined co-secondary end points, along
with BARC 2-5 bleeding and stent thrombosis.
Results. A total of 4’424 patients from the RENAMI registry with data about length of
DAPT available were included in the model. 985 received DAPT less than 12 months, 2’216
DAPT for 12 months, and 1’223 DAPT longer than 12 months. After propensity score
matching, 628 patients from each group were selected. At 20 months of follow up, DAPT for
12 months and DAPT for longer than 12 months significantly reduced the risk of NACE
compared to DAPT for less than 12 months (D1 11.6% vs. D2 6.7% vs. D3 7.2%, p = 0.003),
and of MACE (10% vs. 6.2% vs. 2.4%, p <0.001), mainly driven by a reduced risk of all cause
death (7.8% vs. 1.3% vs. 1.6%, p<0.001), CV death (5.1% vs 1.0% vs. 1.2%,p <0.0001) and
2

recurrent MI (8.3% vs. 5.2% vs. 3.5%, p = 0.002) despite higher risk of BARC 2-5 bleeding
(4.6% vs. 5.7% vs. 6.2%, p = 0.04) and a trend towards BARC 3-5 bleedings (2.4% vs. 3.3%
vs. 3.9% p = 0.06).
In particular, DAPT beyond 12 months reduced the risk of MACE compared to DAPT
for 12 months (6.2% vs, 2.4%, p<0.001), due to a reduced risk of MI (5.2% vs. 3.5% p =
0.016), despite a higher risk of BARC 3-5 and 2-5 bleedings (respectively 3.3% vs. 3.9% and
5.7% vs. 6.2%, all p <0.05) resulting in a not significant trend for higher NACE (6.7% vs.
7.2%, p = 0.74).
Conclusion. In unselected real world ACS patients treated with PCI, DAPT with
prasugrel or ticagrelor prolonged beyond 12 months markedly reduces fatal and non-fatal
ischemic events, offsetting the increased risk deriving from bleedings.
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INTRODUCTION
Acute coronary syndromes (ACS) remain a pivotal problem in global health (1).
Registry data shows that ACS incidence is more than 3 cases/1000/year, with in-hospital
mortality ranging from 2.4% to 14% and first-year mortality up to 30% [1-2], as a consequence
of the burden of comorbidities.
Percutaneous coronary intervention (PCI) and dual antiplatelet therapy (DAPT)
markedly improve ACS management and prognosis [4]. PCI has led to a decreasing trend in
mortality rates, thanks to the reduced symptom-to-revascularization delay, paralleled by the
technological improvement of PCI, and despite the increased clinical and angiographic
complexity of the enrolled patients [5-10].

In this scenario, the optimal DAPT time duration still represents a relevant area of
uncertainty for clinicians, with conflicting data emerging from literature. It was observed that
short DAPT time duration reduces bleeding risks, but increases the occurrence of recurrent
ischemic events, while evidence in real world ACS settings on optimal DAPT time duration
after ACS is still limited [2-16]. The ACS population, known to be at high risk of both ischemic
and bleeding events, is typically underrepresented in randomized controlled trials (RCTs) on
the topic, where less than 50% of patients with myocardial infarction, and without prespecified analysis, was enrolled [2]. To complete the picture, clopidogrel, not prasugrel nor
ticagrelor, was the drug of choice in most of these studies [16,17], against the evidence that
DAPT delivery with P2Y12 antagonists such as prasugrel and ticagrelor significantly reduced
recurrent ischemic events, compared to clopidogrel-based DAPT (despite the increased risk
of bleeding in RCTs [11,12] as well as in real world registries [13]).
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The depicted scenario suggests making binding the exploration of data reflecting real
life daily practice in ACS population. [17]
Due to lack of data in unselected ACS patients treated with different DAPT strategies
after PCI, in this study a propensity score sub-analysis of the registry RENAMI, (REgistry of
New Antiplatelets in patients with Myocardial Infarction) is carried out. The aim is the
evaluation of the impact of DAPT with different time duration in real life-ACS patients treated
with either prasugrel or ticagrelor. In particular, attention is focused on the evaluation of the
benefit-to-risk ratio of different DAPT time durations in ACS patients undergoing PCI and
stent implantation.
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METHODS.
Study population.
The study population was selected from the registry RENAMI, which extends from
2012 to 2016, and includes 12 European centers. The institutional review board of each
center approved participation in RENAMI registry.
Inclusion criteria for RENAMI were: patients with final diagnosis of non ST-segment
elevation myocardial infarction (NSTEMI)-ACS and ST-segment elevation myocardial
infarction (STEMI)-ACS, aged ≥ 18 years with an obtained informed consent (according to the
Declaration of Helsinki). No exclusion criteria were used. All patients underwent coronary
angiography for ACS and were treated with DAPT using aspirin and either ticagrelor or
prasugrel.

