
R E S E A R C H Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need 
to obtain permission directly from the copyright holder. To view a copy of this licence, visit  http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Ariza-Solé et al. Thrombosis Journal           (2023) 21:32 
https://doi.org/10.1186/s12959-023-00476-5

Thrombosis Journal

*Correspondence:
Albert Ariza-Solé
aariza@bellvitgehospital.cat

Full list of author information is available at the end of the article

Abstract
Background Current guidelines recommend extending the use of dual antiplatelet therapy (DAPT) beyond 1 year in 
patients with an acute coronary syndrome (ACS) and a high risk of ischaemia and low risk of bleeding. No data exist 
about the implementation of this strategy in older adults from routine clinical practice.

Methods We conducted a Spanish multicentre, retrospective, observational registry-based study that included 
patients with ACS but no thrombotic or bleeding events during the first year of DAPT after discharge and no 
indication for oral anticoagulants. High bleeding risk was defined according to the Academic Research Consortium 
definition. We assessed the proportion of cases of extended DAPT among patients 65 ≥ years that went beyond 1 year 
after hospitalisation for ACS and the variables associated with the strategy.

Results We found that 48.1% (928/1,928) of patients were aged ≥ 65 years. DAPT was continued beyond 1 year in 
32.1% (298/928) of patients ≥ 65; which was a similar proportion as with their younger counterparts. There was no 
significant correlation between a high bleeding risk and DAPT duration. Contrastingly, there was a strong correlation 
between the extent of coronary disease and DAPT duration (p < 0.001). Other variables associated with extended 
DAPT were a higher left ventricle ejection fraction, a history of heart failure and a prior stent thrombosis.

Conclusion There was no correlation between age and extended use of DAPT beyond 1 year in older patients with 
ACS. DAPT was extended in about one-third of patients ≥ 65 years. The severity of the coronary disease, prior heart 
failure, left ventricle ejection fraction and prior stent thrombosis all correlated with extended DAPT.
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Introduction
Dual antiplatelet therapy (DAPT) is one of the main 
therapeutic tools used in patients with an acute coronary 
syndrome (ACS) undergoing percutaneous coronary 
intervention (PCI). Based on the results of the DAPT [1] 
and PEGASUS TIMI 542 trials, current guidelines recom-
mend extending DAPT beyond 1 year for ACS patients 
with a high ischaemic risk and without a high bleeding 
risk [2]. There is scant information in the literature about 
the recommendation’s applicability to routine clini-
cal practice. The DAISY registry [3] recently assessed a 
series of 1,967 patients who were free from any throm-
botic or bleeding events 1 year after discharge for an 
ACS admission. DAPT was continued beyond 1 year in 
approximately one-third of potential candidates. Predic-
tors of DAPT prolongation were a history of PCI, stent 
thrombosis, coronary artery disease (CAD) complexity, 
reinfarction and clopidogrel use.

The progressive ageing of Western populations and the 
greater incidence of ACS among older patients are driv-
ing a significant increase in the number of older adults 
admitted with a diagnosis of ACS [4]. These patients have 
a higher risk of bleeding and thrombotic events [5] and 
are often excluded from clinical trials [6]. Most elderly 
patients are managed conservatively in routine clinical 
practice because of the risk of bleeding [7]. In this con-
text, clopidogrel is generally prescribed in preference to 
ticagrelor or prasugrel [8]. There are no data available 
about the real-world implementation of extended DAPT 
strategies, and their associated predictors, in older adults 
with ACS.

The aim of this cohort study based on the DAISY data-
base was to assess the proportion of potential candi-
dates ≥ 65 years who received extended DAPT (i.e., for 
more than 1 year) and identify the variables associated 
with extended treatment.

Methods
The DAISY registry [3] was a multicentre retrospective 
study conducted at 10 Spanish centres between Janu-
ary 2017 and December 2018 that enrolled consecutive 
patients with ACS surviving to hospital discharge who 
were free from ischaemic or bleeding events through-
out the first year after being discharged. This study was 
endorsed by the Geriatric Cardiology Section and the 
Association of Ischaemic Heart Disease and Acute Car-
diac Care of the Spanish Society of Cardiology. A detailed 
description of the study design has been published previ-
ously [3]. The main aim of this subanalysis was to assess 
the clinical characteristics, management and variables 
associated with extended DAPT (i.e., for more than 1 
year) among patients ≥ 65 years in the DAISY registry.

Population
The DAISY registry included patients who were can-
didates for DAPT prolongation 1 year after hospitalisa-
tion for ACS. Specifically, the inclusion criteria were: 
(a) obstructive coronary artery disease (defined as 50% 
stenosis of the left main coronary artery or 70% in other 
arteries) diagnosed by coronary angiography; (b) PCI 
performance at admission; (c) DAPT at discharge; and 
(d) survival 1 year after discharge. The exclusion criteria 
were: (a) indication for oral anticoagulants at discharge 
or within the first year; and (b) any ischaemic or bleeding 
events or the need for a blood transfusion within 1 year 
after being discharged. For the purpose of this subanaly-
sis, we focused on patients aged ≥ 65 years.

