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Abstract
Background and purpose: Randomized controlled trials (RCTs) proved the efficacy of short-term dual antiplatelet 
therapy (DAPT) in secondary prevention of minor ischemic stroke or high-risk transient ischemic attack (TIA). We aimed 
at evaluating effectiveness and safety of short-term DAPT in real-world, where treatment use is broader than in RCTs.
Methods: READAPT (REAl-life study on short-term Dual Antiplatelet treatment in Patients with ischemic stroke or 
Transient ischemic attack) (NCT05476081) was an observational multicenter real-world study with a 90-day follow-up. 
We included patients aged 18+ receiving short-term DAPT soon after ischemic stroke or TIA. No stringent NIHSS 
and ABCD2 score cut-offs were applied but adherence to guidelines was recommended. Primary effectiveness outcome 
was stroke (ischemic or hemorrhagic) or death due to vascular causes, primary safety outcome was moderate-to-
severe bleeding. Secondary outcomes were the type of ischemic and hemorrhagic events, disability, cause of death, and 
compliance to treatment.
Results: We included 1920 patients; 69.9% started DAPT after an ischemic stroke; only 8.9% strictly followed entry 
criteria or procedures of RCTs. Primary effectiveness outcome occurred in 3.9% and primary safety outcome in 0.6% 
of cases. In total, 3.3% cerebrovascular ischemic recurrences occurred, 0.2% intracerebral hemorrhages, and 2.7% 
bleedings; 0.2% of patients died due to vascular causes. Patients with NIHSS score ⩽5 and those without acute lesions at 
neuroimaging had significantly higher primary effectiveness outcomes than their counterparts. Additionally, DAPT start 
>24 h after symptom onset was associated with a lower likelihood of bleeding.
Conclusions: In real-world, most of the patients who receive DAPT after an ischemic stroke or a TIA do not follow 
RCTs entry criteria and procedures. Nevertheless, short-term DAPT remains effective and safe in this population. No 
safety concerns are raised in patients with low-risk TIA, more severe stroke, and delayed treatment start.
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Introduction

Minor ischemic strokes and high-risk transient ischemic 
attacks (TIA) account for half of all cerebrovascular 
ischemic events1,2 and are associated with a 4% risk of 
ischemic recurrences at 90 days.3–5 The cornerstone of sec-
ondary prevention of these conditions is short-term dual 
antiplatelet therapy (DAPT). RCTs proved that DAPT is 
superior to single antiplatelet therapy (SAPT) in reducing 
the risk of cerebrovascular ischemic recurrences when at its 
maximum.6–9 Indeed, DAPT was associated with a number 
needed to treat of 29 patients to prevent a recurrent stroke 
in CHANCE6 and 92 to prevent a composite primary out-
come event in THALES.8 According to POINT, DAPT pre-
vents 15 ischemic events for every 1000 patients receiving 
the treatment.7

Few real-world studies have addressed effectiveness 
and safety of short-term DAPT in ischemic stroke.10–17 
Most of these studies were retrospective, had limited sam-
ple sizes, and exhibited heterogeneity in outcomes.10–17 
Notably, the real-world use of DAPT has increased since 
the publication of the RCTs,18 but still around half of the 
eligible patients does not receive the treatment yet19,20 and 
there are disparities in treatment prescription according  
to gender, ethnicity, and cause of the index event.18 
Conversely, physicians occasionally prescribe DAPT to 
patients with non-minor stroke19,21 or who do not follow 
RCTs procedure.21 Benefit/risk profile of DAPT in these 
patients has not been assessed yet.

Given the lack of evidence on DAPT in patients outside 
RCTs boundaries and setting, the REAl-life study on short-
term Dual Antiplatelet treatment in patients with ischemic 
stroke or Transient ischemic attack (READAPT) study 
aimed at evaluating effectiveness and safety of DAPT in a 
multicenter real-world setting, where treatment use has 
proven wider that RCTs.21 The study also aimed at address-
ing the subgroups of patients who do not meet entry criteria 
for RCTs due to a more severe ischemic stroke or low risk 
TIA, as well as those who do not follow RCTs procedures 
regarding time to DAPT start or antiplatelet loading dose.