Clinical variables.
Clinical (i.e., burden of cardiovascular risk factors, clinical presentation) and
interventional data (i.e., access, kind of coronary disease and treatment) were collected and
supervised by a trained study coordinator in each participant center, along with outcome data.
In particular, DAPT time duration was assessed through regular clinical evaluation, and, if the
latter was missing, according to formal query to primary care physicians or to dedicated
clinical evaluation.

Cohorts of interests.
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All patients were stratified according to the effective DAPT time duration after the ACS
event, as follows: DAPT shorter than 12 months (D1-group); DAPT of 12 months (D2group); DAPT longer than 12 months (D3-group). Patients who discontinued DAPT
before 6 months were excluded from analysis.

End-point and follow-up.
Clinical assessments, ECG recordings and further instrumental evaluation (when required)
were performed periodically in every patient.
Net adverse clinical events (NACE), defined as a combination of major adverse clinical
events (MACE) plus major bleeding complications (including all cause death, myocardial
infarction (MI) and BARC 3-5 bleeding) were the primary end point. MACE (including all
cause death and MI) the secondary end point. Single components of NACE and MACE were
defined co-secondary end points, along with Bleeding Academic Research Consortium
(BARC) 2-5 bleeding and stent thrombosis [18].Subgroup analyses for NACE and MACE
were performed for gender, age older than 75 years, levels of creatinine higher than 1.5
mg/dl, and STEMI presentation. Subgroup analyses for NACE and MACE and their single
components were performed also for ticagrelor and prasugrel. In order to allow for
comparison among the three different DAPT groups, follow up was censored at 20 months.

Statistical analysis.
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The statistical analysis was performed by applying SPSS 24.0, R 3.2.2, and STATA
13.0 softwares. Continuous variables were compared applying thet test. Categorical data
were tested applying the chi-square test.
Triplets of propensity matched patients were obtained by a three steps procedure, as
reported elsewhere (19). Due to the lack of randomization, a three-steps procedure was
applied: (1) for each patient, a propensity score (PS) was generated from a multivariable
logistic regression model based on (i) pre-treatment covariates as independent variables and
(ii) 12 months vs. shorter than 12 months (D2- vs. D1-group) DAPT as binary dependent
variable; (2) a second PS was generated for each patient from a multivariable logistic
regression model based on (i) pre-treatment covariates as independent variables and (ii) 12
months vs. longer than 12 months (D2- vs. D3-group) DAPT as binary dependent variable; (3)
a a filtering strategy was applied to include into the analysis only those patients with 12
months DAPT who were successfully matched into both a shorter than (D3-group), and longer
than 12 months (D3-group) DAPT, thus resulting in a matched triplets.
The quality of the matching was assessed by comparing the selected pre-treatment
variables in PS–matched cohort of patients in terms of standardized mean difference (SMD),
where an absolute standardized difference greater than 20% is considered as representative
of covariate imbalance.
Multivariable linear regression was used to model each outcome within the PSmatched cohort of patients. Any of the aforementioned covariables, that were considered
univariate significant at the 0.05 significance level, were included in the multivariable models.
A sensitivity analysis was carried out to assess the robustness of the proposed primary
analysis method. This was done by applying the Cox proportional hazards regression, in
8