Data collection and definitions
Data was collected by trained, local investigators using 
standardised electronic forms. Demographic, clini-
cal, laboratory and echocardiographic data, the sever-
ity and extent of the coronary disease, and treatment at 
discharge were recorded for each patient. A CAD exten-
sion variable was calculated based on the presence of 
significant stenosis in the left main coronary and proxi-
mal left anterior descending arteries and whether the 
patient had multivessel disease (at least two coronary ter-
ritories); each variable was assigned one point. The cri-
teria applied in the PEGASUS clinical trial [9] were also 
assessed for each patient (> 65 years, second infarction, 
diabetes, multivessel disease or kidney failure). A high 
bleeding risk was defined as the presence of at least one 
major high-risk criterion or two minor criteria according 
to the Academic Research Consortium (ARC-HBR) [2]. 
The moment of DAPT discontinuation was recorded if 
it occurred within the maximum follow-up available for 
each patient.

Clinical outcomes
The main outcome measured was discontinuation of 
DAPT 1 year after admission for ACS. Given that medi-
cal visits are not always at exactly 12 months in routine 
clinical practice, DAPT discontinuation was considered 
at 1 year if the treatment was stopped within 14 months 
(425 days). Clinical follow-up was performed by review-
ing the subjects’ medical records.

Ethics
This observational study was performed in accordance 
with the ethical principles set out in the Declaration of 
Helsinki. Confidential patient information was pro-
tected according to national regulations. The proto-
col was revised and approved by the Clinical Research 
Ethics Committee of Bellvitge University Hospital 
(IRB00005523).
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Statistical analysis
The normal distribution of variables was analysed 
using the Shapiro–Wilk test. Quantitative variables are 
expressed as means and standard deviation. Non-nor-
mally distributed variables are expressed as medians and 
interquartile ranges. Categorical variables are expressed 
as numbers and percentages.

Baseline characteristics and clinical management were 
compared across age groups (< 65 vs. ≥ 65 years). The 
association between categorical variables was analysed 
with the chi-square test, applying a continuity correction 
factor when indicated. We used Student’s t-test to com-
pare the quantitative variables according to the two age 
categories. We also compared three different elderly sub-
groups with patients aged 65–75, 75–85 and > 85 years, 
using an ANOVA test to compare the quantitative vari-
ables for the four age categories.

Variables associated with 1year DAPT discontinuation 
among patients aged ≥ 65 were assessed through a binary 
logistic regression model. Those variables that showed an 
association with extended DAPT (p < 0.2) in the univari-
ate analysis were included in the multivariate analysis. 
Results are expressed as odds ratio, 95% confidence inter-
vals and p-values. Analyses were performed with the aid 
of SPSS Statistics, Version 21 (SPSS Inc., USA).

Results
We determined that 48.1% (928/1,928) of all patients who 
received DAPT for more than 1 year were ≥ 65 years. 
There were more females than males among the older 
adults and they had a higher prevalence of comorbidi-
ties, such as hypertension, diabetes, prior stroke, periph-
eral artery disease and prior heart failure (p < 0.001 for all 
comparisons, see Table 1). This group also had a higher 
proportion of prior neoplasms or bleeding events, more 
PEGASUS criteria and a higher bleeding risk according 
to ARC criteria. Furthermore, patients ≥ 65 years had a 
higher overall risk profile, with a greater proportion of 
Killip class ≥ II at admission, poorer renal function, more 
extensive and complex CAD, and a lower probability of 
undergoing complete revascularisation (Table 1).

Although ticagrelor was the most prescribed P2Y12 
inhibitor at discharge in both groups, the proportion was 
significantly lower among patients ≥ 65 years (50.5% vs. 
66%, p < 0.001, Table 1). There were no significant differ-
ences regarding extended DAPT (beyond 1 year) between 
the two groups (32.1% among those ≥ 65 vs. 31.7% for 
subjects < 65, p = 0.201, Table  1). Overall, the length of 
DAPT was similar regardless of age (p = 0.672, Fig. 1).

Clinical characteristics associated with extended DAPT
There was a significant correlation between extended 
DAPT and higher rates of dyslipidaemia, diabetes and 
prior heart failure, PCI or stent thrombosis. The most 

significant correlations were observed for prior heart 
failure, prior stent thrombosis and CAD complexity 
(p < 0.001 in all cases, Table 2). No significant differences 
were observed regarding age, gender and number of 
underlying comorbidities (Table 2).

Duration of DAPT depending on antiplatelet therapy at 
discharge, bleeding risk and extent of coronary disease
The most prescribed P2Y12 at discharge for patients ≥ 65 
was ticagrelor (50.5%), followed by clopidogrel (43.2%). 
There was no significant relationship between the P2Y12 
inhibitor prescribed at discharge and DAPT duration.

Most patients aged ≥ 65 had a high bleeding risk 
(55.6%). However, there was no signification correlation 
between ARC-HBR score and DAPT duration (p = 0.239, 
Table  2). The proportion of patients requiring extended 
DAPT (beyond 1 year) progressively increased along with 
the severity of coronary artery disease (CAD) (p < 0.001, 
Fig. 2).