Materials and methods

Study methodology has been previously reported21 and is 
briefly summarized here. The READAPT (NCT05476081) 
is an observational prospective multicenter real-world 
study endorsed by the Italian Stroke Association (ISA-AII) 
and adherent to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guide-
lines.22 The Internal review Board of the University of 
L’Aquila – the coordinating center – approved the study 
with the number 03/2021 in February 2021 and ethic com-
mittees of each participating center subsequently cleared it. 
All included patients or their proxies signed an informed 
consent. Between February 2021 and February 2023, 64 
Italian centers (Supplemental Table S4) enrolled all con-
secutive patients treated with DAPT. Patients were included 
shortly after the index event (i.e., baseline) and had a 
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90-day follow-up, which concluded with a face-to-face or 
remotely end of study visit.

Inclusion and exclusion criteria

We included inpatients or outpatients with non-cardioem-
bolic ischemic stroke or TIA, older than 18 years, who were 
treated with short-term DAPT. We did not set rigid entry 
criteria based on NIHSS or ABCD2 score to reflect the real-
world use of short term DAPT. Nevertheless, we recom-
mended adherence to guidelines criteria to use short-term 
DAPT.23–26 Key exclusion criteria were DAPT prescription 
after endovascular stenting procedures and participation to 
interventional RCTs on stroke prevention.

Study procedures and data collection

Physicians chose DAPT regimen – loading dose and treat-
ment duration – and the antiplatelet to be continued after 
DAPT cessation according to the best clinical practice and 
guidelines23–26 (Supplemental Method 1.1).

To characterize index and ischemic recurrences, we col-
lected symptom duration and findings at neuro-imaging 
examination that was performed in all included patients. 
For both index and recurrent ischemic events, we referred 
to the World Health Organization (WHO) time-based crite-
rion27 to distinguish ischemic strokes from TIAs. For the 
severity of bleeding events, we referred to the Global 
Utilization of Streptokinase and Tissue Plasminogen 
Activator for Occluded Coronary Arteries (GUSTO). It is 
worth noting that severe bleedings included hemorrhagic 
strokes but excluded asymptomatic hemorrhagic transfor-
mations of ischemic brain infarctions, which were not 
encompassed by this severity classification.28 Details on 
variable collected and definitions of the other outcomes are 
in Supplemental Method 1.2.

We used electronic anonymized baseline and follow-up 
case-report-form (Supplemental Method 1.2) created with 
the Research Electronic Data Capture (REDCap) soft-
ware,29,30 which was hosted at University of L’Aquila. The 
study staff of the coordinating center performed regular 
quality checks to ensure integrity of data collection and 
completeness of follow-up as previously reported.21 All the 
local investigators were trained on available RCTs and 
guidelines on short-term DAPT and on study procedures 
and definitions of the outcomes prior to the study start.

Outcomes

The primary effectiveness outcome was a composite of new 
stroke events (ischemic or hemorrhagic) or death due to 
vascular causes at 90 days. The primary safety outcome was 
a moderate-to-severe bleeding at 90 days.

Secondary outcomes were cerebral ischemic event (i.e., 
ischemic stroke or TIA), intracerebral hemorrhage (ICH), 

subarachnoid hemorrhage, other intracranial hemorrhage 
(i.e., subdural hematoma, epidural hematoma, or other), 
hemorrhagic infarction, myocardial infarction, vascular 
death, non-vascular death, any hospitalization, disability 
measured by the modified Rankin Scale (mRS), cause of 
DAPT discontinuation (i.e., adverse events, lack of com-
pliance, other), severe bleeding, moderate bleeding, and 
mild bleeding. Secondary composite outcomes were any 
bleeding (i.e., any of severe, moderate, or mild bleeding) 
and any death (i.e., any of death due to vascular or non-
vascular causes).

