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Abstract Background Patients with ischemic stroke present a higher risk of stroke recurrence,
neurological deterioration, and death. The benefit of dual antiplatelet therapy (DAPT)
over single antiplatelet therapy (SAPT) among patients with minor ischemic stroke is
well established; however, robust evidence is lacking for those with nonminor stroke.
Objective To describe the benefits and risks of DAPT versus SAPT in patients with
nonminor ischemic stroke.
Methods We searched the PubMed, Embase, and Cochrane Library databases for articles
published from inception to April 2024. Data were collected from randomized clinical trials
and observational studies comparing DAPT to SAPT following nonminor ischemic stroke,
defined by a score � 4 on the National Institutes of Health Stroke Scale (NIHSS).
Results In total, 6 studies were included, comprising 12,480 patients. The NIHSS
score at baseline from the selected studies ranged from 4 to 15. There was no
significant difference between DAPT and SAPT for recurrent stroke (risk ratio [RR]
¼0.91; 95% confidence interval [95%CI]¼0.82–1.01; p¼ 0.09; I2¼0%), ischemic
stroke (RR¼0.89; 95%CI¼0.80–1.00; p¼0.05; I2¼0%) or hemorrhagic stroke (RR
¼1.23; 95%CI¼0.41-3.99; p¼0.66; I2¼ 27%). Major bleeding was not significantly
increased in the DAPT group compared with the SAPT group (RR¼ 0.87; 95%CI¼0.29–
2.66; p¼0.81; I2¼44%). The overall analysis did not show a significant difference in all-
cause mortality (RR¼ 0.72; 95%CI¼ 0.50–1.02; p¼0.07; I2¼0%).
Conclusion There was no difference between DAPT and SAPT regarding recurrent
stroke, ischemic stroke, hemorrhagic stroke, major bleeding, or overall mortality.
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INTRODUCTION

Patients with ischemic stroke present a higher risk of
experiencing stroke recurrence, as well as neurological
deterioration and death. The prognosis for patients who
had a subsequent stroke is often unfavorable, as the risk of
disability andmortality increases. Stroke is still be one of the
primary causes of death and disability worldwide.1–4 There-
fore, preventing the progression and recurrence of stroke is
an important priority for patients who have suffered from an
ischemic stroke.5

The administration of single antiplatelet therapy (SAPT)
with aspirin is routinely recommended after an acute ische-
mic stroke, within 24 to 48hours after onset, based on its
ability to reduce thrombotic complications.3 In patients with
minor, non-cardioembolic ischemic stroke (defined by a
score � 3 on the National Institutes of Health Stroke Scale6

[NIHSS]) who did not receive IV alteplase, the benefit of dual
antiplatelet therapy (DAPT) with clopidogrel plus aspirin
within 24 hours of symptom onset is also well-established.
Compared with aspirin monotherapy, the beneficial effect of
aspirin plus clopidogrel was driven by a reduction in ische-
mic stroke.5–8 According to the last revised guidelines of the
American Heart Association (AHA) and American Stroke
Association (ASA),6 these treatments have strong and high-
quality evidence. Recent meta-analyses7,9 have also assessed
the benefits of DAPT with ticagrelor plus aspirin in this
context.

However, there is a lack of solid evidence supporting the
use of DAPT among patients with nonminor ischemic stroke
(NIHSS score � 4), which leads to uncertainty regarding its
value in this context. Such patients present more severe
neurological impairment and larger areas of ischemic injury,
which puts them at a higher risk of developing brain hemor-
rhage.10 The use of DAPT may reduce early neurologic
deterioration and improve the clinical outcomes of these
patients if the risk of hemorrhage is controlled.11 In light of
this controversy, wehave performed a systematic reviewand
meta-analysis of the possible benefits and risks of DAPTwith
clopidogrel or ticagrelor plus aspirin versus SAPT in patients
with nonminor acute ischemic stroke.

METHODS

Search strategy
We systematically searched the PubMed, Embase, and
Cochrane Library databases from inception to April 2024
with the following search terms: antiplatelet therapy; dual
antiplatelet; clopidogrel; ticagrelor; dipyridamole; aspirin;
ischemic stroke; stroke; brain infarct; cerebral infarction;
mild; moderate; nonminor; and non-minor. The complete
search strategy is detailed in Supplementary Material
(only available online at https://www.arquivosdeneuropsi-
quiatria.org/wp-content/uploads/2024/11/ANP-2024.0198-
Supplementary-Material.docx; ►Table S1). The references
from all included studies, previous systematic reviews, and
meta-analyses were also searched manually for any possible
additional studies.