Independent variables associated with extended DAPT
The severity of CAD showed the strongest association 
with extended DAPT (p < 0.001, Table 2). The other vari-
ables showing an independent association with extended 
DAPT in the final model were a left ventricle ejection 
fraction (p = 0.002), prior heart failure (p = 0.002) and 
prior stent thrombosis (p = 0.006) (Table 2).

Age subgroups among patients ≥ 65 years
An additional analysis was conducted among 
patients ≥ 65 years by comparing three different sub-
groups (65–75, 75–85 and > 85 years). We evidenced 
a significant linear trend between increasing age sub-
groups and a lower proportion of males and higher 
rates of hypertension and prior stroke (Supplementary 
Table  1). Similarly, older patients had a progressively 
higher number of PEGASUS criteria, greater bleeding 
risk, poorer renal function, more complex and extensive 
CAD, higher proportion of Killip class ≥ II at admission, 
and poorer left ventricle ejection fraction. Patients from 
the oldest groups were mostly treated with clopidogrel 
and less likely to receive ticagrelor, but there were no sig-
nificant differences regarding the proportion of patients 
who required extended DAPT. (Supplementary Table 1). 
Overall, we did not find any significant differences in 
terms of DAPT duration across the elderly subgroups 
(p = 0.879, Supplementary Fig. 1).

Discussion
The main findings of our study are: (a) in this Spanish ret-
rospective cohort study, the use of DAPT was extended 
beyond 1 year after admission in roughly one-third of 
ACS patients ≥ 65 years; (b) there was no significant cor-
relation between age and need for extended DAPT in this 
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age range; (c) most patients ≥ 65 years had a high bleeding 
risk according to ARC criteria, but this did not correlate 
to DAPT duration; and (d) independent variables associ-
ated with extended DAPT among patients aged ≥ 65 were 
the severity of CAD, a history of prior heart failure, left 
ventricle ejection fraction and prior stent thrombosis.

The DAPT trial [1] reported a reduced rate of isch-
aemic events in patients whose DAPT was extended 
beyond 1 year after PCI compared to when it was dis-
continued at 12 months. The PEGASUS-TIMI 54 study 
[9] randomised patients with prior myocardial infarction 

and at least one other risk factor to aspirin or aspirin 
plus ticagrelor at doses of 60 mg or 90 mg once daily. The 
authors observed a significant reduction in the risk of 
ischaemic events for the patients given ticagrelor. Based 
on the results of these two trials, current guidelines [2] 
recommend extending DAPT beyond 1 year in patients 
with a high risk of ischaemic events and no significant 
risk of major bleeding. However, there is very little infor-
mation about the implementation of this strategy in rou-
tine clinical practice, especially in older patients. This is 
important because older patients pose a higher risk for 

Table 1 Clinical characteristics and management by age
Variable Whole series

(n = 1,928)
Patients aged ≥ 65
(n = 928)

Patients aged < 65
(n = 1,000)

p-value 
(≥ 65 vs. 
< 65)

Age (years) 64.5 (13) 75.7 (7) 54.1 (7) < 0.001

Male 1509 (78.3) 649 (69.9) 860 (86) < 0.001

Hypertension 1113 (57.9) 657 (70.8) 456 (45.6) < 0.001

Diabetes 526 (27.4) 332 (35.8) 194 (19.4) < 0.001

Dyslipidaemia 1055 (54.8) 539 (58.1) 516 (51.6) 0.004

Active smoker 736 (38.3) 149 (16.1) 587 (58.7) < 0.001

Peripheral artery disease 148 (7.7) 103 (11.1) 45 (4.5) < 0.001

Prior stroke 89 (4.7) 66 (7.1) 23 (2.3) < 0.001

Prior MIa 915 (47.5) 453 (48.8) 462 (46.2) 0.251

Prior PCIb 273 (14.2) 173 (18.6) 100 (10) < 0.001

Prior stent thrombosis 33 (1.7) 18 (1.9) 15 (1.5) 0.457

Prior heart failure 49 (2.6) 39 (4.2) 10 (1) < 0.001

Prior bleeding event 31 (1.6) 21 (2.3) 10 (1) 0.028

Active neoplasm 61 (3.2) 50 (5.4) 11 (1.1) < 0.001

Total PEGASUS criteria 1.9 (1) 2.7 (1) 1.1 (1) < 0.001

High bleeding risk criteria (%) 708 (36.7) 516 (55.6) 192 (19.2) < 0.001

Creatinine clearance (mL/min) 88 (38) 67 (25) 110 (37) < 0.001

Clinical presentation ACSc < 0.001

• Unstable angina 244 (12.7) 156 (16.8) 88 (8.8)

• NSTEMId 728 (38) 378 (40.7) 350 (35)

• STEMIe 946 (49.3) 388 (41.8) 558 (55.8)

Killip class on admission ≥ II 224 (11.7) 136 (14.7) 88 (8.8) < 0.001

Left main or multivessel disease 1280 (66.5) 676 (72.8) 604 (60.4) < 0.001

Number of stents 1.5 (1.3) 1.5 (1) 1.4 (1) 0.071

Total length stents (mm) 30.2 (20) 30.7 (20) 29.9 (19) 0.372

Complete revascularization 417 (21.9) 228 (24.6) 189 (18.9) 0.002

Left ventricle ejection fraction (%) 55 (10) 55 (10) 55 (10) 0.872

In-hospital reinfarction 21 (1.1) 8 (0.9) 13 (1.3) 0.355

In-hospital bleeding 22 (1.1) 12 (1.3) 10 (1) 0.545

P2Y12 inhibitor at discharge < 0.001

Clopidogrel 577 (30.1) 401 (43.2) 176 (17.6)