Each local investigator adjudicated outcome events on 
review of medical charts. We reported outcomes in the 
entire study cohort, in patients following or not RCTs inclu-
sion criteria and procedures, and in pre-specified sub-
groups: age > or ⩽65 years, body mass index (BMI) < or 
⩾30, symptoms < or ≥24 h, presence of acute lesions at 
neuroimaging, NIHSS score ⩽ or >3, NIHSS score ⩽ or 
>5, ABCD2 score ⩽ or >4, and loading dose.

Statistical analysis

The enrollment period spanned a minimum of 2 years with 
the possibility of an extension if sample size was not 
reached. Using a 95% confidence interval, we estimated 
sample size of 1067 subjects to detect a conservative 50% 
proportion of primary effectiveness outcome with a two-
sided 2.5% margin of error.

We performed all the analyses according to the inten-
tion-to-treat principle in patients who completed the fol-
low-up or had an outcome event within 90 days. We 
excluded from the statistical analyses patients who had an 
end of study visit prior than 80 days, who underwent stent-
ing procedures during the follow-up, and who discontinued 
DAPT due to the diagnosis of atrial fibrillation or any other 
condition requiring anticoagulation – excluded to avoid 
bias attributable to therapeutic switch. In case patients had 
multiple events, only the first outcome was used in the 
model. Given the low number of the outcome events all the 
analyses were exploratory.

We reported descriptive statistics about demographics, 
characteristics of the index event, and outcome events. 
Categorical data were reported as number and percentage; 
95% Poisson Confidence Interval (CI) were provided for 
the outcomes. Continuous data had non-normal distribution 
at Kolmogorov–Smirnov test and were reported as median 
and interquartile range (IQR). Categorical and continuous 
data were compared across subgroups through the χ2 and 
Mann–Whitney U tests respectively.

To assess time distribution of outcome events during the 
follow-up, we performed survival analysis of primary 
effectiveness outcome and any bleeding. We further com-
pared time to primary effectiveness outcome and any bleed-
ing among patients who started DAPT within 12, 12–24, 
and after 24 h from symptom onset with log-rank test.
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Statistics and graphs were performed through SPSS ver-
sion 20 (IBM Corp, Armonk, NY, USA), R 3.3.0+, and 
GraphPad version 10.

Results

Out of 2278 patients enrolled between February 2021 and 
February 2023, 6.5% were lost to follow-up, 6.2% had a 
follow-up earlier than 80 days from the index event, 1.6% 
discontinued DAPT because of a diagnosis of atrial fibrilla-
tion or any other condition requiring anticoagulation, and 
1.4% underwent stenting procedures. Therefore, we 
included in the analysis 1920 (84.3%) patients (Figure 1).

Demographics and characteristics of the index 
event

Table 1 summarizes the demographics of the study 
cohort. Most patients received DAPT after an ischemic 
stroke (69.9%); among them 35.4% had NIHSS score 
>3 and 11.8% NIHSS score >5 (Figure S1). A total of 
30.1% of patients had a TIA; among them 20.1% had an 
ABCD2 score <4 (Figure S2) and 65.7% an ABCD2 
score <6 without any symptomatic intracranial/extracra-
nial stenosis. Eighteen point four percent of patients 
underwent a revascularization procedure: 16.2% IVT, 
1.9% EVT, and 2.4% endarterectomy. Only 8.9% of 
patients would have met RCTs entry criteria regarding 
the characteristics of the event and followed their proce-
dures such as timing of DAPT start and loading dose 
(Supplemental Table S1).

Table 1. Baseline characteristics of study population.

Characteristics Overall study 
cohort*

Age, years, median (IQR) 72 (62–79)
Female gender, N (%) 665 (34.6)
Caucasian, N (%) 1877 (97.8)
BMI, median (IQR) 26 (24–28)
Current smoker, N (%) 492 (25.6)
Hypertension, N (%) 1527 (79.5)
Diabetes mellitus, N (%) 521 (27.1)
Dyslipidemia, N (%) 1160 (60.4)
Hypertriglyceridemia 398 (20.7)
Previous ischemic event, N (%) 366 (19.1)
 TIA 208 (10.8)
 Ischemic stroke 158 (8.3)
Previous intracerebral hemorrhage, N (%) 15 (0.8)
Myocardial infarction, N (%) 183 (9.5)
Angina, N (%) 62 (3.2)
Congestive heart failure, N (%) 58 (3.0)
Peripheral chronic obliterative arteriopathy, 
N (%)

