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Abstract
Background: Dual antiplatelet therapy (DAPT) is a cornerstone of secondary prevention in 
patients with minor ischemic stroke or high-risk transient ischemic attack. The effectiveness 
and safety of DAPT may differ between patients with posterior (PCI) and anterior circulation 
infarct (ACI).
Objectives: We aimed to compare short-term outcomes following DAPT between mild-to-
moderate stroke patients with PCI versus ACI.
Design: Propensity-matched analysis from a prospective real-world multicentric cohort study 
(READAPT).
Methods: We included patients with noncardioembolic mild-to-moderate stroke (National 
Institute of Health Stroke Scale of 0–10) who initiated DAPT within 48 h of symptom 
onset. Patients were categorized into ACI or PCI based on the infarct(s) location on brain 
neuroimaging. The primary effectiveness outcome was the 90-day risk of ischemic stroke 
or other vascular events. The secondary effectiveness outcomes were the 90-day modified 
Rankin Scale (mRS) score distribution, 24-h early neurological improvement or deterioration, 
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and all-cause mortality. The safety outcomes included the 90-day risk of any bleedings and 
24-h hemorrhagic transformation.
Results: We matched 281 PCI patients with 651 ACI patients. The 90-day risk of ischemic 
stroke or other vascular events was low and similar between PCI and ACI groups (3.1% vs 
2.9%, respectively; hazard ratio 0.98, (95% confidence interval (CI) 0.45–2.14); p = 0.845). 
Patients with PCI had worse 90-day mRS ordinal distribution compared to those with ACI 
(odds ratio 1.18 (95% CI 1.01–1.39); p = 0.046). There were no differences in other secondary 
outcomes. Safety outcomes had low incidence and did not differ between groups (any 
bleedings: 3.2% vs 2.6%; 24-h hemorrhagic transformation: 1.8% vs 1.2%). We found no 
differences in the risk of ischemic stroke or other vascular events between patients with PCI 
and ACI across subgroups defined by sex, age, presumed stroke etiology, stroke severity, 
prestroke mRS, hypertension, diabetes, acute reperfusion therapies, DAPT loading dose, or 
presence of symptomatic intracranial stenosis.
Conclusion: Our findings suggest that effectiveness and safety outcomes after DAPT in 
patients with mild-to-moderate noncardioembolic ischemic stroke are consistent regardless 
of infarct location in the anterior or posterior circulation territory. However, patients with PCI 
may experience worse short-term functional outcome.
Trial registration: URL: www.clinicaltrials.gov; Unique identifier: NCT05476081.

Keywords:  dual antiplatelet therapy, effectiveness, infarct location, ischemic stroke, mild-to-
moderate, outcomes, posterior circulation, safety
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Introduction
While most ischemic strokes occurs in the ante-
rior circulation, approximately 20% involve the 
posterior circulation, resulting from reduced 
blood flow to the brainstem, cerebellum, thala-
mus, and parietooccipital lobes.1 These two sub-
types exhibit some differences in risk factors, 
etiology, prognosis, and therapeutic approaches.2,3 
Anterior circulation infarctions (ACI) are more 
commonly associated with embolism,4 whereas 
posterior circulation infarctions (PCI) are more 
frequently lacunar.5 Diagnostically, PCI pose 
greater challenges due to their nonspecific symp-
toms, which can lead to delayed recognition and 
treatment.6 Moreover, they are associated with a 
higher risk of stroke recurrences and early neuro-
logical deterioration,7 particularly in cases of large 
artery stenosis,8 and often result in worse func-
tional outcomes compared to ACI.9,10

Current international guidelines recommend 
early short-term dual antiplatelet therapy (DAPT) 
for all patients with minor ischemic stroke or 
high-risk transient ischemic attack (TIA).11,12 
Although pivotal DAPT trials13–15 included 
patients regardless of the site of the acute infarct, 

they did not specifically analyze outcomes based 
on anterior or posterior circulation involvement. 
More recently, a secondary analysis from the tica-
grelor or clopidogrel with aspirin in high-risk 
patients with acute nondisabling cerebrovascular 
events 2 (CHANCE-2) trial found similar 90-day 
stroke recurrence rates between PCI and ACI 
patients with minor stroke or TIA who were 
treated with aspirin plus clopidogrel or ticagre-
lor.16 Additionally, a post hoc analysis of the anti-
platelet therapy in acute mild-to-moderate 
ischemic stroke (ATAMIS) trial revealed that, 
compared to mild-to-moderate stroke patients 
(baseline National Institute of Health Stroke 
Scale (NIHSS) of 0–10) with PCI, those with 
anterior circulation stroke experienced greater 
reduction in early neurological with DAPT than 
with aspirin alone.17 In the real-world settings, 
the use of DAPT often extends beyond the indi-
cations of pivotal trials, potentially offering bene-
fits to patients with greater stroke severity and 
those who have undergone acute reperfusion 
therapies.18–20 Therefore, it is important to clarify 
whether outcomes following DAPT differ across 
diverse clinical scenarios and specific patient pop-
ulations, such as those with PCI.

https://journals.sagepub.com/home/tan
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This study aimed to explore differences in short-
term outcomes following DAPT in patients with 
noncardioembolic mild-to-moderate ischemic 
stroke, comparing those with PCI versus ACI.

Methods

READAPT study
The READAPT study (NCT05476081) is a pro-
spective, observational, multicenter investigation 
conducted within real-world clinical settings in 
Italy. Coordinated by the University of L’Aquila 
and supported by the Italian Stroke Association, it 
adhered to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) 
guidelines for observational research.21 The study 
enrolled adults aged 18 and above who had suf-
fered an acute noncardioembolic ischemic stroke 
or a TIA and were prescribed DAPT for a dura-
tion of up to 90 days. The READAPT study was 
conducted between February 1, 2021, and 
February 28, 2023, and spanned 64 stroke cent-
ers nationwide. Participant recruitment occurred 
in hospital settings, emergency departments, and 
open-access neurology clinics. To maximize 
enrollment, investigators followed structured pro-
tocols and issued regular follow-up reminders. 
Diagnosis of stroke and TIA was established 
based on standard clinical assessments and the 
World Health Organization’s criteria. All patients 
initiating DAPT following an acute noncardi-
oembolic ischemic event were eligible, with no 
constraints regarding the choice of antiplatelet 
agents or the timing of DAPT initiation. The 
decision to prescribe DAPT was left to the discre-
tion of the treating physician, who determined 
suitability based on individual risk–benefit con-
siderations. Patients were included irrespective of 
whether they received a loading dose of DAPT 
(defined as ⩾300 mg for aspirin and clopidogrel 
or ⩾180 mg for ticagrelor). The exclusion criteria 
were minimal, disqualifying only patients under-
going prolonged DAPT due to stent-related pro-
cedures, and those unable to adhere to study 
requirements. Participants were enrolled shortly 
after the qualifying ischemic event and monitored 
over a follow-up period of 90 ± 10 days through 
in-person or remote assessments. Methodological 
details and study definitions have been docu-
mented in prior publications.18,19

Study analysis
For this secondary analysis, we selected only 
patients who experienced mild-to-moderate 
ischemic strokes (defined by a NIHSS score of 
0–10 on admission) and had ⩾1 brain infarct 
detected on admission or follow-up neuroimaging 
congruous with their stroke symptoms at onset. 
Selection was limited to those who started DAPT 
within 48 h of symptom onset. In contrast, we 
excluded patients who were prescribed DAPT 
after carotid endarterectomy or stenting, as well 
as those who discontinued DAPT prematurely 
due to the initiation of anticoagulation therapy. 
These exclusions aimed to reduce potential con-
founding from procedure-related variables and 
anticoagulation-associated bleeding risks.