order to assess the effect that long vs. short DAPT on NACE with variables significantly
different at univariate analysis. In the Cox regression, odd (OR) ratios and 95% confidence
intervals (CI) were calculated to ascertain the significance of the differences.
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RESULTS.
Overall population.
A total of 4’424 patients from RENAMI with available data on DAPT time duration were
included in the model. Of them, 985 patients were discharged with a DAPT regimen shorter
than 12 months, 2’216 with a DAPT of 12 months, and 1’223 with a DAPT longer than 12
months. At baseline, cardiovascular risk factors were more relevant in patients discharged
with 12 months or longer DAPT time duration of, STEMI being the most frequent clinical
presentation. Patients discharged with DAPT time duration longer than 12 months presented
with a more complex coronary artery disease (more frequent involvement of the left main
coronary artery and multivessel disease), without difference in treatment. Exhaustive details
depicting the situation at baseline can be found in the Appendix (web only Table 1). After
18.2±3.4 months of follow up, NACE and MACE were more frequent in patients discharged
with shorter DAPT, being mainly driven by a reduction in all cause death and recurrent
myocardial infarction as well as with a higher risk of BARC 3-5 and BARC 2-5 bleeding (see
appendix, web only table 2).
Propensity score
After propensity score with matching, 628 patients of each group were selected.
(Figure 1). Median time of DAPT was 6.2 months (5.8-6.4) in the first group and 18.1 (14.320.2) in the last group. Cardiovascular risk factors did not differ. Diabetes mellitus was
reported in 20.4% vs. 23.4% vs. 28.0% respectively in patients with DAPT<12 months, of 12
and > 12 months. (p = 0.69). In the three groups, 62.4%, 61.0% and 58.0% of the patients,
respectively had been admitted with STEMI (p = 0.89; Table 1). About half of them presented
with multivessel disease which was managed with complete revascularization in 43.0%,
46.2% and 41.1%, respectively (p = 0.26; Table 1). All patients were discharged with aspirin,
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while in the three DAPT duration groups 41.3%, 45.7% and 51.4% received prasugrel and
58.7%, 54.3% and 48.6% ticagrelor (p = 0.87 and p = 0.91, respectively).
After 20 months (range: 18-24 months), DAPT for 12 months and DAPT longer than 12
months significantly reduced the risk of NACE compared to DAPT of less than 12 months (D1
11.6%, D2 6.7% and D3 7.2%, p = 0.003), and of MACE (10%, 6.2% and 2.4%, p <0.001),
mainly driven by a reduced risk of death (7.8%, 1.3% and 1.6%, p<0.001), of CV death (5.1%,
1.0% and 1.2%, p <0.0001) and of recurrent MI (8.3%, 5.2% and 3.5%, p = 0.002). BARC 2-5
bleedings were increased (4.6%, 5.7% and 6.2%, p = 0.04) with a trend towards an increase
of BARC 3-5 bleeding (2.4%, 3.3% and 3.9%, p = 0.06). Moreover, longer DAPT reduced the
risk of stent thrombosis (2.7%, 0.6% and 1.4%, p = 0.01; Figure 2).
DAPT beyond 12 months reduced the risk of MACE compared to DAPT for 12 months
(6.2% vs, 2.4%, p<0.001), due to a reduced risk of MI (5.2% vs. 3.5%, p = 0.016), albeit with
a higher risk of BARC 3-5 and 2-5 bleedings (3.3%, 3.9% and 5.7% vs. 6.2%, respectively; all
p<0.05) resulting in a non significant trend for higher NACE (6.7% vs. 7.2%, p = 0.74).
Subgroup Analysis
Subgroup analysis confirmed similar trends in STEMI and NSTEMI-ACS patients, and
in those with reduced or preserved renal function (i.e. with creatinine concentration lower or
higher than 2.5 mg/dl, respectively). The observed clinical benefit on patients administered
with DAPT time duration longer than 12 months was found to be attenuated in females and in
patients older than 75 years (Figures 3 and 4). Regarding use of prasugrel and ticagrelor, the
trend for benefit of longer DAPT time duration was confirmed for both these drugs, as
extensively proved in the appendix (web only Figures 1 and 2).
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Cox multivariate analysis revealed that DAPT for 12 months and beyond 12 months
reduced the risk of NACE compared to a shorter DAPT duration (OR 0.59, 95%CI 0.39-0.91,
p <0.001 and OR 0.23, 95%CI 0.15-0.33, p <0.001 , respectively), independently of clinical
and procedural features (see appendix, Table 4).
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DISCUSSION.
This study does represent the first attempt to explore the impact of different DAPT time
duration procedures on ACS patients treated with prasugrel or ticagrelor and coronary
revascularization . In detail, shorter than, equal to, and longer than 12 months time duration
for therapy were investigated using the RENAMI dataset.
The main findings of the study are: (1) DAPT time duration longer than 12 months, with
aspirin and either the new P2Y12 antagonist prasugrel or ticagrelor, reduces the incidence of
MACE with a slight increase in bleedings, resulting in (i) an overall significant reduction of
NACE when compared to DAPT time duration shorter than 12, and (ii) a not statistically
significant increase of NACE compared to DAPT time duration equal to 12 months; (2) the
main part of the observed benefits in the D3-group can be explained in terms of a reduction in
recurrent acute MI; (3) the observed favorable effect in terms of reduced MACE associated
with longer DAFT time duration appears to be less evident in females and older patients.
Based on our findings, a DAPT time duration shorter than 12 months does not appear
to be appropriate in the setting of a real life ACS population treated with novel P2Y12
inhibitors. The ESC guidelines on stable coronary artery disease recommend at least 6
months of DAPT time duration after PCI and even suggests to consider a shorter duration of 3
months in patients at high bleeding risk [20,21]. However, only few data are available on
appropriate DAPT time duration in the higher risk ACS population, especially in relation to the
newest generation of drug-eluting stents (DES) and to use of ticagrelor or prasugrel. In the
LEADERS FREE trial [22], patients at very high bleeding risk with an indication for PCI were
safely treated with only one month of DAPT time duration after polymer-free DES
implantation. However ACS patients, particularly those admitted for STEMI, as well as those
with complex coronary lesions, were poorly represented in that study [22]. In a network meta
13