110 (5.7)

Use of antiplatelet prior to the index event, 
N (%)

783 (40.7)

Symptom duration, N (%)  
 ≥24 h 1342 (69.9)
 <24 h 578 (30.1)
Lesions at neuroimaging, N (%)  
 Yes 1302 (67.8)
 No 618 (32.2)
ABCD2 score in patients with qualifying TIA, 
median (IQR)

5 (4–5)

 ABCD2 < 4, N (%) 120 (20.1)
 ABCD2 < 6 and no LAA, N (%) 380 (65.7)
NIHSS score in patients with qualifying 
ischemic stroke, median (IQR) and [range]

3 (2–4), [0–28]

 NIHSS > 3, N (%) 475 (35.4)
 NIHSS > 5, N (%) 159 (11.8)
mRS baseline, median (IQR) 0 (0–0)
 mRS > 2, N (%) 76 (4.0)
Time to DAPT start, N (%)  
 <12 h 642 (33.4)
 12–24 h 619 (32.2)
 25–48 h 390 (20.4)
 >48 h 269 (14.0)
Type of DAPT, N (%)  
 Aspirin/clopidogrel 1912 (99.6)
 Aspirin/ticagrelor 8 (0.4)
Loading dose, N (%) 1035 (53.9)
 Aspirin 552 (28.7)
 Clopidogrel 703 (36.6)
 Ticagrelor 5 (0.3)
Revascularization procedures, N (%) 353 (18.4)
Cause of the event, N (%)  
 LAA 452 (23.5)
 SAO 534 (27.8)
 Other 104 (5.4)
 Undetermined 830 (43.3)

(Continued)

Figure 1. Consolidated standards of reporting trials diagram of 
enrollment in the study.
DAPT: dual antiplatelet therapy; FU: follow-up.
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The cause of the event according to the Trial of Org 
10172 in acute stroke treatment (TOAST) classification31 
was in most of the cases undetermined (43.3%) followed by 
small-artery occlusion (SAO) (27.8%), large-artery athero-
sclerosis (LAA) (23.5%), and other determined causes 
(5.4%) (Table 1). Among the undetermined events, 32.5% 
were classified as embolic stroke of undetermined source 
(ESUS) and in 11% of cases physicians detected a patent 
foramen ovale (PFO).

DAPT regimen

The most prescribed DAPT was clopidogrel/aspirin 
(99.6%), with 33.4% of patients starting the therapy within 
12 h from symptom onset and 14.0% after 48 h (Table 1). A 
total of 53.9% of patients received a loading dose of any 
antiplatelets, with clopidogrel being the most common 
(36.6%) (Supplemental Figure S3).

DAPT median duration was 21 days (IQR 21–45 days); 
bleedings were the most common adverse events leading to 
treatment discontinuation (Table 1). Aspirin was the most 
frequent antiplatelet prescribed after DAPT cessation 
(Supplemental Result 2.1).

Effectiveness and safety outcomes

Median follow-up duration was 96 (IQR 92–106) days. 
End-of-study visits were conducted face-to-face for 44% of 
patients and remotely for the remaining 56%.

During the follow-up, a primary effectiveness outcome 
occurred in 3.9% (3.07–4.83 95% CI) of patients and a pri-
mary safety outcome occurred in 0.6% (0.35–1.11 95% CI) 
of patients; 3.3% (2.61–4.26 95% CI) of patients had an 
ischemic recurrence (2.0% had an ischemic stroke and 
1.3% a TIA) and 0.2% (0.05–0.46 95% CI) had an ICH 

Characteristics Overall study 
cohort*

DAPT duration, median (IQR) 21 (21–45)
 DAPT duration <21 days, N (%) 124 (6.5)
 DAPT duration 21–30 days, N (%) 1256 (65.4)
 DAPT duration 30–90 days, N (%) 540 (28.1)
DAPT discontinuation before expected 
completion, N (%)