Patients were categorized as having either PCI or 
ACI based on the acute infarct(s) location. Infarct 
locations were determined according to the site of 
hyperintense lesions on the diffusion-weighted 
imaging (DW) sequences in patients who under-
went brain magnetic resonance (MR), or on the 
site of new hypodense lesion(s) in patients who 
underwent only brain noncontrast computed 
tomography (NCCT). Similarly, the number of 
acute ischemic lesion(s) was assessed using DW 
sequences on brain MR when available or other-
wise using brain NCCT. ACI was defined as the 
presence of acute infarct(s) in territories perfused 
by the anterior cerebral artery, middle cerebral 
artery, or internal carotid artery, while PCI was 
defined as lesion(s) occurring in brain regions 
supplied by the posterior cerebral artery, cerebel-
lar arteries, basilar artery, or vertebral artery. 
Patients with multiple acute infarcts involving 
both anterior and posterior circulation territories 
were categorized as PCI only if they presented 
exclusively with symptoms attributable to the 
involvement of posterior circulation territories—
namely, isolated hemianopsia, ataxia, vertigo, 
diplopia, typical brainstem syndromes—other-
wise, they were categorized as ACI. This symp-
tom-based criterion was adopted to ensure a 
clinically meaningful classification, in patients 
where determining the predominant infarct terri-
tory based on imaging alone was challenging. Of 
note, although the presence of lesions in both vas-
cular territories may raise suspicion of a cardi-
oembolic source, we included these patients in 
the main analysis, as individuals with a confirmed 

Maria Grazia Piscaglia 
Neurology Unit, S.Maria 
delle Croci Hospital, 
Ravenna, Italy

Valeria Terruso 
Marina Mannino 
Department of 
Neurology, AOOR Villa 
Sofia-Cervello, Palermo, 
Italy

Alessandro Pezzini 
Department of Medicine 
and Surgery, University 
of Parma, Parma, Italy

Stroke Care Program, 
Department of 
Emergencies, Parma 
University Hospital, 
Parma, Italy

Giovanni Frisullo 
Neuroscienze, Organi 
di Senso e Torace, 
Fondazione Policlinico 
Universitario Agostino 
Gemelli, Rome, Italy

Francesco Muscia 
Department of 
Neurology, ASST-Ovest 
Milanese, Legnano, Italy

Maurizio Paciaroni 
Department of Internal 
and Cardiovascular 
Medicine, Santa Maria 
della Misericordia 
Hospital, Perugia, Italy

Unit of Clinical 
Neurology, Department 
of Neuroscience and 
Rehabilitation, University 
of Ferrara, Ferrara, Italy

Maria Giulia Mosconi 
Department of Internal 
and Cardiovascular 
Medicine, Santa Maria 
della Misericordia 
Hospital, Perugia, Italy

Andrea Zini 
IRCCS Istituto delle 
Scienze Neurologiche 
di Bologna, Maggiore 
Hospital, Bologna, Italy

Ruggiero Leone 
Stroke Unit, “M. R. 
Dimiccoli” Hospital, 
Barletta, Italy

Carmela Palmieri 
Stroke Unit, Department 
of Neurology, E. Agnelli 
Hospital, Pinerolo, Italy

Letizia Maria Cupini 
Stroke Unit, S. Eugenio 
Hospital, Rome, Italy

Michela Marcon 
Department of 
Neurology, Cazzavillan 
Hospital, Arzignano, Italy

Rossana Tassi 
UOC Stroke Unit, Azienda 
Ospedaliera Universitaria 
Senese, Siena, Italy

https://journals.sagepub.com/home/tan


Therapeutic Advances in 
Neurological Disorders Volume 18

4	 journals.sagepub.com/home/tan

cardioembolic etiology were excluded in accord-
ance with the original READAPT exclusion crite-
ria.18,19 Thus, even if some cases may theoretically 
reflect a cardioembolic mechanism, their inclu-
sion remains consistent with current guideline 
recommendations for DAPT in patients without 
confirmed cardioembolism.11,12 Conversely, iso-
lated watershed infarcts in territories between the 
anterior and posterior circulation territories were 
excluded. The location of the acute infarct(s) was 
adjudicated by local senior neuroradiologists, 
who were provided with prespecified criteria. 
Neuroimaging investigations, including the 
choice of imaging modality, were conducted at 
the discretion of the treating physician. However, 
all patients included in the READAPT study 
underwent at least two brain imaging: one on 
admission and another after 24 h.

Propensity score matching
We calculated propensity scores for each patient 
using a multivariable logistic regression model 
that included prespecified variables potentially 
acting as confounders when comparing PCI and 
ACI groups: demographics (age, ethnicity), risk 
factors (arterial hypertension, diabetes, dyslipi-
demia, and smoking status), prestroke functional 
status (modified Rankin Scale, mRS), stroke 
severity (NIHSS score on admission), symptoms 
duration (<24 or ⩾24 h), presumed stroke cause, 
acute stroke treatment (intravenous thromboly-
sis, endovascular thrombectomy), DAPT charac-
teristics (loading dose, days of DAPT duration), 
type of brain neuroimaging (brain MRI per-
formed or not performed), and infarcts in the 
anterior and posterior circulation territories. PCI 
and ACI patients were matched in a 1:3 ratio, 
within 0.1 standard deviations of the logit of the 
propensity score, using greedy nearest neighbor 
matching. The quality of the matching was 
assessed by comparing the standardized differ-
ence (SD) of means and the ratio of variances 
between the propensity scores of treatment 
groups, alongside inspecting graphical distribu-
tions of propensity scores and covariates balance 
in the matched cohort.

Study outcomes
The primary effectiveness outcome was the risk of 
new ischemic stroke or other vascular events within 
90 days, including TIA, myocardial infarction, or 
death from vascular causes (stroke, systemic 

hemorrhage, myocardial infarction, congestive 
heart failure, pulmonary embolism, sudden death, 
or arrhythmias). Secondary effectiveness outcomes 
encompassed the 90-day ordinal distribution of 
the mRS scores and all-cause mortality within the 
same period, 24-h early neurological improvement 
and deterioration (⩾2 points decrease or increase 
in the NIHSS score from baseline, respectively). 
Safety outcomes included 24-h hemorrhagic trans-
formation, classified according to the Heidelberg 
bleeding classification system,22 and the 90-day 
incidence of any bleeding event, categorized based 
on the Global Utilization of Streptokinase and 
Tissue Plasminogen Activator for Occluded 
Coronary Arteries (GUSTO) classification.23 
Specifically, severe bleeding was defined as fatal 
hemorrhage, intracranial hemorrhage, or hemor-
rhage requiring blood or fluid replacement, ino-
tropic support, or surgical intervention. Moderate 
bleeding referred to events necessitating a transfu-
sion but not posing an immediate life-threatening 
risk. All other bleeding events were classified as 
minor.23

Statistical analysis
Categorical variables were reported as number 
and percentage, continuous variables as median 
and interquartile range (IQR). For the primary 
effectiveness outcomes, the time-to-event 90-day 
risk of ischemic stroke and other vascular events 
was compared using Cox regression and the cor-
responding treatment effect was presented as haz-
ard ratio (HR) and 95% confidence intervals 
(CIs). Kaplan–Meier hazard functions were used 
to compare the overall risk of primary effective-
ness outcome between patients with PCI and 
ACI and log-rank test was used to test differences. 
Furthermore, we conducted a sensitivity analysis 
excluding patients with multiple infarcts involv-
ing both anterior and posterior circulation territo-
ries to ensure the robustness of the primary 
effectiveness outcome in the matched cohorts. 
For the secondary effectiveness outcomes, the 
90-day shift of mRS scores was compared using 
an ordinal generalized linear model (GLM), and 
results were presented as odds ratio (OR) with 
95% CIs. Furthermore, we calculated risk differ-
ences (and 95% CIs) between groups for the rate 
of 24-h neurological improvement and deteriora-
tion. Cox regression was used to compare the 
90-day risk of all-cause mortality. For the safety 
outcomes, we calculated risk differences and 95% 
CIs between patients with PCI and ACI. All 
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outcomes analyses were performed also in the 
unmatched cohort. Subgroup analysis of the pri-
mary effectiveness outcome in the matched 
cohorts was performed by calculating risk differ-
ences between infarct location in 10 prespecified 
subgroups (sex (males or females), age (<65 or 
⩾65 years), NIHSS score on admission (0–5 or 
6–10), presumed stroke cause, pre-stroke mRS 
(<2 or ⩾2), history of hypertension and diabetes, 
acute reperfusion therapies, DAPT loading dose, 
presence of symptomatic intracranial stenosis). 
Lastly, we used a GLM model with infarct loca-
tion (PCI vs ACI), subgroup variable, and their 
interaction term as independent variables to 
assess the homogeneity in the effect of infarct 
location by each subgroup variable. The p value 
was presented for the interaction term. Since this 
was an exploratory analysis within an observa-
tional real-world study, no predetermined sample 
size was calculated a priori. All statistical analyses 
were performed using R software, version 4.2 (R 
Foundation for Statistical Computing, Vienna, 
Austria). Statistical significance was set at a p 
value <0.05.

Results
Overall, the READAPT study cohort included 
2278 patients. Our study analysis included 1269 
patients (median age 70, IQR 60–77), of whom 
65.7% were males. The number of patients 
excluded with reasons are reported in the study 
flow-chart (Figure 1). A total of 286 patients 
(22.5%) were classified as PCI, while the remain-
ing 983 patients (77.5%) were classified as ACI. 
Considering both admission and 24-h follow-up 
neuroimaging, brain MR was performed in 1019 
patients (80.3%), while 250 patients (19.7%) 
underwent only brain NCCT. All patients under-
went brain vessel imaging, using CT angiography 
(70.5%), MR angiography (38.8%), Doppler 
ultrasonography (13.4%), or digital subtraction 
angiography (4.6%).