analysis, Palmerini et al. reported that in patients admitted for ACS a DAPT time duration
shorter than 3 months favors ischemic events (such as acute MI or stent thrombosis) [23].
However, in the population enrolled in the study by Palmerini et al. [23], derived from
randomized controlled trials, unstable angina (UA) was the prevalent diagnosis and
clopidogrel was the second antiplatelet agent of choice. The findings of the present study
suggest that and in a higher risk real world population with ACS, even with newer P2Y12
inhibitors, a longer DAPT time duration of at least 12 months is considerably more appropriate
than a shorter one in terms of NACE, with a clear reduction of MACE (i.e. death, recurrent MI
and stent thrombosis), without a significant concomitant increase in major bleeding.
Of note, patients presenting with ACS have an increased risk of ischemic events,
including stent thrombosis as well as MI not related to the stented segment, that lasts beyond
the first year from the index event [16,24]. Indeed, a large body of literature suggests that
prolonged DAPT beyond the first year after an ACS results in a reduced incidence of MACE
[16, 24-27]. In particular, Bonaca et. al [25] recently demonstrated reduced ischemic events,
extending DAPT with ticagrelor, in patients with recent acute myocardial infaction (AMI) and
high ischemic risk profile. A concomitant, inevitable slight increase in major bleedings was
also observed, even if without fatal or intracranial risk increments [25]. On the other hand,
only TRILOGY-ACS trial [26] tested DAPT procedures longer than 12 months using prasugrel
vs. clopidogrel, including patients with a NSTE-ACS not treated with percutaneous
revascularization. Even if the primary outcome was reported to be independent of the drug
administrated, a diverging trend favoring prasugrel emerged after the first 12 months of
DAPT. In this study we confirm such a protective effect of prolonged DAPT time duration in a
real world population using new P2Y12 inhibitors. Indeed, we observed a significant reduction
in ischemic events, predominantly in terms of recurrent MI. On the other hand, such a benefit
14