88 (4.5)

 Adverse events 22 (1.1)
 Lack of compliance 15 (0.8)
 Other 51 (2.6)

BMI: body mass index; DAPT: dual antiplatelet therapy; h: hours; IQR: 
interquartile range; LD: loading dose; LAA: large-artery atherosclerosis; 
mRS: modified Rankin scale; N: number; NIHSS: national institutes of 
health stroke scale; SAO: small-artery occlusion; TIA: transient ischemic 
attack.
*All patients were evaluable for the analysis.

Table 1. (Continued) (Supplemental Result 2.2). In addition, 0.1% (0.03–0.38 
95% CI) of patients had a subarachnoid hemorrhage and 
0.1% (0.03–0.38 95% CI) other intracranial bleedings. 
Myocardial infarction occurred in 0.2% (0.05–0.46 95% 
CI) of patients and 3.3% (2.56–4.19 95% CI) required a 
new hospitalization. A total of 78.8% (75.03–82.98 95% 
CI) of patients had mRS of 0–1 and median mRS was 0 
(IQR 0–1) at 90 days (Table 2).

Overall, 2.7% (2.06–3.55 95% CI) of patients had any 
bleeding event. Severe bleedings occurred in 0.5% (0.24–
0.89 95% CI) of patients, moderate in 0.2% (0.05–0.46 
95% CI), and mild bleedings in 2.1% (1.53–2.84 95% CI). 
Death occurred in 0.5% (0.25–0.89 95% CI) of patients, 
0.2% (0.05–0.46 95% CI) due to vascular causes and 0.3% 
(0.11–0.60 95% CI) due to non-vascular causes (Table 2). 
Hemorrhagic infarction occurred in 1% (0.63–1.54 95% 
CI) of patients and was symptomatic only in 0.1% (0.03–
0.38 95% CI) of cases.

Most of the outcomes occurred while patients were still 
on DAPT treatment: 60.8% of primary effectiveness out-
comes, 58.3% of primary safety outcomes, and 61.5% of 
any bleedings. Notably, 2.0% of patients had multiple out-
come events; additional details are available in Supplemental 
Table S2.

Effectiveness and safety in subgroups of interest

Patients who did not follow RCTs entry criteria and proce-
dures had comparable effectiveness and safety outcomes 
to their counterpart (Supplemental Table S3). Regarding 
the pre-specified subgroups, primary effectiveness out-
come was more frequent among those without acute lesion 
at neuroimaging (5.5%, 3.93–7.69 95% CI) compared 
with those with lesions at neuroimaging (3.1%, 2.25–
4.18 95% CI, p = 0.010) and among patients with NIHSS 
score ⩽5 (4.0%, 2.99–5.28 95% CI) compared with 
NIHSS score >5 (0.6%, 0.11–3.56 95% CI, p = 0.033) 
(Figure 2). A primary safety outcome occurred more 
often in patients with NIHSS score >3 (1.3%, 0.58–2.76 
95% CI) and compared with NIHSS ⩽ 3 (0.2%, 0.06–
0.84 95% CI, p = 0.019). We found no statistically sig-
nificant difference in the other subgroups defined 
according to BMI, symptom duration, and loading dose. 
However, any bleeding outcome tended to be more com-
mon among patients >65 years (3.2%, 2.37–4.36 95% CI) 
compared with those ⩽65 years (1.7%, 0.95–3.06 95% CI, 
p = 0.055) (Supplemental Table S3) (Figure 2).

Cumulative probabilities of primary effectiveness 
outcome and any bleeding according to time to 
DAPT start

Out of the 74 primary effectiveness outcomes, 18.9% 
occurred the day after the index event and 28.3% within 
7 days (Figure 3a). There were no differences in primary 
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Table 2. Primary and secondary effectiveness and safety outcome in READAPT, CHANCE, POINT, and THALES.