Prasugrel 212 (11.1) 54 (5.8) 158 (15.8)

Ticagrelor 1129 (58.9) 469 (50.5) 660 (66)

DAPTf discontinuatiom 0.201

• Before one year 130 (6.7) 72 (7.7) 58 (5.8)

• At one year 1183 (61.4) 558 (60.1) 625 (62.5)

• Beyond one year 615 (31.9) 298 (32.1) 317 (31.7)
Categorical variables are expressed as n (%). Quantitative variables are expressed as mean (SD).

(a) MI: myocardial infarction; (b) PCI: percutaneous coronary intervention; (c) ACS: acute coronary syndrome; (d) NSTEMI: non-ST-segment elevation myocardial 
infarction; (e) STEMI: ST-segment elevation myocardial infarction; (f) DAPT: dual antiplatelet therapy
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bleeding [5] and ischaemic events and prolonged DAPT 
strategies in these patients may have a significantly dif-
ferent impact [10]. In addition, older patients are often 
excluded from clinical trials. Interestingly, routine clini-
cal practice suggests that patients with ACS who meet 
more PEGASUS criteria will have poorer outcomes [11].

There is still some controversy about which patients 
should receive extended DAPT in routine clinical prac-
tice and how age affects this decision. The EPICOR 
Asia study [12] included patients with NSTEMI. Most 
patients (90.8%) were receiving DAPT at discharge. At 
2-year follow-up, this proportion was 60%. Patients who 
stopped DAPT ≤ 12 months post-discharge tended to 
be older, female, have prior cardiovascular disease and 
renal dysfunction. Bardaji et al. [13] assessed a series of 
782 patients with ACS enrolled in the Spanish cohort of 
the EPICOR study. More than half the patients (53.1%) 
remained on DAPT at 2 years. Patients > 65 years with 
diabetes were more likely to continue with DAPT up to 
2 years after discharge. The PARIS [14] registry showed 
that 37.2% of patients undergoing PCI between 2009 and 
2010 were on DAPT at 2 years. In the START ANTI-
PLATELET study [14], the decision to prolong DAPT 
beyond 1 year was taken in 13% of patients with ACS. 

Variables associated with DAPT continuation were a new 
cardiovascular event after the index admission event, no 
bleeding complications and no anaemia at 1-year follow-
up; other associated variables were kidney failure and 
peripheral artery disease. Notably, the decision to extend 
DAPT did not correlate with age.

Data from our series revealed that DAPT was extended 
beyond 1 year in around one in three patients ≥ 65 years. 
The low percentage of extended DAPT in the START 
ANTIPLATELET study [15] might be because it was 
conducted before ticagrelor use was approved for more 
than 1 year after ACS in Italy. The percentage of extended 
DAPT in our study was even lower than the EPICOR 
Asia study. It is important to note that the DAISY regis-
try was the only study that excluded patients with isch-
aemic or bleeding events in the first year after discharge. 
This may change the clinical profile of patients and their 
indications for extended DAPT.

Interestingly, there was no significant correlation 
between age and DAPT extension in our study. Adher-
ence to recommendations is usually lower in these 
patients and the antithrombotic approach is conserva-
tive in most series, probably due to a higher burden of 
comorbidities [16]. Older patients treated with potent 

Fig. 1 Percentage of patients remaining on dual antiplatelet therapy by age group
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antiplatelet drugs in routine clinical practice are less frail 
and have fewer comorbidities and other geriatric syn-
dromes [17]. Current recommendations emphasise the 
need to adapt the intensity and duration of antiplatelet 
strategies to each patient’s risk profile. The American 
Geriatrics Society BEERS Criteria® recommend the care-
ful use of potent antiplatelet drugs in elderly patients 
because of the risk of bleeding [18]. In our study, as we 
only included patients with no bleeding or ischaemic 
events in the first year and no indication for oral antico-
agulation, it may result in a select series of patients with 
a lower comorbidity burden and less frailty. In fact, the 
rate of relevant comorbidities in our study sample, such 
as diabetes, stroke, kidney failure, anaemia or peripheral 
artery disease, was significantly lower compared to other 
important series of patients with ACS [19].

The EPICOR Asia study [12] included all patients 
surviving to discharge and there was a significant asso-
ciation between age and a shorter DAPT duration. By 
contrast, in the Spanish cohort of the EPICOR study 
[13], patients ≥ 65 years were more likely to still be on 
DAPT at 2 years. The lack of association between age and 
DAPT duration in the START ANTIPLATELET study 
[15] might be down to other factors, such as logistical 

or economic conditions. Globally, it remains a question 
open to assessment in larger series, as other variables 
that have not been assessed yet might play a significant 
role when deciding whether to extend DAPT.