Eligibility criteria
Two authors (IOM. and ML) independently screened titles
and abstracts and fully evaluated the studies for eligibility.
Discrepancies were settled by discussion with a third author
(GM). The inclusion criteria were randomized controlled
trials (RCTs) or observational studies comparing DAPT to
SAPT, enrolling patients with nonminor ischemic stroke
(defined by NIHSS score � 4), and reporting at least one of
the following outcomes: recurrent stroke, ischemic stroke,
hemorrhagic stroke, major bleeding, or all-cause mortality.

The choice of DAPT with aspirin plus clopidogrel or
ticagrelor was made based on a preliminary review of the
literature which found guidelines6 and meta-analyses7,9,12

showing these are the most recognized antiplatelets used in
DAPT. The exclusion criteriawere studies that did not include
a control group, studies with patients with minor stroke or
transient ischemic attack, and studies in which the DAPT
scheme used other antiplatelets instead of clopidogrel or
ticagrelor with aspirin.

Data extraction
Two authors (IM and GAM) conducted data extraction inde-
pendently using the Microsoft Excel (Microsoft Corp., Red-
mond, WA, United States) software, following predefined
search criteria and quality assessment. Disagreements were
resolved through a consensus after discussing the reasons for
the discrepancy with a third author (GM). The data extracted
comprised the article’s information (authors, publication
year), type of the study (observational or RCT), population
characteristics (study arm, number of patients, timewindow
until antiplatelet therapy, follow-up time, NIHSS score range
at baseline, sex, age, relevant medical history), intervention
characteristics (antiplatelets used, doses and duration of
treatment), and outcomes of interest (recurrent stroke,
ischemic stroke, hemorrhagic stroke, all-cause mortality,
and major bleeding). Subanalyses were performed restricted
to RCTs, observational studies, and a selected population.
Ethical approval was not required due to the nature of the
study.

Quality assessment
Nonrandomized studies were evaluated with the Risk of Bias
in Non-Randomized Studies – of Interventions (ROBINS-I)
tool.13 In this scale, studies are scored as low, moderate,
serious or critical risk of bias, in the domains of confounding,
selection, interventions, missing data, measurement of
outcomes, and reporting of results. Quality assessment of
RCTswas performed using the Cochrane Riskof Bias 2 (RoB 2)
tool,14 in which studies are scored as high, low, or unclear
risk of bias in five domains: selection, performance, detec-
tion, measurement, and reporting biases. Two independent
authors (ML andGAM) completed the riskof bias assessment.
Discrepancies were resolved through discussion with a third
author (IM).

Statistical analysis
Thissystematic reviewandmeta-analysis followedtheCochrane
Handbook of Systematic Reviews of Interventions and the
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Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) statement guidelines.15,16 The protocol was
preregistered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO; CRD42024536019).

We employed risk ratio (RR) with 95% confidence inter-
vals (95%CIs) as the measure of effect size to report binary
outcomes. There were no continuous outcomes. Heteroge-
neity was assessed with the Cochran Q test and I2 statistics.
Values of p<0.10 and of I2� 25%were considered significant
for heterogeneity. We used the restricted maximum likeli-
hood random-effects model. All statistical analyses were
performed using the R software (R Foundation for Statistical
Computing, Vienna, Austria), version 4.2.3.

RESULTS

Study selection and characteristics
The initial search yielded 1,114 potential results. After the
removal of duplicate records and ineligible studies, 15
articles remained and were thoroughly reviewed based on
the inclusion criteria. Of these, five were included, and one
was added by backward snowballing; therefore, the total
sample comprised 12,480 patients from 2 RCTs and 4 obser-
vational studies. The study selection process is illustrated
in ►Figure 1 using the PRISMA flow diagram.

Among all patients, 5,844 (46.8%) received DAPT, and
6,636 (53.2%) received SAPT. One study10 included ticagrelor
as part of the DAPT regimen, and the remaining stud-
ies11,17–20 all used clopidogrel. Two studies17,20 included
clopidogrel or aspirin as a choice of SAPT, one18 did not
specify the SAPT regimen, and the remaining studies10,11,19

used aspirin. The NIHSS score at admission ranged from 4 to
15. The time window until treatment ranged from 24hours
to 1 week. The follow-up ranged from 30 days to 1 year. The
articles’ information and population characteristics are
reported in ►Table 1, and the characteristics of the anti-
platelet treatments are reported in ►Table 2.

Pooled analysis of the included studies

Efficacy outcomes
Therewerenostatistically significantdifferences in theratesof
recurrent stroke between the DAPT and SAPT groups (RR
¼0.91; 95%CI¼0.82–1.01; p¼0.09; I2¼0%; ►Figure 2). Nei-
ther were there statistically significant differences between
the two groups regarding ischemic stroke (RR¼0.89; 95%
CI¼0.80–1.00; p¼0.05; I2¼0%; ►Figure 3), and an analysis
restricted to RCTs did not demonstrate a difference between
these treatments (RR¼0.85; 95%CI¼0.68–1.06; p¼0.158;
I2¼0%; ►Figure 3). Neither group showed benefits in terms
of the reduction in the risk of hemorrhagic stroke (RR¼1.23;
95%CI¼0.41–3.99; p¼0.66; I2¼27%; ►Figure 4).