We matched 281 PCI patients with 651 ACI 
patients. No missing data were present in the var-
iables used for propensity score calculation or in 
any baseline variable within both the unmatched 
and matched cohorts. Balance diagnostics con-
firmed that the samples were well-matched, with 
a standardized mean difference of propensity 
scores between groups at 0.02 (good balance 
<0.25)24 and a propensity score variance ratio of 
1.02 (good balance range: 0.5–2).24 Graphical 

analyses of propensity scores and covariate bal-
ance distributions further supported the high 
quality of the matching (Supplemental Figures 1 
and 2). Furthermore, comparisons of baseline 
characteristics confirmed the strong balance of 
the matched cohorts, with SDs of propensity 
scores remaining below 0.20 for all variables, 
except for a higher prevalence of vertebrobasilar 
artery stenosis among patients with PCI (30.6% 
vs 6.3%; SD = 0.660) and a higher frequency of 

Figure 1.  Study flow-chart.
ACI, anterior circulation infarct; DAPT, dual antiplatelet treatment; EA, 
endarterectomy; PCI, posterior circulation infarct; PSM, propensity-score matching.
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extracranial internal carotid artery stenosis among 
patients with ACI (17.7% vs 8.6%; SD = 0.273; 
Table 1).

Primary effectiveness outcome
The rate of 90-day new ischemic stroke or other 
vascular events was low and similar between 
patients with PCI and ACI (3.1% vs 2.9%, 
respectively; HR 0.98 (95% CI 0.45–2.14); 
p = 0.845; Table 2). Kaplan–Meier hazard func-
tions showed no significant differences in the 
90-day risk of ischemic stroke or other vascular 
events (long-rank test p-value: 0.850; Figure 2). 
Results of the primary effectiveness outcome 
analysis in the unmatched cohorts are reported in 
Supplemental Table 1.

Secondary effectiveness outcomes
Patients with PCI had worse 90-day ordinal mRS 
distribution compared to those with ACI (OR 1.18 
(95% CI 1.01–1.39); p = 0.046; Table 2, Figure 3). 
There were no significant differences in other sec-
ondary effectiveness outcomes. Secondary effec-
tiveness outcomes in the unmatched cohorts are 
compared in Supplemental Table 1.

Safety outcomes
The 90-day risk of safety outcomes was low in both 
patients with PCI and ACI, without significant dif-
ferences. Specifically, bleeding events occurred in 
9 patients (3.2%) with PCI and 17 patients (2.6%) 
with ACI (risk difference 0.6% (95% CI −1.8% to 
3.0%); p = 0.628). Bleeding events were predomi-
nantly minor in both groups, accounting for 88.8% 
of total bleedings in patients with PCI and 70.6% 
in those with PCI. Moderate-to-severe bleedings 
occurred in only one patient (0.4%) with PCI and 
five patients (0.8%) with ACI. There was no sig-
nificant difference in bleeding severity between 
groups (p = 0.485). The risk of 24-h hemorrhagic 
transformation was similarly low in both patients 
with PCI and ACI (1.8% vs 1.2%, risk difference 
0.6% (95% CI −1.2% to 2.3%); p = 0.540; Table 
2). Safety outcomes in the unmatched cohorts are 
compared in Supplemental Table 1.

Subgroup analysis for the primary  
effectiveness outcome
Results of subgroup analysis for the primary effec-
tiveness outcome in the matched cohorts are 

shown in Supplemental Table 2. There was no 
significant difference in the 90-day risk of new 
ischemic stroke or other vascular events between 
patients with PCI and ACI across any prespeci-
fied subgroup. Interaction analysis revealed no 
heterogeneity (Supplemental Table 2).

Sensitivity analysis for the primary 
effectiveness outcome
Our sensitivity analysis of the primary effective-
ness outcome, performed after excluding patients 
with multiple acute lesions involving both the 
anterior and posterior circulation territories, con-
firmed that the 90-day risk of new ischemic stroke 
or other vascular events did not differ between 
patients with PCI and ACI (3.0% vs 2.9%, 
respectively; HR 1.02, (95% CI 0.44–2.35); 
p = 0.968). Among patients with multiple infarcts 
involving both circulation territories, no events 
were observed in those classified as PCI, while 
two events occurred in those classified as ACI 
(0% vs 7.1%, respectively), with no statistically 
significant difference (p = 0.366).

Discussion
This propensity-matched analysis from the 
READAPT study demonstrated that patients with 
noncardioembolic mild-to-moderate ischemic 
stroke involving the posterior or anterior circula-
tion territory had a similarly low incidence of new 
ischemic events at 90 days. Notably, this finding 
remained consistent across prespecified sub-
groups supporting its applicability to diverse 
patient populations, including those with moder-
ate stroke severity and those who underwent 
acute reperfusion therapies. Additionally, no sig-
nificant differences were observed in the risk of 
24-h early neurological deterioration. However, 
patients with PCI experienced worse 90-day 
functional outcome compared to those with ACI. 
The 90-day risk of bleeding complications follow-
ing DAPT was low and did not differ based on 
the vascular territory affected by the index stroke. 
Overall, these findings further support DAPT as 
an effective and safe option for secondary stroke 
prevention in patients with mild-to-moderate 
stroke, regardless of stroke location.

Within our cohort, the incidence of new ischemic 
strokes or other vascular events at 90 days was 
similarly low in both PCI and ACI patients (2.9% 
vs 3.1%). This contrasts with a previous study 

Laura Bonanni 
Dipartimento di 
Medicina e Scienze 
dell’Invecchiamento, 
Università degli Studi 
G. d’Annunzio di Chieti-
Pescara, Chieti, Italy

Giampietro Ruzza 
Department of 
Neurology, Civil 
Hospital, Cittadella, Italy

Emanuele 
Alessandro Caggia 
Cardio-Neuro-Vascular 
Department, Neurology 
Unit, Giovanni Paolo II 
Hospital, Ragusa, Italy

Monia Russo 
Department of 
Neurology, St 
Misericordia Hospital, 
Rovigo, Italy

Agnese Tonon 
Department of 
Neurology, Ospedale 
Civile SS. Giovanni e 
Paolo, Venezia, Italy

Maria Cristina Acciarri 
Department of 
Neurology, A. Murri 
Fermo Hospital, Fermo, 
Italy

Sabrina Anticoli 
Stroke Unit, Azienda 
Ospedaliera San Camillo 
Forlanini, Rome, Italy

Cinzia Roberti 
Department of 
Neurology, San Filippo 
Neri Hospital, Rome, 
Italy

Gaspare Scaglione 
Department of 
Neurology, General 
Regional Hospital “F. 
Miulli,” Acquaviva delle 
Fonti, Italy

Alberto Fortini 
Internal Medicine 
and Stroke Unit, San 
Giovanni di Dio Hospital, 
Firenze, Italy 

Antonella De Boni 
Department of 
Neuroscience, San 
Bortolo Hospital, 
Vicenza, Italy

Alessandra Sanna 
Stroke Unit, AOU 
Sassari, Sassari, Italy

Alberto Chiti 
Neurology Unit, Apuane 
Hospital, Massa Carrara, 
Italy

Leonardo Barbarini 
Marcella Caggiula 
Department of 
Neurology, Vito Fazzi 
Hospital, Lecce, Italy

Maela Masato 
Department of 
Neurology, Mirano 
Hospital, Mirano, Italy

https://journals.sagepub.com/home/tan


F De Santis, R Ornello et al.

journals.sagepub.com/home/tan	 7

Table 1.  Baseline characteristics of the unmatched and matched cohorts.

Variables Unmatched cohorts Matched cohorts

PCI (n = 286) ACI (n = 983) Standardized 
differencea

PCI (n = 281) ACI (n = 651) Standardized 
differencea

Demographics

  Sex—males, n (%) 197 (68.9) 597 (64.8) 0.087 194 (69.0) 432 (66.4) 0.057

  Age, median (IQR) 68 (59–75) 70 (61–78) 0.140 68 (59–75) 69 (59–77) 0.066

  Ethnicity, n (%) 0.116 0.065

    Non-Hispanic White 274 (95.8) 960 (97.7) 270 (96.1) 631 (96.9)  

    Hispanic White 2 (0.7) 6 (0.6) 2 (0.7) 4 (0.6)  

    Black 6 (2.1) 12 (1.2) 5 (1.8) 11 (1.7)  

    Other 4 (1.4) 5 (0.5) 4 (1.4) 5 (0.8)  

Clinical characteristics

  NIHSS on admission, median (IQR) 2 (1–4) 3 (2–4) 0.116 2 (1–4) 3 (2–4) 0.107

  NIHSS ⩽5 on admission, n (%) 257 (89.9) 875 (89.0) 0.028 254 (90.4) 581 (89.2) 0.038

  NIHSS 6–10 on admission, n (%) 29 (10.1) 108 (11.0) 27 (9.6) 70 (10.8)

  mRS score category, n (%) 0.169 0.062

    No symptoms (score of 0), n (%) 226 (79.0) 813 (82.7) 225 (80.1) 526 (80.8)