There was no significant correlation between bleed-
ing risk and DAPT duration in the older patients from 
our series. On the other hand, there was a strong asso-
ciation between the severity of coronary disease and a 
longer DAPT strategy. The percentage of patients with 
extended DAPT increased progressively along with the 
severity of CAD. In our opinion, the fear of ischaemic 
events in patients with complex CAD [20] may be more 
important for physicians than the perceived risk of bleed-
ing when deciding the optimal antithrombotic approach 
in routine clinical practice. The association between prior 
stent thrombosis and extended DAPT also supports this 
hypothesis.

This study has certain limitations, such as its obser-
vational retrospective design. Therefore, we cannot rule 
out the presence of residual confounding. As we only 
included patients without any ischaemic or bleeding 
events in the first year after discharge, this implies a sig-
nificant selection bias. However, this selection allowed us 
to obtain a reliable picture of the current implementation 

Table 2 Variables associated with extended DAPT among patients ≥ 65 years
Univariate analysis Multivariate analysis

Variable Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
Age* 1.01 (0.99–1.03) 0.289

Male 0.87 (0.64–1.18) 0.371

Hypertension 1.36 (0.99–1.87) 0.630

Diabetes 1.22 (1.05–1.40) 0.008

Dyslipidaemia 1.41 (1.06–1.88) 0.019

Active smoker 0.95 (0.78–1.14) 0.946

Peripheral artery disease 1.43 (0.93–2.19) 0.105

Prior stroke 1.48 (0.88–2.49) 0.141

Prior MIa 0.81 (0.61–1.07) 0.140

Prior PCIb 1.81 (1.28–2.56) 0.001

Prior stent thrombosis 7.68 (2.50–23.5) < 0.001 6.45 (1.72–24.1) 0.006

Prior heart failure 3.58 (1.77–7.27) < 0.001 3.44 (1.58–7.48) 0.002

Prior bleeding event 0.58 (0.28–1.18) 0.841

Active neoplasm 0.70 (0.29–1.68) 0.129

Total PEGASUS criteria* 1.22 (1.07–1.39) 0.003

High bleeding risk criteria 1.18 (0.89–1.57) 0.239

PRECISE DAPT scoring* 1.02 (1.01–1.04) 0.023

Creatinine clearance (mL/min)* 0.99 (0.99–1.01) 0.253

Left main or multivessel disease 1.99 (1.41–2.82) < 0.001 1.95 (1.36–2.79) < 0.001

Number of stents 0.97 (0.86–1.09) 0.601

Total length of stents 1.00 (0.99–1.01) 0.290

Left ventricle ejection fraction* 1.02 (1.00-1.03) 0.054 1.03 (1.01–1.04) 0.002

Killip class at admission ≥ II 1.49 (1.02–2.20) 0.041

In-hospital reinfarction 3.55 (0.84–14.9) 0.084
(a) MI: myocardial infarction; (b) PCI: percutaneous coronary intervention

*For quantitative variables, OR reflects the increased probability of extended DAPT as follows: age: per year of increase; PEGASUS criteria: for each additional 
PEGASUS criteria; PRECISE DAPT scoring: for each integer of increase of PRECISE DAPT value: left ventricle ejection fraction: for each % of increase
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of extended DAPT among real candidates for longer 
DAPT regimens and therefore assess the real adherence 
to current recommendations. Our entire cohort was 
from a single country, so our findings should be validated 
in other geographic settings. Furthermore, the lack of 
data on clinical outcomes (cardiovascular and bleeding 
events), as well as on frailty, disability and other ageing 
related variables (which are closely related to manage-
ment [21, 22] and prognosis [23–25]) are major limi-
tations of our study. Finally, defining CAD complexity 
through a validated score might have provided additional 
information.

Nevertheless, despite these limitations, this study pro-
vides novel and relevant information about extending 
DAPT beyond 1 year in older patients with ACS and 
associated variables in routine clinical practice. Future 
studies should focus on assessing the clinical outcomes in 
function of DAPT duration in older patients with ACS. 
Improving clinical management and outcomes in these 
high risk patients could lead to significant clinical, eco-
nomic and social benefits.

Conclusion
DAPT was extended beyond 1 year after discharge for 
ACS in approximately one-third of patients aged ≥ 65 
years. There was no significant correlation between nei-
ther age nor a high bleeding risk and the need to extend 
DAPT among these patients. Contrastingly, we observed 
a strong association between extended DAPT and CAD 
severity. Other variables that correlated with extended 
DAPT were prior heart failure, left ventricle ejection 
fraction and prior stent thrombosis.
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PCI  Percutaneous coronary intervention
ROC  Receiver operating characteristic
NSTEMI  curves; non-ST-segment elevation myocardial infarction
CAD  Coronary artery disease

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12959-023-00476-5.

Supplementary Material 1

Supplementary Material 2

Fig. 2 Percentage of patients who received extended dual antiplatelet therapy according to the complexity of their coronary artery disease. Coronary 
artery disease complexity was calculated based on the presence of significant stenosis in the left main and proximal left anterior descending coronary 
arteries and whether the patient had multivessel disease (at least two coronary territories), assigning one point in each case

 

http://dx.doi.org/10.1186/s12959-023-00476-5
http://dx.doi.org/10.1186/s12959-023-00476-5


Page 8 of 9Ariza-Solé et al. Thrombosis Journal           (2023) 21:32 

Acknowledgements
The authors acknowledge the Geriatric Cardiology Section of the Spanish 
Society of Cardiology (SEC).