Outcome READAPT* CHANCE6 POINT7 THALES8

Sample size 1920 2584 2432 5493
Primary outcomes
 Primary effectiveness outcome†, N (%) 74 (3.9) 212 (8.2) 121 (5.0) 303 (5.5)
 Primary safety outcome§ N (%) 12 (0.6) 7 (0.3) 23 (0.9) 28 (0.5)
Key secondary outcomes
 Ischemic event, N (%) 64 (3.3) 243 (9.4) 112 (4.6) 276 (5.0)
  Ischemic stroke 38 (2.0) 204 (7.9) 112 (4.6) 276 (5.0)
  TIA 26 (1.3) 39 (1.5) NA NA
 Hemorrhagic transformation, N (%) 19 (1.0) NA NA NA
  Symptomatic 2 (0.1)  
  Asymptomatic 17 (0.9)  
 Intracranial hemorrhage, N (%) 3 (0.2) 8 (0.3) 5 (0.2) 22 (0.4)
 Subarachnoid hemorrhage, N (%) 2 (0.1) NA NA NA
 Other intracranial hemorrhage, N (%) 2 (0.1) NA NA NA
 Myocardial infarction, N (%) 3 (0.2) 3 (0.1) 10 (0.4) NA
 Death, N (%) 8 (0.5) 10 (0.4) 18 (0.7) 36 (0.7)
  Vascular 3 (0.2) 6 (0.2) 6 (0.2)  
  Non-vascular 5 (0.3) 4 (0.2) 12 (0.5)  
 Severe bleeding, N (%) 9 (0.5) 4 (0.2) 17 (0.7) 28 (0.5)
 Moderate bleeding, N (%) 3 (0.2) 3 (0.1) NA 36 (0.7%)a

 Mild bleeding, N (%) 40 (2.1) 30 (1.2) 40 (1.6) 36 (0.7%)a

 Any bleeding, N (%) 52 (2.7) 60 (2.3) NA NA
 Hospitalization, N (%) 63 (3.3) NA NA NA
 mRS, median (IQR) 0 (0–1) NA NA NA

mRS: modified Rankin scale; NA: not available; N: Number; TIA: transient ischemic attack.
aModerate or mild bleeding.
*All patients were evaluable for the analysis.
†Primary efficacy outcome in CHANCE was new stroke event (ischemic or hemorrhagic), in POINT was the composite of ischemic stroke, myocar-
dial infarction, or death from ischemic vascular causes, and in THALES was the composite of stroke (ischemic stroke, hemorrhagic stroke) or death.
§Primary safety outcome in CHANCE was moderate-severe bleeding event, in POINT was major hemorrhage, and in THALES was severe bleeding 
event.

Figure 2. Rates of any bleeding and primary effectiveness outcomes across pre-specified subgroups. 
BMI: body mass index; h: hours; NIHSS: National Institutes of Health Stroke Scale. 
*p value =0.010. **p value =0.033. 
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effectiveness outcomes among patients who started DAPT 
within 12 h, between 12 and 24 h, and after 24 h from symp-
tom onset (p = 0.3) (Figure 3b).

Out of the 52 any bleeding events, 15.4% occurred 
within the first week from index event, 23.1% in the sec-
ond week, and 11.5% in the third week (Figure 3a). 
Proportions of any bleeding gradually decreased in the 
following weeks. Patients treated with DAPT within 12 h 
and between 12-24 h were at higher risk of any bleeding 
than those who started DAPT after 24 h from symptom 
onset (p = 0.032) (Figure 3b).

Discussion

The READAPT study provided data on real-world effec-
tiveness and safety of short-term DAPT in secondary pre-
vention of non-cardioembolic ischemic stroke or TIA. As 
previously reported, a high proportion of patients in real-
world is treated with a short course of DAPT even if not 
strictly meeting RCTs definitions of “minor” ischemic 
stroke or “high-risk” TIA.21 Additionally, many patients did 

not follow trials procedures. Nevertheless, in this popula-
tion, short-term DAPT turned out to be associated with 
even better effectiveness and safety than anticipated on 
RCTs results.6–8