  �  Symptoms without any disability (score  
of 1), n (%)

42 (14.7) 102 (10.4) 38 (13.5) 77 (11.8)

  �  Symptoms with mild disability (score of 2), n (%) 12 (4.2) 37 (3.8) 12 (4.3) 31 (4.8)

  �  Symptoms with mild-to-moderate disability 
(score of 3), n (%)

6 (2.1) 26 (2.6) 6 (2.1) 17 (2.6)

  �  Symptoms with moderate-to-severe disability 
(score of 4), n (%)

0 (0.0) 4 (0.4) 0 (0.0) 0 (0.0)

    Symptoms with severe disability (score of 5), n (%) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0)

  Symptoms duration <24 h, n (%) 17 (5.9) 153 (15.6) 0.314 17 (6.0) 44 (6.8) 0.029

  Symptoms duration ⩾24 h, n (%) 269 (94.1) 830 (84.4) 264 (94.0) 607 (93.2)

  Presumed stroke cause, n (%)b 0.218 0.105

    Undetermined 105 (36.7) 374 (38.0) 105 (37.4) 240 (36.9)

    Small artery occlusion 82 (28.7) 337 (34.3) 82 (29.2) 217 (33.3)

    Large artery atherosclerosis 86 (30.1) 209 (21.3) 81 (28.8) 163 (25.0)

    Other determined cause 13 (4.5) 63 (6.4) 13 (4.6) 31 (4.8)

  Prestroke risk factors

    Arterial hypertension, n (%)c 223 (78.0) 776 (78.9) 0.024 219 (77.9) 509 (78.2) 0.060

    Dyslipidemia, n (%)d 190 (66.4) 600 (61.0) 0.112 186 (66.2) 414 (63.6) 0.054

(Continued)
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Table 1.  (Continued)

Variables Unmatched cohorts Matched cohorts

PCI (n = 286) ACI (n = 983) Standardized 
differencea

PCI (n = 281) ACI (n = 651) Standardized 
differencea

    Diabetes mellitus, n (%)e 84 (29.4) 243 (24.7) 0.105 79 (28.1) 172 (26.4) 0.038

    Current smoking, n (%)f 146 (51.0) 460 (46.8) 0.085 141 (50.2) 330 (50.7) 0.010

    Previous TIA/ischemic stroke, n (%) 48 (16.8) 159 (16.2) 0.016 47 (16.7) 110 (16.9) 0.005

    Previous intracerebral hemorrhage, n (%) 1 (0.3) 7 (0.7) 0.050 1 (0.4) 6 (0.9) 0.071

  Hyperacute treatment, n (%)

    Intravenous thrombolysis, n (%) 32 (11.2) 205 (20.9) 0.226 32 (11.4) 95 (14.6) 0.095

    Endovascular thrombectomy, n (%) 4 (1.4) 27 (2.7) 0.095 4 (1.4) 10 (1.5) 0.009

  Therapy on admission, n (%)

    Single antiplatelet treatment, n (%)

      Aspirin 86 (30.1) 306 (31.1) 0.023 85 (30.2) 196 (30.1) 0.003

      Clopidogrel 9 (3.1) 58 (5.9) 0.133 9 (3.2) 33 (5.1) 0.094

      Ticagrelor 0 (0.0) 2 (0.2) 0.064 0 (0.0) 2 (0.3) 0.079

    Antihypertensive drugs, n (%) 174 (60.8) 622 (63.3) 0.050 172 (61.2) 410 (63.0) 0.036

    Lipid-lowering drugs, n (%) 80 (28.0) 278 (28.3) 0.007 78 (27.8) 178 (27.3) 0.009

    Antidiabetics, n (%) 71 (24.8) 193 (19.6) 0.125 68 (24.2) 136 (20.9) 0.079

DAPT characteristics

  Type of DAPT, n (%) 0.024 0.037

    Aspirin + clopidogrel 285 (99.7) 978 (99.5) 280 (99.6) 577 (99.4)  

    Aspirin + ticagrelor 1 (0.3) 5 (0.5) 1 (0.4) 4 (0.6)  

  Days of DAPT, median (IQR) 30 (21–90) 21 (21–45) 0.299 0.138

  Loading dose, n (%) 161 (56.3) 545 (55.4) 0.017 159 (56.6) 380 (58.4) 0.036

  Therapy on discharge

    Antihypertensive drugs, n (%) 235 (82.2) 811 (82.5) 0.009 231 (82.2) 536 (82.3) 0.003

    Lipid-lowering drugs, n (%) 255 (89.2) 870 (88.5) 0.021 251 (89.3) 578 (88.8) 0.017

    Antidiabetics, n (%) 82 (28.7) 260 (26.4) 0.050 77 (27.4) 183 (28.1) 0.016

  Type of antiplatelet continued after DAPT 0.087 0.099

    Aspirin, n (%) 174 (60.8) 637 (64.9) 170 (60.5) 425 (65.3)  

    Clopidogrel, n (%) 104 (36.4) 324 (33.0) 103 (36.7) 210 (32.3)  

  Brain neuroimaging (admission and 24-h poststroke)

    Brain MR performed, n (%) 251 (87.8) 768 (78.1) 0.258 246 (87.5) 553 (84.9) 0.075

    No. of infarcts at brain imaging—median (IQR) 2 (2–3) 2 (2–3) 0.001 0.007

(Continued)
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Variables Unmatched cohorts Matched cohorts

PCI (n = 286) ACI (n = 983) Standardized 
differencea

PCI (n = 281) ACI (n = 651) Standardized 
differencea

  �  Infarcts in both anterior and posterior circulation 
territories, n (%)

10 (3.5) 61 (6.2) 0.126 10 (3.6) 28 (4.3) 0.038

  Brain vessel neuroimaging

    Brain vessel CTA performed, n (%) 203 (71.0) 691 (70.3) 0.015 198 (70.5) 453 (69.6) 0.019

    Brain vessel MRA performed, n (%) 134 (46.9) 359 (36.5) 0.211 133 (47.3) 261 (40.1) 0.146

    Brain vessel Doppler US performed, n (%) 30 (10.5) 140 (14.2) 0.096 30 (10.7) 88 (13.5) 0.081

    Brain vessel digital subtraction angiography, n (%) 15 (5.2) 43 (4.4) 0.041 14 (5.0) 24 (3.7) 0.064

    Extracranial internal carotid artery stenosis, n (%)g 25 (8.7) 152 (15.5) 0.207 24 (8.5) 115 (17.7) 0.273

    Vertebrobasilar artery stenosis, n (%)h 89 (31.1) 59 (6.0) 0.685 86 (30.6) 41 (6.3) 0.660

    Symptomatic intracranial vessel stenosis, n (%)i 59 (20.6) 131 (13.3) 0.195 55 (19.6) 99 (15.2) 0.115

Standardized differences >0.20 are reported in bold.
aA standardized difference (of means) <0.20 indicates that groups are well balanced.
bPresumed stroke cause was classified according to the TOAST classification system.
cArterial hypertension was defined as a history of blood pressure >140/90 mmHg or the current use of antihypertensive medications.
dDyslipidemia was defined as history of total blood cholesterol levels >220 mg/dL and/or total triglycerides levels >130 mg/dL and/or current used 
lipid-lowering drugs.
eDiabetes mellitus was defined as history of fasting glucose >126 mg/dL or the current use of hypoglycemic medications.
fCurrent smoking was defined as the consumption of ⩾1 cigarette per day over the last year.
gExtracranial internal carotid artery stenosis was defined as 50%–99% stenosis or occlusion of the extracranial internal carotid artery, according to 
the ECST criteria.
hVertebrobasilar artery stenosis was defined as 50%–99% stenosis or occlusion of the vertebral or basilar artery.
iSymptomatic intracranial arterial stenosis was defined as 50%–99% stenosis or occlusion of the artery supplying the infarcted territory.
ACI, anterior circulation infarct; CTA, computed tomography angiography; DAPT, dual antiplatelet therapy; ECST, European Carotid Surgery Trial 
stenosis; IQR, interquartile range; MR, magnetic resonance imaging; MRA, magnetic resonance angiography; mRS, modified Rankin Scale; NIHSS, 
National Institute of Health Stroke Scale; PCI, posterior circulation infarct; TIA, transient ischemic attack; TOAST, Trial of Org 10172 in the Acute 
Stroke Treatment; US, ultrasonography.