should be balanced against a concomitant increase in bleeding events, particularly major
ones which inevitably are associated with a higher morbidity and mortality [27,28]. However,
in this study only a marginal increase in the incidence of major bleedings was observed, with
a DAPT duration prolonged beyond 12 months (3.9% for the D3-group, against 3.3% for the
D2-group, in terms of BARC 3-5 bleeding), suggesting that when clinically and technically
indicated, a strategy of prolonged DAPT time duration can be selected for this patient
population.
In this context, different risk scores have been proposed to identify patients at
increased risk of ischemic events with an acceptable bleeding risk. The American College of
Cardiology/American Heart Association guidelines suggest using the “DAPT Score” for
decision making [29,30]. Among the proposed indicators, presentation with an acute MI, as
well as a history of MI are considered as risk factor for recurrent ischemic events. Those
patients with a score equal or higher than 2 are considered candidates for prolonged DAPT
time duration, without a risk for increased major bleedings events. However, this score has
not yet been convincingly validated in ACS patients with use of newer generation DES and
with newer antiplatelet agents such as prasugrel or ticagrelor [12]. Alternatively, Costa and
colleagues [30] have proposed the “PRECISE-DAPT” score. It is a simple 5-items tool to
select the optimal DAPT duration after PCI. Using this tool, low score patients present a net
clinical advantage from prolonged DAPT time duration, while with high score patients seem to
benefit more from a shorter DAPT time duration. The authors conjecture that by integrating
tools proposed in refs [29,30], and by considering individual clinical and procedural data, a a
more clear assessment of the risk-benefit ratio of a prolonged DAPT time duration is feasible.
Finally, here a reduced benefit of prolonged DAPT beyond 12 months in patients older
than 75 years and in females was observed. With ageing of general population, more
15

complex, poly-comorbid and frail patients present with an ACS. An important extracardiovascular burden of disease is probably the main determinant for the worse prognosis of
these sub-populations [3,19]. Furthermore, older patients are more likely to present with
impaired renal function and a general predisposition for peri-procedural and post-procedural
bleedings [31]. For these reasons, the possible ischemic benefit of a longer DAPT time
duration is in this setting overruled by the harm, in term of major bleeding leading to an
increased mortality. Importantly, women are often underrepresented in RCTs [32] and they
tend to be less frequently treated with novel P2Y12 Inhibitors in real life registries [33], so that
no solid data are available on this sub-population. Although there are conflicting data, some
studies suggest a higher platelet reactivity in women [34,35], considering that no clear clinical
implication has yet been demonstrated for this pharmacokinetic observation [36]. However, in
a recently published meta-analysis of RCTs on new antiplatelet therapies no significant
difference in terms of MACE was observed between males and females with CAD [37]. On
the other hand, some reports suggest that compared to males, females are at increased risk
of bleeding after ACS when treated with potent P2Y12 Inhibitors [38]. A possible explanation
for this is the higher drug exposure, due to females BMI and creatinine clearance, lower than
males. Therefore, prolonged DAPT in females seems to be associated with increased NACE,
but larger sample size is required to confirm this hypothesis.
Here the trend for benefit of longer DAPT time duration was confirmed for both
prasugrel and ticagrelor, despite a higher rate of events with the latter. This is probably due to
the fact that prasugrel is not administered to older patients, in patients with extreme low
weight and in patients with a history of stroke. In RENAMI, ticagrelor-administered patients
are more numerous than prasugrel-administered patients in sub-groups (1) older than 75
years (12.2% vs. 6.4%; p 0.001),, (2) with weight inferior to 60 kg (6.0% vs. 3.3%; p 0.008),
16

and (3) with a history of stroke (2.4% vs. 1.9%; p 0.45). All these factors, increasing the risk of
bleeding and of ischemic events, arethe reason of the augmented rate of events in the
ticagrelor group.

LIMITATIONS.
Several limitations could weaken the findings of this study. First of all, this is not a randomized
controlled trial. As a consequence, and despite proper propensity score matching (AUC 0.78)
and discrimination (p = 0.67, Hosmer-Lermeshow test) bias by indication cannot be truly
excluded. Another possible limitation lies in the fact that this study is built on differences
observed in follow ups in 12 participating centers, in the absence of a central adjudication.
Moreover, there is paucity, in provided data, of information related to interruptions and
disruptions, which accounted for 3% and 2% of patients, respectively, uniformly
distributed among the three groups. Lastly, being this study based on effective DAPT time
duration, it might suffer from biases related to events occurring after discharge.

CONCLUSION.
In a real-life registry of ACS patients treated with percutaneous coronary revascularization
and matched with propensity, DAPT with prasugrel or ticagrelor longer than 12 months was
beneficial in terms of reduction of ischemic events with a concomitant increased risk of
bleeding, albeit predominantly minor ones. These findings should be confirmed in randomized
controlled trials.
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