During the 90-day follow-up, we observed 3.9% pri-
mary effectiveness outcomes – a recurrent ischemic event, 
vascular death, or an intracranial bleeding – mainly driven 
by ischemic recurrences which occurred in 3.3% of 
patients.6–8 Most of the recurrences occurred early after the 
index event, thus, reinforcing the need of a prompt DAPT 
start in eligible patients. We found a lower rate of 90-day 
ischemic recurrences in READAPT than in other real-world 
studies (3.8-4.7%), which included both patients treated 
with DAPT and with other preventative therapies.3,5 The 
same rate was also lower than those reported in RCTs6–8 
(Table 2). Investigators might have missed recurrences pre-
senting with mild or worsening of preexisting symptoms or 
occurred before DAPT start. The effectiveness of DAPT 
might have been greater than in RCTs due to the underrep-
resentation of Black and Asian patients, who are at high risk 
of ischemic recurrences.32,33 Additionally, the high vascular 

Figure 3. Cumulative hazards of the primary effectiveness outcome and any bleeding in the overall study cohort (a) and in 
subgroups of patients defined according to time to dual antiplatelet therapy start (b).
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risk profile prevalent in our population might have contrib-
uted to the enhanced benefits of DAPT.11,15

DAPT had a similar safety profile in READAPT com-
pared to RCTs6–8 (Table 2), even if mild bleedings were 
about one percentage point higher.6–8 Furthermore, bleed-
ings were among the most frequent adverse events leading 
to treatment discontinuation. Time-to-event analysis 
showed that DAPT start within 12 h from symptom onset 
was associated with a higher risk of any bleeding possibly 
due to a higher rate of hemorrhagic transformation or 
intracranial bleedings in these patients. A proper evaluation 
of patients’ hemorrhagic risks including an assessment of 
the volume of ischemic lesions might minimize hemor-
rhagic complications of DAPT. The exact window for 
DAPT start after an ischemic event is yet to be defined, the 
INSPIRES and a sub-analysis of POINT showed that DAPT 
was still beneficial if administered within 72 h from symp-
tom onset,9,34 thus a delayed treatment start might be con-
sidered in specific cases. Mortality was not a concern in our 
cohort, and the rate of vascular death was comparable to 
RCTs.6–8

The READAPT study included patients who, in clinical 
practice, are perceived at high risk of ischemic recurrences 
and low risk of bleedings even if outside the RCTs bounda-
ries for minor stroke or high-risk TIA. We found no signifi-
cant difference in primary effectiveness outcome among 
those with ABCD2 score ⩾ or <4 supporting the need for a 
comprehensive vascular risk evaluation not only based on 
ABCD2 score.35 Conversely, patients with NIHSS score >5 
had a lower rate of primary effectiveness outcome com-
pared with those with NIHSS score ⩽5 in line with a previ-
ous real-world study which identified NIHSS score 3–10 as 
a predictor of DAPT effectiveness.12 This result should be 
carefully interpreted due to the low number of patients with 
NIHSS score >5 and the increased bleeding risk in patients 
with NIHSS score >3. Regarding safety, patients older than 
65 years had a higher rate of any bleeding events. Similarly, 
a meta-analysis showed an increased risk of severe bleed-
ing among patients ⩾65 years treated with DAPT compared 
with SAPT.36 However, this meta-analysis included data of 
RCTs, which exclusively evaluated long-term DAPT effi-
cacy with various combinations of antiplatelets and dos-
ages.36 The safety of short-term DAPT in the elderly still 
needs to be investigated as it is unclear whether the bleed-
ing risk linearly increases with the age, as shown for long-
term SAPT with aspirin,37 and whether other cofactors such 
as comorbidities might play a role.