Table 1.  (Continued)

suggesting a higher risk of stroke recurrence in 
minor stroke or TIA patients with PCI compared 
to those with ACI.8 However, the study included 
patients with milder symptoms, and not all 
received DAPT, as it predated its routine use.8 
Additionally, the time from symptom onset to 
treatment was not specified, introducing potential 
inconsistencies.8 A recent secondary analysis 
CHANCE-2 trial found no difference in the risk 
of 90-day stroke recurrence between PCI and 
ACI patients with minor stroke or TIA treated 
with aspirin plus clopidogrel or ticagrelor,16 align-
ing with our findings. However, the rate of new 
ischemic events was consistently higher compared 
to our population both in patients with PCI 
(8.3%) and ACI (7.4%).16 The observed 

effectiveness of DAPT in reducing the risk of new 
ischemic stroke in our cohort may appear greater 
than that reported in the CHANCE-2 trial.16 
This discrepancy could be attributed to differ-
ences in baseline risk profiles, such as the pre-
dominance of Asian patients (>95% in the 
CHANCE-2 trial),16 who are known to have a 
higher risk of vascular recurrences compared to 
European patients.25 Additionally, optimal con-
trol of comorbidities may have further contrib-
uted to the reduced incidence of new vascular 
events in our population, as more than 80% of 
patients were discharged on concomitant therapy 
targeting vascular risk factors. Furthermore, the 
relatively low prevalence of vertebrobasilar steno-
sis among PCI patients in our population (30.6%) 
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Table 2.  Outcomes comparison in the matched cohort.

Outcomes PCI (n = 281) ACI (n = 651) Treatment effect 
metric (PCI vs ACI)

Treatment difference 
(95% CI)

p Value

Primary effectiveness outcome

 � 90-day new ischemic stroke or other vascular 
events, n (%)

8 (2.9) 20 (3.1) Hazard ratio 0.92 (0.40–2.09) 0.845

Secondary effectiveness outcomes

  90-day mRS score distribution Odds ratio 1.18 (1.01–1.39) 0.046

    No symptoms (score of 0), n (%) 112 (39.9) 318 (48.8)

    Symptoms without any disability (score of 1), n (%) 93 (33.1) 180 (27.6)

    Symptoms with mild disability (score of 2), n (%) 42 (15.0) 85 (13.1)

  �  Symptoms with mild-to-moderate disability 
(score of 3), n (%)

24 (8.5) 49 (7.5)

  �  Symptoms with moderate-to-severe disability 
(score of 4), n (%)

5 (1.8) 13 (2.0)

    Symptoms with severe disability (score of 5), n (%) 1 (0.4) 2 (0.3)

    Death (score of 6), n (%) 4 (1.4) 4 (0.6)

  24-Hour early neurological improvement, n (%) 52 (18.5) 156 (24.0) Risk difference (%) −5.6 (−11.0 to 0.1) 0.055

  24-Hour early neurological deterioration, n (%) 13 (4.6) 26 (4.0) Risk difference (%) 0.6 (−2.2 to 3.5) 0.667

  90-day all-cause death, n (%) 4 (1.4) 4 (0.6) Hazard ratio 2.34 (0.58–9.33) 0.237

Safety outcomes

  90-day any bleedings, n (%) 9 (3.2) 17 (2.6) Risk difference (%) 0.6 (−1.8 to 3.0) 0.628

  24-h hemorrhagic transformation, n (%) 5 (1.8) 8 (1.2) Risk difference (%) 0.6 (−1.2 to 2.3) 0.540

Statistically significant p values (<0.05) are reported in bold.
ACI, anterior circulation infarct; CI, confidence interval; mRS, modified Rankin Scale; PCI, posterior circulation infarct.

may have influenced the results, as this condition 
is known to be associated with a higher risk of 
recurrent ischemic events.8

For the secondary effectiveness outcomes, we 
observed a worse distribution of 90-day mRS 
scores among PCI versus ACI patients, consist-
ent with previous studies.9,10 Patients with PCI 
often experience strokes involving critical brain-
stem structures, the cerebellum, or the thalamus, 
which can lead to disabling symptoms such as 
ataxia, dysphagia, dysarthria, or ocular move-
ment abnormalities. These deficits, even in the 
absence of significant motor impairment, may 
contribute to a worse functional outcome at 
90 days despite similar ischemic event rates.26 

Notably, while patients with PCI had significantly 
worse 90-day mRS scores than those with ACI in 
the unmatched cohort (Supplemental Table 1), 
this difference was attenuated after matching, 
remaining marginally significant (p = 0.046). 
Thus, we cannot rule out that this residual differ-
ence was due to unmeasured confounders. 
Conversely, the observed rate of early neurological 
deterioration was similarly low in both patients 
with PCI and ACI (4.6% vs 4.0%). This finding 
aligns with prior evidence suggesting that early 
DAPT may be effective in preventing thrombus 
propagation in atheromatous branches during 
the acute phase, even in patients with PCI, which 
are more prone to early deterioration (reported 
rates ranging from 10.3% to 28.6%)7,27 due to 
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Figure 2.  Kaplan–Meier hazard function of 90-day new ischemic stroke or other vascular events. Dashed lines 
indicate 95% confidence intervals.
ACI, anterior circulation infarct; PCI, posterior circulation infarct.

Figure 3.  90-Day modified Rankin Scale scores distribution.
ACI, anterior circulation infarct; CI, confidence interval; mRS, modified Rankin Scale score; OR, odds ratio (PCI vs ACI); PCI, 
posterior circulation infarct.
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limited collateral circulation, increased suscepti-
bility to branch atheromatous disease, and 
greater hemodynamic vulnerability of posterior 
circulation penetrating arteries in respect to those 
supplying anterior brain territories. On the other 
hand, a post hoc analysis of the ATAMIS trial 
suggested that DAPT may be more effective in 
reducing the risk of early neurological deteriora-
tion in patients with mild-to-moderate posterior 
circulation stroke compared to those with ante-
rior circulation involvement.17 However, early 
neurological deterioration was assessed over a 
longer time window (up to 7 days), and there 
were differences in the distribution of stroke 
causes, including a higher proportion of patients 
with undetermined etiology (>50%).17

For the safety outcomes, the overall incidence of 
90-day bleeding events and 24-h hemorrhagic 
transformation was low across our study popula-
tion, consistent with findings from DAPT land-
mark trials.13–15 Notably, the majority of bleeding 
events (>70%) were mild in severity in both PCI 
and ACI patients. This result indicates a consist-
ent and favorable safety profile for DAPT across 
different infarct locations, with no evidence of 
varying intracerebral bleeding risk between PCI 
and ACI patients.

Lastly, we observed no significant differences in 
the risk of new ischemic events between PCI and 
ACI patients across subgroups stratified by sex, 
age, presumed stroke etiology, stroke severity, 
prestroke mRS, hypertension, diabetes, acute 
reperfusion therapies, DAPT loading dose, or 
the presence of symptomatic intracranial steno-
sis. This finding suggests that patients with non-
cardioembolic mild-to-moderate stroke may 
derive similar benefits from early DAPT, regard-
less of whether the infarct affects brain areas sup-
plied by the anterior or posterior circulation, 
across key clinical and demographic subgroups. 
In particular, the absence of a significant risk dif-
ference between PCI and ACI patients with mild 
(NIHSS 0–5) or moderate (NIHSS 6–10) stroke 
severity reinforces previous evidence supporting 
DAPT as an effective treatment option also  
for moderate stroke patients,20,28 which were 
excluded from pivotal DAPT trials,13–15 suggest-
ing that its effectiveness might not be influenced 
by the affected vascular territory, even in this 
specific patient population.