Author contributions
Conceptualisation: AAS, FF, PDV and CB; research: GMP, AAS, SGB, ING, CVU, 
SRR, JB, CBM, JC, AGP and JAPB; writing, original draft preparation: GMP 
and AAS; writing, review and editing: FF, CB, SRR, SGB, ING, PDV, JB, JA, MMS 
and JCC. All authors have read and agreed to the published version of the 
manuscript.

Funding
This work was supported by the “Instituto de Salud Carlos III” and “Fondos 
Europeos de Desarrollo Regional FEDER” [grant numbers JR/21/00041, 
PI20/00637 and CIBERCV16/11/00486] and by Conselleria de Educación – 
Generalitat Valenciana (PROMETEO/2021/008).

Data availability
The datasets used and/or analysed during the study are available from the 
corresponding author on reasonable request.

Declarations

Conflict of interest
None declared.

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki and 
approved by the Hospital Bellvitge de Barcelona Institutional Review Board 
(or Ethics Committee) (protocol code EPA002/20 and date of approval: 27 
February 2020).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Cardiology Department, Bioheart Grup de Malalties Cardiovasculars, 
Hospital Universitari de Bellvitge, Institut d’Investigació Biomèdica de 
Bellvitge—IDIBELL, L’Hospitalet de Llobregat, Feixa Llarga s/n. 08907, 
Barcelona, Spain
2Geriatrics Unit. Internal Medicine Department, Hospital Universitari de 
Bellvitge. L’Hospitalet de Llobregat, Barcelona, Spain
3Cardiology Department, Department of Medicine, Hospital Clínico 
Universitario de Valencia, INCLIVA Biomedical Research Institute, 
University of Valencia, Valencia, Spain
4Cardiology Department, Hospital Clínico San Carlos, Madrid, Spain
5Cardiology Department, Hospital Universitario de la Princesa, Madrid, 
Spain
6Cardiology Department, Hospital Universitari Vall d’Hebrón, Barcelona, 
Spain
7Cardiology Department, Hospital Josep Trueta, Girona, Spain
8Cardiology Department, Hospital del Mar, Barcelona, Spain
9Cardiology Department, Hospital Universitario Álvaro Cunqueiro de Vigo, 
Pontevedra, Spain
10Cardiology Department, Hospital Universitario Gregorio Marañón, 
CIBERCV. Universidad Europea. Universidad Complutense, Madrid, Spain

Received: 5 July 2022 / Accepted: 12 March 2023

References
1. Mauri L, Kereiakes DJ, Yeh RW, Driscoll-Shempp P, Cutlip DE, Steg PG, 

Normand SL, Braunwald E, Wiviott SD, Cohen DJ, Holmes DR Jr, Krucoff MW, 
Hermiller J, Dauerman HL, Simon DI, Kandzari DE, Garratt KN, Lee DP, Pow 
TK, Ver Lee P, Rinaldi MJ, Massaro JM. DAPT Study Investigators. Twelve or 30 

months of dual antiplatelet therapy after drug-eluting stents. N Engl J Med. 
2014;371:2155–66.

2. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, Dendale P, 
Dorobantu M, Edvardsen T, Folliguet T, Gale CP, Gilard M, Jobs A, Jüni P, Lam-
brinou E, Lewis BS, Mehilli J, Meliga E, Merkely B, Mueller C, Roffi M, Rutten FH, 
Sibbing D, Siontis GCM, ESC Scientific Document Group. 2020 ESC Guidelines 
for the management of acute coronary syndromes in patients presenting 
without persistent ST-segment elevation. Eur Heart J. 2021;42:1289–367.

3. Bonanad C, Raposeiras-Roubin S, García-Blas S, Núñez-Gil I, Vergara-Uzcategui 
C, Díez-Villanueva P, Bañeras J, Badía Molins C, Aboal J, Carreras J, Bodi V, Gab-
aldón-Pérez A, Mateus-Porta G, Parada Barcia JA, Martínez-Sellés M, Chorro 
FJ. Ariza-Solé A. evaluation of the use of dual antiplatelet therapy beyond the 
first year after acute coronary syndrome. J Clin Med. 2022;11:1680.

4. Dégano IR, Elosua R, Marrugat J. Epidemiology of acute coronary syndromes 
in Spain: estimation of the number of cases and trends from 2005 to 2049. 
Rev Esp Cardiol. 2013;66:472–81.