The READAPT cohort distinguished itself from RCTs 
also due to the lack of loading dose and the use of revascu-
larization procedures. We observed similar DAPT effec-
tiveness and safety in patients who received or not a loading 
dose. However, the heterogeneity and lack of details on the 
dosage limits the interpretation of these results. Only 53.9% 
of patients received a loading dose and they were mainly 
naïve to prior antiplatelets. The absence of a loading dose in 
eligible patients might be due to prior antiplatelet therapy 

with a different agent or physicians’ unfamiliarity with this 
procedure as previously discussed.21 Notably, revasculari-
zation procedures did not result in a concerning increase in 
the bleedings compared to RCTs. With 16.2% of patients 
treated with IVT in our cohort, we support the growing 
trend in IVT usage in minor stroke.38 However, the lack of 
evidence on benefits/risks of DAPT after IVT might have 
limited the combination of these therapies and some 
patients might have presented to physicians outside the 
window for IVT. Therefore, the efficacy and safety of 
DAPT after IVT needs to be further addressed by larger 
randomized studies.

In terms of DAPT benefit/risk timeseries, most of the 
primary effectiveness outcomes occurred within the first 
week, while the rates of any bleeding peaked during the 
second week and then remained constant up to day 90. A 
time-course analysis of CHANCE showed that DAPT 
reduced the 1-week risk of new ischemic stroke by approxi-
mately 35% and numerically increased the risk of any 
bleeding during the first 4 weeks.39 Both in READAPT and 
CHANCE subgroup analyses there was an increase of hem-
orrhagic risk during the second week, but we did not 
observe a similar continuous increasing rate of any bleed-
ing over time possibly due to the low number of any bleed-
ing events and/or lack of treatment compliance.

To our knowledge, the READAPT is the largest real-
world prospective study that provided insights into DAPT 
effectiveness and safety in real-word; the study also pro-
vided outcomes in patients outside RCTs boundaries. The 
other available real-world studies evaluated the effective-
ness and safety of DAPT compared with SAPT10–15 or 
focused on DAPT safety after IVT.16,17 Most of these stud-
ies had a retrospective design, all of them have exclusively 
included Asian patients with an ischemic stroke, and none 
have specifically considered those with uncertain DAPT 
benefits/risks according to RCTs evidence. Indeed, the sole 
study which included patients with moderate ischemic 
stroke (i.e., NIHSS ⩽ 10), aimed at comparing SAPT with 
DAPT both combined with highly intensive statin regimen 
and had a limited sample size (n = 127 DAPT vs 204 
SAPT).12 Additionally, we evaluated DAPT effectiveness 
and safety after a TIA, while the sole study that included 
patients with tissue-based TIA reserved DAPT for those 
with acute lesions at neuroimaging.14

The READAPT adopted rigorous procedures to ensure 
accuracy, completeness, and quality of data. Among the 
limitations of the study, the geographical setting restricted 
to Italy, the predominantly Caucasian population, and the 
low proportion of females hinder the generalizability of our 
results. The study was underpowered to identify predictors 
of outcome events and all the analyses were exploratory; 
therefore, our findings need to be confirmed by larger stud-
ies. Additionally, READAPT observational design might 
have led to an underreporting of the outcomes. The appro-
priateness of outcome adjudication was upon unblinded 
investigators part of the same local staff team as we did not 
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have direct access to patients’ records. Most of the end of 
study visits have been remotely performed possibly affect-
ing the accuracy of outcome collection. Lastly, we excluded 
patients with minor stroke due to cardioembolic sources 
with a possible selection bias. We further excluded those 
who discontinued DAPT because of a diagnosis of atrial 
fibrillation as we aimed at evaluating the effectiveness of 
DAPT in patients with non-cardioembolic causes. However, 
we cannot exclude occult cardioembolism underlying some 
of the index or recurrent events as not all patients received 
a prolonged or continuous cardiac monitoring.

Conclusions
Although the use of short-term DAPT for secondary pre-
vention of ischemic stroke or TIA is broader in real-world 
than in RCTs, the READAPT study showed that, in real-
world setting, there are no safety concerns emerging from 
DAPT use except for the elderly who may be at higher risk 
of bleeding. Based on our results, the therapy might be con-
sidered in patients who slightly exceed the conventional 
boundaries for minor stroke or with low risk TIA based on 
NIHSS and ABCD2 score respectively. We also recommend 
to promptly start DAPT after symptom onset, since most of 
the ischemic recurrences occurred early after the index 
event.
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