Strengths and limitations
The main strengths of this study lie in the adop-
tion of rigorous procedures to ensure data quality, 
reinforced by regular quality checks of the 
READAPT electronic database, and the imple-
mentation of propensity score matching to con-
trol for confounders. However, we cannot rule 
out residual confounding. Although all patients 
underwent at least one brain neuroimaging at 
admission and one after 24 h, a proportion of 
patients (19.7%) underwent only brain NCCT. 
Therefore, we cannot rule out that some brain 
infarcts, particularly small lesions or those in 
the posterior circulation, have gone undetected 
due to the use of NCCT alone, which has lower 
sensitivity compared to MR. This may have led 
to patient exclusion, misclassification, or under-
estimation of the number of acute infarcts. 
Specifically, if any lesions were missed, it is pos-
sible that some patients actually had multiple 
infarcts potentially indicative of an underlying 
cardioembolic source. Nevertheless, brain MR 
was performed at admission or after 24 h in the 
majority of the patients who were excluded due to 
negative neuroimaging (84.6%). Also, to account 
for this potential confounder, we matched patients 
with PCI and ACI based on the type of brain neu-
roimaging performed. Similarly, patients with 
multiple acute infarcts involving both circulations 
were categorized according to a symptom-based 
approach. Nonetheless, we cannot completely 
exclude the possibility that some of these patients 
had mixed symptomatology that was not fully 
captured. However, this potential source of mis-
classification was accounted for in the matching 
process, and these cases represented only a small 
proportion (4.8%) of the total study population. 
Moreover, we performed a sensitivity analysis by 
excluding these patients, yielding consistent 
results with the overall study analysis. Another 
limitation was the use of the NIHSS score, which 
is known to underestimate the severity of poste-
rior circulation strokes.29 This may have led to an 
imbalance between groups that was not fully 
addressed by propensity score matching. Since 
stroke severity is a strong predictor of long-term 
functional outcomes,30 any mismatch in actual 
severity between groups could have influenced 
the comparison of 90-day mRS scores. However, 
given that we observed a worse 90-day mRS score 
distribution in patients with PCI versus ACI, this 
limitation likely impacted the magnitude of this 
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finding rather than its overall direction. 
Additionally, outcomes adjudication was per-
formed by local investigators who were not 
blinded to the infarct location, which may have 
biased the assessment of some outcomes, such as 
the 90-day mRS score. Notably, the READAPT 
study included a short-term follow-up of 90 days, 
in line with pivotal DAPT trials13–15; however, 
this follow-up period may have been too short to 
detect differences in outcomes following DAPT 
between PCI and ACI patients. Longer-term fol-
low-up studies are needed to confirm whether the 
absence of a significant difference in the risk of 
new ischemic stroke and major bleeding events 
after DAPT persists beyond the 90-day follow-up 
period. Furthermore, patients who discontinued 
DAPT early due to the need for anticoagulation 
were excluded from this analysis. Although this 
group represented only 1.9% of the initial 
READAPT population (Figure 1), their 90-day 
outcomes were not recorded, preventing an 
assessment of the impact of transitioning from 
DAPT to anticoagulation on outcomes. Lastly, 
our cohort was predominantly composed of non-
Hispanic White patients, which may significantly 
limit the generalizability of our findings to other 
ethnic groups.

Conclusion
In conclusion, our findings suggest that effective-
ness and safety outcomes following DAPT in 
patients with mild-to-moderate noncardioem-
bolic ischemic stroke remain consistent across 
infarct locations in the posterior or anterior circu-
lation territories. This supports the broad appli-
cability of DAPT as a secondary prevention 
strategy in both stroke subtypes. However, 
patients with PCI may experience worse short-
term functional outcomes after DAPT compared 
to those with ACI, potentially reflecting the inher-
ently poorer functional prognosis associated with 
this stroke subtype. This underscores the impor-
tance of tailored rehabilitation strategies to 
enhance recovery in PCI patients.

Author’s note
READPT study group names are reported in the 
Appendix at the end of the manuscript.

Declarations

Ethics approval and consent to participate
The READAPT study (Real Life Study on Short-
Term Dual Antiplatelet Treatment in Patients 
with Ischemic Stroke and Transient Ischemic 
Attack) was approved by the University of 
L’Aquila Internal Review Board (03/2021). All 
patients gave written informed consent for being 
included in the study in accordance with the 
Declaration of Helsinki.

Consent for publication
Not applicable.

Author contributions
Federico De Santis: Conceptualization; 
Investigation; Methodology; Writing – original 
draft; Writing – review & editing.

Raffaele Ornello: Conceptualization; Inves
tigation; Methodology; Project administration; 
Supervision; Writing – original draft; Writing – 
review & editing.

Eleonora De Matteis: Conceptualization; 
Investigation; Project administration; Writing – 
original draft; Writing – review & editing.

Lucio D’Anna: Investigation; Writing – original 
draft; Writing – review & editing.

Michele Romoli: Investigation; Writing –  
original draft; Writing – review & editing.

Tiziana Tassinari: Investigation; Writing – 
original draft; Writing – review & editing.

Valentina Saia: Investigation; Writing – original 
draft; Writing – review & editing.

Silvia Cenciarelli: Investigation; Writing –  
original draft; Writing – review & editing.

Chiara Bedetti: Investigation; Writing – original 
draft; Writing – review & editing.

Chiara Padiglioni: Investigation; Writing – 
original draft; Writing – review & editing.

Bruno Censori: Investigation; Writing – original 
draft; Writing – review & editing.

Valentina Puglisi: Investigation; Writing –  
original draft; Writing – review & editing.

https://journals.sagepub.com/home/tan


Therapeutic Advances in 
Neurological Disorders Volume 18

14	 journals.sagepub.com/home/tan

Luisa Vinciguerra: Investigation; Writing – 
original draft; Writing – review & editing.

Maria Guarino: Investigation; Writing –  
original draft; Writing – review & editing.

Valentina Barone: Investigation; Writing – 
original draft; Writing – review & editing.

Marialuisa Zedde: Investigation; Writing – 
original draft; Writing – review & editing.

Ilaria Grisendi: Investigation; Writing – original 
draft; Writing – review & editing.

Marina Diomedi: Investigation; Writing –  
original draft; Writing – review & editing.

Maria Rosaria Bagnato: Investigation; Writing 
– original draft; Writing – review & editing.

Marco Petruzzellis: Investigation; Writing – 
original draft; Writing – review & editing.

Domenico Maria Mezzapesa: Investigation; 
Writing – original draft; Writing – review & editing.

Vincenzo Inchingolo: Investigation; Writing – 
original draft; Writing – review & editing.

Manuel Cappellari: Investigation; Writing – 
original draft; Writing – review & editing.

Cecilia Zivelonghi: Investigation; Writing – 
original draft; Writing – review & editing.

Paolo Candelaresi: Investigation; Writing – 
original draft; Writing – review & editing.

Vincenzo Andreone: Investigation; Writing – 
original draft; Writing – review & editing.

Giuseppe Rinaldi: Investigation; Writing –  
original draft; Writing – review & editing.

Alessandra Bavaro: Investigation; Writing – 
original draft; Writing – review & editing.

Anna Cavallini: Investigation; Writing –  
original draft; Writing – review & editing.

Maria Grazia Piscaglia: Investigation; Writing 
– original draft; Writing – review & editing.

Valeria Terruso: Investigation; Writing –  
original draft; Writing – review & editing.

Marina Mannino: Investigation; Writing –  
original draft; Writing – review & editing.

Alessandro Pezzini: Investigation; Writing – 
original draft; Writing – review & editing.

Giovanni Frisullo: Investigation; Writing – 
original draft; Writing – review & editing.

Francesco Muscia: Investigation; Writing – 
original draft; Writing – review & editing.

Maurizio Paciaroni: Investigation; Writing – 
original draft; Writing – review & editing.

Maria Giulia Mosconi: Investigation; Writing 
– original draft; Writing – review & editing.

Andrea Zini: Investigation; Writing – original 
draft; Writing – review & editing.

Ruggiero Leone: Investigation; Writing –  
original draft; Writing – review & editing.

Carmela Palmieri: Investigation; Writing – 
original draft; Writing – review & editing.

Letizia Maria Cupini: Investigation; Writing – 
original draft; Writing – review & editing.

Michela Marcon: Investigation; Writing –  
original draft; Writing – review & editing.

Rossana Tassi: Investigation; Visualization; 
Writing – original draft.

Enzo Sanzaro: Investigation; Writing – original 
draft; Writing – review & editing.

Giuli Papiri: Investigation; Writing – original 
draft; Writing – review & editing.

Giovanna Viticchi: Investigation; Writing – 
original draft; Writing – review & editing.

Daniele Orsucci: Investigation; Writing –  
original draft; Writing– review & editing.

Anne Falcou: Investigation; Writing – original 
draft; Writing – review & editing.

Simone Beretta: Investigation; Writing –  
original draft; Writing – review & editing.

Roberto Tarletti: Investigation; Writing –  
original draft; Writing – review & editing.

Patrizia Nencini: Investigation; Writing –  
original draft; Writing – review & editing.

Eugenia Rota: Investigation; Writing – original 
draft; Writing – review & editing.

Federica Nicoletta Sepe: Investigation; Writing 
– original draft; Writing – review & editing.

Delfina Ferrandi: Investigation; Writing –  
original draft; Writing – review & editing.

https://journals.sagepub.com/home/tan


F De Santis, R Ornello et al.

journals.sagepub.com/home/tan	 15

Luigi Caputi: Investigation; Writing – original 
draft; Writing – review & editing.

Gino Volpi: Investigation; Writing – original 
draft; Writing – review & editing.

Salvatore La Spada: Investigation; Writing – 
original draft; Writing – review & editing.

Mario Beccia: Investigation; Writing – original 
draft; Writing – review & editing.

Claudia Rinaldi: Investigation; Writing –  
original draft; Writing – review & editing.

Vincenzo Mastrangelo: Investigation; Writing 
– original draft; Writing – review & editing.

Francesco Di Blasio: Investigation; Writing – 
original draft; Writing – review & editing.

Paolo Invernizzi: Investigation; Writing –  
original draft; Writing – review & editing.

Giuseppe Pelliccioni: Investigation; Writing – 
original draft; Writing – review & editing.

Maria Vittoria De Angelis: Investigation; 
Writing – original draft; Writing – review & 
editing.