5. Garay A, Ariza-Solé A, Formiga F, Raposeiras-Roubín S, Abu-Assi E, Sánchez-
Salado JC, Lorente V, Alegre O, Henriques JPS, D’Ascenzo F, Saucedo J, 
González-Juanatey JR, Wilton SB, Kikkert WJ, Nuñez-Gil I, Song X, Alexopoulos 
D, Liebetrau C, Kawaji T, Moretti C, Huczek Z, Nie SP, Fujii T, Correia L, Kawashiri 
MA, García-Acuña JM, Southern D, Alfonso E, Terol B, Zhang D, Chen Y, 
Xanthopoulou I, Osman N, Möllmann H, Shiomi H, Giordana F, Gaita F, Kowara 
M, Filipiak K, Wang X, Yan Y, Fan JY, Ikari Y, Nakahashi T, Sakata K, Yamagishi 
M, Kalpak O, Kedev S, Cequier A. Prediction of post-discharge bleeding in 
elderly patients with acute coronary syndromes: insights from the BleeMACS 
registry. Thromb Haemost. 2018;118:929–38.

6. Krumholz HM, Gross CP, Peterson ED, Barron HV, Radford MJ, Parsons LS, 
Every NR. Is there evidence of implicit exclusion criteria for elderly subjects 
in randomized trials? Evidence from the GUSTO-1 study. Am Heart J. 
2003;146:839–47.

7. Ekerstad N, Swahn E, Janzon M, Alfredsson J, Löfmark R, Lindenberger M, 
Carlsson P. Frailty is independently associated with short-term outcomes 
for elderly patients with non-ST-segment elevation myocardial infarction. 
Circulation. 2011;124:2397–404.

8. Ruiz-Nodar JM, Esteve-Pastor MA, Rivera-Caravaca JM, Sandín M, Lozano T, 
Vicente-Ibarra N, Orenes-Piñero E, Macías MJ, Pernías V, Carrillo L, Candela E, 
Veliz A, Tello-Montoliu A, Martínez Martínez JG, Marín F. One-year efficacy and 
safety of prasugrel and ticagrelor in patients with acute coronary syndromes: 
results from a prospective and multicentre ACHILLES registry. Br J Clin Phar-
macol. 2020;86:1052–61.

9. Bonaca MP, Bhatt DL, Cohen M, Steg PG, Storey RF, Jensen EC, Magnani G, 
Bansilal S, Fish MP, Im K, Bengtsson O, Oude Ophuis T, Budaj A, Theroux P, 
Ruda M, Hamm C, Goto S, Spinar J, Nicolau JC, Kiss RG, Murphy SA, Wiviott SD, 
Held P, Braunwald E, Sabatine MS. PEGASUS-TIMI 54 Steering Committee and 
investigators. Long-term use of ticagrelor in patients with prior myocardial 
infarction. N Engl J Med. 2015;372:1791–800.

10. D’Ascenzo F, Bertaina M, Fioravanti F, Bongiovanni F, Raposeiras-Roubin S, 
Abu-Assi E, Kinnaird T, Ariza-Solé A, Manzano-Fernández S, Templin C, Velicki 
L, Xanthopoulou I, Cerrato E, Rognoni A, Boccuzzi G, Omedè P, Montabone 
A, Taha S, Durante A, Gili S, Magnani G, Autelli M, Grosso A, Blanco PF, Garay 
A, Quadri G, Varbella F, Queija BC, Paz RC, Fernández MC, Pousa IM, Gallo D, 
Morbiducci U, Dominguez-Rodriguez A, Valdés M, Cequier A, Alexopoulos 
D, Iñiguez-Romo A, Gaita F, Rinaldi M, Lüscher TF. Long versus short dual 
antiplatelet therapy in acute coronary syndrome patients treated with pra-
sugrel or ticagrelor and coronary revascularization: insights from the RENAMI 
registry. Eur J Prev Cardiol. 2020;27:696–705.

11. Sanchez F, Boasi V, Vercellino M, Tacchi C, Cannarile P, Pingelli N, Perri D, 
Gomez L, Cattunar S, Mascelli G. Risk definition and outcomes with the appli-
cation of the PEGASUS-TIMI 54 trial inclusion criteria to a “real world” STEMI 
population: results from the italian “CARDIO-STEMI SANREMO” registry. BMC 
Cardiovasc Disord. 2021;21:144.

12. Zheng B, Huo Y, Lee SW, Sawhney JPS, Kim HS, Krittayaphong R, Pocock SJ, 
Nhan VT, Alonso Garcia A, Chin CT, Jiang J, Jan S, Vega AM, Hayashi N, Ong 
TK. Long-term antithrombotic management patterns in asian patients with 
acute coronary syndrome: 2-year observations from the EPICOR Asia study. 
Clin Cardiol. 2020;43:999–1008.

13. Bardají A, Leal M, Arrarte V, Garcia-Moll X, Pérez de Isla L, Bueno H. Extended 
dual antiplatelet therapy after acute coronary syndrome in Spain: Results 
from the EPICOR study.Cardiovasc Ther. 2017;35.

14. Schoos M, Power D, Baber U, Sartori S, Claessen B, Camaj A, Steg P, Ariti 
C, Weisz G, Witzenbichler B, Henry T, Cohen D, Antoniucci D, Krucoff M, 
Hermiller J, Gibson C, Chieffo A, Moliterno D, Colombo A, Pocock S, Dangas G, 



Page 9 of 9Ariza-Solé et al. Thrombosis Journal           (2023) 21:32 

Mehran R. Patterns and impact of dual antiplatelet cessation on cardiovas-
cular risk after percutaneous coronary intervention in patients with acute 
coronary syndromes. Am J Cardiol. 2019;123:709–16.

15. Patti G, Cavallari I, Antonucci E, Calabrò P, Cirillo P, Gresele P, Palareti G, Pengo 
V, Pignatelli P, Ricottini E, Marcucci R. Prevalence and predictors of dual 
antiplatelet therapy prolongation beyond one year in patients with acute 
coronary syndrome. PLoS ONE. 2017;12:e0186961.

16. Ariza-Solé A, Guerrero C, Formiga F, Aboal J, Abu-Assi E, Marín F, Bueno H, 
Alegre O, López-Palop R, Vidán MT, Martínez-Sellés M, Díez-Villanueva P, 
Vilardell P, Sionis A, Vives-Borrás M, Sanchís J, Bañeras J, Rafecas A, Llibre C, 
López J, González-Salvado V, Cequier À. ; LONGEVO-SCA Registry Investiga-
tors. Global geriatric assessment and in-hospital bleeding risk in elderly 
patients with acute coronary syndromes: Insights from the LONGEVO-SCA 
registry.Thromb Haemost;118:581–90.

17. Ariza-Solé A, Formiga F, Bardají A, Viana-Tejedor A, Alegre O, de Frutos F. Clini-
cal characteristics and prognosis of very elderly patients with acute coronary 
syndrome treated with ticagrelor: insights from the LONGEVO-SCA registry. 
Rev Esp Cardiol. 2019;72:263–66.

18. 2019 American Geriatrics Society Beers Criteria® Update Expert Panel. Ameri-
can Geriatrics Society 2019 updated AGS Beers Criteria® for potentially inap-
propriate medication use in older adults. J Am Geriatr Soc. 2019;67:674–94.

19. Sanchis J, García Acuña JM, Raposeiras S, Barrabés JA, Cordero A, Martínez-
Sellés M, Bardají A, Díez-Villanueva P, Marín F, Ruiz-Nodar JM, Vicente-Ibarra N, 
Alonso Salinas GL, Rigueiro P, Abu-Assi E, Formiga F, Núñez J, Núñez E. Ariza-
Solé A. Comorbidity burden and revascularization benefit in elderly patients 
with acute coronary syndrome. Rev Esp Cardiol. 2021;74:765–72.

20. Ono M, Serruys PW, Hara H, Kawashima H, Gao C, Wang R, Takahashi K, 
O’Leary N, Wykrzykowska JJ, Sharif F, Piek JJ, Garg S, Mack MJ, Holmes DR, 
Morice MC, Head SJ, Kappetein AP, Thuijs DJFM, Noack T, Davierwala PM, 

Mohr FW, Cohen DJ, Onuma Y. SYNTAX extended Survival investigators. 
10-year follow-up after revascularization in elderly patients with complex 
coronary artery disease. J Am Coll Cardiol. 2021;77:2761–73.

21. Morici N, De Servi S, De Luca L, Crimi G, Montalto C, De Rosa R, De Luca G, 
Rubboli A, Valgimigli M, Savonitto S. Management of acute coronary syn-
dromes in older adults. Eur Heart J. 2022;43:1542–53.

22. García-Blas S, Bonanad C, Sanchis J. Invasive strategy in elderly patients 
with acute coronary syndrome in 2018: close to the truth? J Geriatr Cardiol. 
2019;16:114–20.

23. Campo G, Maietti E, Tonet E, Biscaglia S, Ariza-Solè A, Pavasini R, Tebaldi M, 
Cimaglia P, Bugani G, Serenelli M, Ruggiero R, Vitali F, Formiga F, Sanchis J, 
Galvani M, Minarelli M, Lucchi GR, Ferrari R, Guralnik J, Volpato S. The assess-
ment of scales of frailty and physical performance improves prediction of 
major adverse cardiac events in older adults with acute coronary dyndrome. 
J Gerontol A Biol Sci Med Sci. 2020;75:1113–19.

24. Tonet E, Campo G, Maietti E, Formiga F, Martinez-Sellés M, Pavasini R, Biscaglia 
S, Serenelli M, Sanchis J, Diez-Villanueva P, Bugani G, Vitali F, Ruggiero R, 
Cimaglia P, Bernucci D, Volpato S, Ferrari R, Ariza-Solé A. Nutritional status and 
all-cause mortality in older adults with acute coronary syndrome. Clin Nutr. 
2020;39:1572–79.

25. Kwok CS, Lundberg G, Al-Faleh H, Sirker A, Van Spall HGC, Michos ED, Rashid 
M, Mohamed M, Bagur R, Mamas MA. Relation of frailty to outcomes in 
patients with acute coronary syndromes. Am J Cardiol. 2019;124:1002–11.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Extended use of dual antiplatelet therapy among older adults with acute coronary syndromes and associated variables: a cohort study
	Abstract
	Introduction
	Methods
	Population
	Data collection and definitions
	Clinical outcomes
	Ethics
	Statistical analysis

	Results
	Clinical characteristics associated with extended DAPT
	Duration of DAPT depending on antiplatelet therapy at discharge, bleeding risk and extent of coronary disease
	Independent variables associated with extended DAPT
	Age subgroups among patients ≥ 65 years

	Discussion
	Conclusion
	References