Laura Bonanni: Investigation; Writing –  
original draft; Writing – review & editing.

Giampietro Ruzza: Investigation; Writing – 
original draft; Writing – review & editing.

Emanuele Alessandro Caggia: Investigation; 
Writing – original draft; Writing – review & 
editing.

Monia Russo: Investigation; Writing – original 
draft; Writing – review & editing.

Agnese Tonon: Investigation; Writing – original 
draft; Writing – review & editing.

Maria Cristina Acciarri: Investigation; Writing 
– original draft; Writing – review & editing.

Sabrina Anticoli: Investigation; Writing – origi-
nal draft; Writing – review & editing.

Cinzia Roberti: Investigation; Writing – original 
draft; Writing – review & editing.

Gaspare Scaglione: Investigation; Writing – 
original draft; Writing – review & editing.

Francesca Pistoia: Investigation; Writing – 
original draft; Writing – review & editing.

Alberto Fortini: Investigation; Writing –  
original draft; Writing – review & editing.

Antonella De Boni: Investigation; Writing – 
original draft; Writing – review & editing.

Alessandra Sanna: Investigation; Writing – 
original draft; Writing – review & editing.

Alberto Chiti: Investigation; Writing – original 
draft; Writing – review & editing.

Leonardo Barbarini: Investigation; Writing – 
original draft; Writing – review & editing.

Marcella Caggiula: Investigation; Writing – 
original draft; Writing – review & editing.

Maela Masato: Investigation; Writing – original 
draft; Writing – review & editing.

Massimo Del Sette: Investigation; Writing – 
original draft; Writing – review & editing.

Francesco Passarelli: Investigation; Writing – 
original draft; Writing – review & editing.

Maria Roberta Bongioanni: Investigation; 
Writing – original draft; Writing – review & 
editing.

Manuela De Michele: Investigation; Writing – 
original draft; Writing – review & editing.

Stefano Ricci: Investigation; Writing – original 
draft; Writing – review & editing.

Simona Sacco: Conceptualization; Investigation; 
Project administration; Supervision; Writing – 
original draft; Writing – review & editing.

Matteo Foschi: Data curation; Formal analysis; 
Investigation; Methodology; Writing – original 
draft; Writing – review & editing.

Acknowledgments
None.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
Dr M.G.Piscaglia reports grants from Sanofi 
Genzyme; grants from Roche Health Solutions 
Inc.; grants from Novartis Pharma; grants from 
Biogen; and grants from Merck Company 
Foundation. Dr M.Paciaroni reports compensa-
tion from Boehringer Ingelheim for other ser-
vices; compensation from Pfizer Canada Inc. for 
other services; compensation from Bristol-Myers 
Squibb for other services; compensation from 

https://journals.sagepub.com/home/tan


Therapeutic Advances in 
Neurological Disorders Volume 18

16	 journals.sagepub.com/home/tan

iRhythm Technologies for other services; com-
pensation from Sanofi-Aventis U.S. LLC for 
other services; and compensation from Daiichi 
Sankyo Europe GmbH for other services. Dr 
A.Zini reports compensation from Bayer 
Healthcare for other services; compensation from 
Boehringer Ingelheim for consultant services; 
compensation from Alexion Pharmaceuticals for 
consultant services; and compensation from CSL 
Behring for consultant services. Dr R.Ornello 
reports grants from Novartis; compensation from 
Teva Pharmaceutical Industries for other ser-
vices; compensation from AbbVie for data and 
safety monitoring services; compensation from 
Teva Pharmaceutical Industries for other ser-
vices; compensation from Eli Lilly and Company 
for other services; compensation from Novartis 
for other services; compensation from H. 
Lundbeck A S for other services; compensation 
from Eli Lilly for data and safety monitoring ser-
vices; grants from Pfizer; grants from Allergan; 
travel support from Teva Pharmaceutical 
Industries; and compensation from Teva 
Pharmaceutical Industries for consultant services. 
Dr S.Sacco reports compensation from Novartis 
for other services; compensation from Novo 
Nordisk for consultant services; compensation 
from Boehringer Ingelheim for consultant ser-
vices; compensation from Teva Pharmaceutical 
Industries for consultant services; compensation 
from Allergan for consultant services; employ-
ment by Università degli Studi dell’Aquila; com-
pensation from Novartis for consultant services; 
compensation from Allergan for consultant ser-
vices; compensation from Pfizer Canada Inc. for 
consultant services; compensation from Abbott 
Canada for consultant services; compensation 
from H. Lundbeck A S for consultant services; 
compensation from AstraZeneca for consultant 
services; and compensation from Eli Lilly and 
Company for consultant services. The other 
authors report no conflicts.

Availability of data and materials
The complete dataset used for this study will be 
shared upon request from any qualified researcher 
to the corresponding author.

ORCID iDs
Marialuisa Zedde  https://orcid.org/0000- 
0001-7530-818X

Andrea Zini  https://orcid.org/0000-0003- 
1486-4507

Francesca Pistoia  https://orcid.
org/0000-0003-0790-4240

Matteo Foschi  https://orcid.
org/0000-0002-0321-7155

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Tsao CW, Aday AW, Almarzooq ZI, et al. Heart 

disease and stroke statistics-2023 update: a report 
from the American Heart Association. Circulation 
2023; 147(8): e93–e621.

	 2.	 Markus HS, van der Worp HB and Rothwell 
PM. Posterior circulation ischaemic stroke 
and transient ischaemic attack: diagnosis, 
investigation, and secondary prevention. Lancet 
Neurol 2013; 12: 989–998.

	 3.	 Merwick A and Werring D. Posterior circulation 
ischaemic stroke. BMJ 2014; 348: g3175.

	 4.	 Caplan LR, Wityk RJ, Glass TA, et al. New 
England medical center posterior circulation 
registry. Ann Neurol 2004; 56: 389–398.

	 5.	 Kim JS, Nah HW, Park SM, et al. Risk factors 
and stroke mechanisms in atherosclerotic stroke: 
intracranial compared with extracranial and 
anterior compared with posterior circulation 
disease. Stroke 2012; 43: 3313–3318.

	 6.	 Hoyer C and Szabo K. Pitfalls in the diagnosis 
of posterior circulation stroke in the emergency 
setting. Front Neurol 2021; 12: 682827.

	 7.	 Li H, Zhang JT, Zheng Y, et al. Risk factors 
and prognosis of early neurological deterioration 
in patients with posterior circulation cerebral 
infarction. Clin Neurol Neurosurg 2023; 228: 
107673.

	 8.	 Marquardt L, Kuker W, Chandratheva A, 
et al. Incidence and prognosis of > or =50% 
symptomatic vertebral or basilar artery stenosis: 
prospective population-based study. Brain 2009; 
132: 982–988.

	 9.	 Tao WD, Liu M, Fisher M, et al. Posterior versus 
anterior circulation infarction: how different 
are the neurological deficits? Stroke 2012; 43: 
2060–2065.

	10.	 Zurcher E, Richoz B, Faouzi M, et al. Differences 
in ischemic anterior and posterior circulation 
strokes: a clinico-radiological and outcome 

https://journals.sagepub.com/home/tan
https://orcid.org/0000-0001-7530-818X
https://orcid.org/0000-0001-7530-818X
https://orcid.org/0000-0003-1486-4507
https://orcid.org/0000-0003-1486-4507
https://orcid.org/0000-0003-0790-4240
https://orcid.org/0000-0003-0790-4240
https://orcid.org/0000-0002-0321-7155
https://orcid.org/0000-0002-0321-7155


F De Santis, R Ornello et al.

journals.sagepub.com/home/tan	 17

analysis. J Stroke Cerebrovasc Dis 2019; 28: 
710–718.

	11.	 Kleindorfer DO, Towfighi A, Chaturvedi S, et al. 
2021 Guideline for the prevention of stroke in 
patients with stroke and transient ischemic attack: 
a guideline from the American Heart Association/
American Stroke Association. Stroke 2021; 52(7): 
e364–e467.

	12.	 Dawson J, Béjot Y, Christensen LM, et al. 
European Stroke Organisation (ESO) guideline 
on pharmacological interventions for long-term 
secondary prevention after ischaemic stroke or 
transient ischaemic attack. Eur Stroke J 2022; 
7(3): I–II.

	13.	 Wang Y, Wang Y, Zhao X, et al. Clopidogrel 
with aspirin in acute minor stroke or transient 
ischemic attack. N Engl J Med 2013; 369: 11–19.

	14.	 Johnston SC, Easton JD, Farrant M, et al. 
Clopidogrel and aspirin in acute ischemic stroke 
and high-risk TIA. N Engl J Med 2018; 379: 
215–225.

	15.	 Johnston SC, Amarenco P, Denison H, et al. 
Ticagrelor and aspirin or aspirin alone in acute 
ischemic stroke or TIA. N Engl J Med 2020; 383: 
207–217.

	16.	 Liu H, Jing J, Wang A, et al. Stroke recurrence 
and antiplatelets in posterior versus anterior 
circulation minor stroke or transient ischemic 
attack. Stroke 2023; 54(4): 964–972.

	17.	 Cui Y, Wang Y-H, Kong X-R, et al. Early 
neurologic deterioration and efficacy of dual 
antiplatelet in anterior versus posterior circulation 
stroke. J Am Heart Assoc 2025; 14(3): e037268.

	18.	 Ornello R, Foschi M, De Santis F, et al. 
Combining intravenous thrombolysis and dual 
antiplatelet treatment in patients with minor 
ischemic stroke: a propensity matched analysis of 
the READAPT study cohort. J Am Heart Assoc 
2024; 13: e036275.

	19.	 De Matteis E, Ornello R, De Santis F, et al. 
Beyond RCTs: short-term dual antiplatelet 
therapy in secondary prevention of ischemic 
stroke and transient ischemic attack. Eur Stroke J 
2024; 9(4): 989–999.

	20.	 Foschi M, Ornello R, D’Anna L, et al. Real-
world comparison of dual versus single 
antiplatelet treatment in patients with  

non-cardioembolic mild-to-moderate ischemic 
stroke: a propensity matched analysis. Int J Stroke 
2025; 20(4): 438–449.

	21.	 von Elm E, Altman DG, Egger M, et al. The 
Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement: 
guidelines for reporting observational studies. 
PLoS Med 2007; 4(10): e296.

	22.	 Von Kummer R, Broderick JP, Campbell BCV, 
et al. The Heidelberg bleeding classification: 
classification of bleeding events after ischemic 
stroke and reperfusion therapy. Stroke 2015; 
46(10): 2981–2986.

	23.	 GUSTO Investigators. An international 
randomized trial comparing four thrombolytic 
strategies for acute myocardial infarction. N Engl 
J Med 1993; 329: 673–682.

	24.	 Stuart EA. Matching methods for causal 
inference: a review and a look forward. Stat Sci 
2010; 25(1): 1–21.

	25.	 Pan Y, Chen W, Xu Y, et al. Genetic 
polymorphisms and clopidogrel efficacy for acute 
ischemic stroke or transient ischemic attack: a 
systematic review and meta-analysis. Circulation 
2017; 135(1): 21–33.

	26.	 Sommer P, Posekany A, Serles W, et al. Is 
functional outcome different in posterior and 
anterior circulation stroke? Stroke 2018; 49(11): 
2728–2732.

	27.	 Koh S, Lee SE, Jung WS, et al. Predictors of 
early neurological deterioration in stroke due to 
vertebrobasilar occlusion. Front Neurol 2021; 12: 
696042.

	28.	 Chen HS, Cui Y, Wang XH, et al. Clopidogrel 
plus aspirin vs aspirin alone in patients with 
acute mild to moderate stroke: the ATAMIS 
randomized clinical trial. JAMA Neurol 2024; 
81(5): 450–460.

	29.	 Inoa V, Aron AW, Staff I, et al. Lower NIH 
stroke scale scores are required to accurately 
predict a good prognosis in posterior circulation 
stroke. Cerebrovasc Dis 2014; 37: 251–255.

	30.	 Adams HP Jr, Davis PH, Leira EC, et al. 
Baseline NIH Stroke Scale score strongly predicts 
outcome after stroke: a report of the Trial of Org 
10172 in Acute Stroke Treatment (TOAST). 
Neurology 1999; 53(1): 126–131.

Visit Sage journals online 
journals.sagepub.com/
home/tan

  Sage journals

https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan


Therapeutic Advances in 
Neurological Disorders Volume 18

18	 journals.sagepub.com/home/tan

Appendix.  READAPT study group names list.

City Site Collaborator(s) name(s)

Alessandria Stroke Unit, Department of Neurology, SS. Biagio e Arrigo Martina Valente

Ancona Experimental Medicine and Clinical Department, Marche Polytechnic 
University

Silvia Paolucci

Ancona Department of Neurology, INRCA Leonardo Biscetti
Valentina Cameriere
Eleonora Ponente

Bari Department of Neurology and Stroke Unit—“F. Puca,” AOU Consorziale 
Policlinico

Martina Caccamo
Debora Galotto

Barletta Department of Neurology and Stroke Unit, “M. R. Dimiccoli” General Hospital, 
Barletta, ASL BT, Italy

Sergio Altomare
Maurizio Giorelli

Bologna IRCCS Istituto delle Scienze Neurologiche di Bologna, Department of 
Neurology and Stroke Center, Maggiore Hospital

Federica Naldi
Chiara Bassi

Cesena Department of Neurology and Stroke Unit—Bufalini Hospital Claudia Faini

Chieti Clinics of Neurology, Stroke Unit, Ospedale SS Annunziata Paola Ajdinaj
Anna di Giovanni

Città di Castello Department of Neurology, Città di Castello Hospital Elisa Sacchini

Crema Department of Cardiocerebrovascular Diseases, Neurology-Stroke Unit—
ASST Ospedale Maggiore di Crema

Antonio Zito

Cremona Department of Neurology, ASST Cremona Hospital Alessia Giossi

Fermo Department of Neurology, Fermo Hospital Patrizio Cardinali
Stefania Maria Angelocola

Florence Stroke Unit, Careggi University Hospital Laura Tudisco

Florence Internal Medicine, San Giovanni di Dio Hospital Maraia Cristina Baruffi

Genoa Neuroscience, IRCCS Ospedale Policlinico San Martino Alessandro Canessa
Davide Sassos

L’Aquila Department of Biotechnological and Applied Clinical Sciences, University of 
L’Aquila—San Salvatore Hospital

Maria Grazia Vittorini

Legnano Department of Neurology, ASST-Ovest Milanese Serena Gallo Cassarino
Gloria Valcamonica

Lecce Department of Neurology, Vito Fazzi Hospital Annalisa Rizzo

Lucca Unit of Neurology, San Luca Hospital Marco Vista

Mirano-Venice Department of Neurology, ULSS 3 Serenissima Elisabetta Menegazzo

Monza Department of Neurology, Fondazione IRCCS San Gerardo dei Tintori Monza Susanna Diamanti
Carlo Ferrarese

Naples Department of Neurology and Stroke Unit, AORN Antonio Cardarelli Antonio De Mase
Emanuele Spina

(Continued)
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City Site Collaborator(s) name(s)

Novara SCDU Neurologia—Stroke Unit, Azienda Ospedaliero-Universitaria “Maggiore 
della Carità”

Thomas Fleetwood

Novi Ligure Department of Neurology, San Giacomo Hospital Gian Luca Bruzzone

Parma Department of Medicine and Surgery, University of Parma; Stroke Care 
Program, Department of Emergency, Parma University Hospital

Antonio Genovese

Pescara Stroke Unit, “S.Spirito” Hospital Daniela Monaco
Pierluigi Tocco

Pistoia Department of Neurology, San Jacopo Hospital Chiara Menichetti
Federica Letteri
Serena Nannucci

Reggio Emilia Department of Neurology, AUSL—IRCCS di Reggio Emilia Rosario Pascarella
Federica Assenza

Rimini Neurology Unit, “Infermi” Hospital, AUSL Romagna Enrico Maria Lotti
Giorgia Bernabè

Rome Department of Neurology, Sant’Andrea Hospital Filomena Di Lisi

Rome Department of Systems Medicine, Tor Vergata University Hospital Ilaria Maestrini

Rome Department of Neurology and Stroke Unit, S. Eugenio Hospital Novella Bonaffini
Maria Chiara Ricciardi

Rome Stroke Unit, Azienda Ospedaliera San Camillo Forlanini Chiara De Fino

Rome Stroke Unit, Emergency Department, Policlinico Umberto I Hospital, Rome, 
Italy

Danilo Toni
Nicoletta Giuseppa 
Caracciolo

Rome Neuroscienze, Organi di Senso e Torace, Fondazione Policlinico Universitario 
Agostino Gemelli

Irene Scala
Simone Bellavia

San Benedetto del 
Tronto

UOC Neurologia, Ospedale “Madonna del Soccorso” Cristina Paci
Emanuele Puca

San Giovanni 
Rotondo

Department of Neurology, Casa Sollievo della Sofferenza Giovanni Matteo Fratta

Siena Urgency and Emergency Department, Azienda Ospedaliera Universitaria 
Senese

Ivo Giuseppe De Franco 
Maurizio Acampa

Siracusa Department of Neurology, Umberto I Hospital Roberto Cappellani
Eleonora Sgarlata

Verona Department of Neuroscience, Azienda Ospedaliera Universitaria Integrata 
Verona

Mara Zenorini

Vicenza Department of Neuroscience, San Bortolo Hospital Cristina De Luca
Francesco Perini

Appendix.  (Continued)
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