Safety outcomes
Major bleeding was not significantly increased in the DAPT
group compared with the SAPT group (RR¼0.87; 95%CI
¼0.29–2.66; p¼0.81; I2¼44%; ►Figure 5A). In the overall
analysis, there was no difference in all-cause mortality
between the groups (RR¼0.72; 95%CI¼0.50–1.02;
p¼0.07; I2¼0%; ►Figure 5B). Neithger were there differ-
ences in all-cause mortality in the analysis restricted to RCTs
(RR¼0.91; 95%CI¼0.42–1.97; p¼0.81; I2¼32%;
►Figure 5B), although, when restricted to observational
studies, we found benefits on the DAPT group in terms of a
reduction in all-cause mortality (RR¼0.63; 95%CI¼0.44–
0.93; p¼0.02; I2¼0% ►Figure 5B).

Subanalysis in a selected population
A subanalysis was conducted excluding data from the Acute
Stroke or Transient Ischaemic Attack Treated with Ticagrelor
and ASA for Prevention of Stroke and Death (THALES)10 trial.
We did this because this trial contained patients with the
lowest NIHSS score range at baseline (4–5) among the
included studies. We aimed to assess if we would find a
difference in the efficacy and safety of DAPT compared to
SAPT only in the patients of studies with the highest NIHSS
score ranges, since there is no consensus in the literature
about the definition of nonminor stroke.21

There were no significant differences in terms of stroke
recurrence between the groups (RR¼0.92; 95%CI¼0.82–
1.05; p¼0.20; I2¼0%; ►Supplementary Material

Figure S3A: online only), nor regarding ischemic stroke (RR
¼0.91; 95%CI¼0.80–1.04, p¼0.15; I2¼0%; ►Supplementary

Material Figure S3B: online only). Neither were there signifi-
cant differences between the groups regarding hemorrhagic
stroke (RR¼0.87; 95%CI¼0.21-3.68; p¼0.84; I2¼30%;
►Supplementary Material Figure S3C: online only), major
bleeding (RR¼0.54; 95%CI¼0.17–1.73; p¼0.29; I2¼14%;
►Supplementary Material Figure S3D: online only), nor all-

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) flow diagram of study screening and selection.
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cause mortality (RR¼0.76; 95%CI¼0.74–1.23; p¼0.26;
I2¼26%; ►Supplementary Material Figure S3E: online only).

Risk of bias assessment
The individual assessment of each study included is pre-
sented in ►Supplementary Material Figures S1 and S2 (on-
line only). Overall, most of the included studies presented a
low risk of bias, since the randomized studies provided
reliable protocols and blinding procedures. Some observa-
tional studies presented a moderate risk of bias because of
possible confounding factors, but this was not deemed
critical for the quality of the pooled meta-analysis due to

the performance of multivariate analysis. Only one cohort
study17 was also considered to present a moderate risk of
bias because of deviations from one study arm to another
close to the time of follow-up. Another study19 was consid-
ered to present an overall low risk of bias due to propensity
score matching.

DISCUSSION

The present systematic review and meta-analysis indicated
that there were no significant differences between the DAPT
and SAPT regimens for patients with nonminor stroke in

Figure 2 Recurrent stroke.

Figure 3 Ischemic stroke.
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Figure 4 Hemorrhagic stroke.

Figure 5 (A) Major bleeding; (B) all-cause mortality.
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terms of stroke recurrence, ischemic stroke, hemorrhagic
stroke, major bleeding, and all-cause mortality. Statistical
significance was only found in the analysis restricted to
observational studies regarding the superiority of DAPT in
reducing all-causemortality, whichwas not confirmed in the
RCT-only or all-study analyses.

The use of DAPT in the context of minor or mild-to-
moderate ischemic stroke and transient ischemic attack
(TIA) was the focus of previous important and recognized
randomized clinical trials.22–25 These trials evaluated ische-
mic stroke patients with NIHSS scores � 3 or � 5, or TIA, and
found superiority of DAPT over SAPT in reducing the risk of
stroke. Moreover, meta-analyses7,9 have been endorsed
these results. In consequence, the evidence for the use
DAPT in this context is strong and recommended in impor-
tant guidelines.5,6

On the contrary, to date, only a few studies have assessed
the efficacy and safety of DAPT among patients with higher
NIHSS scores, that is, nonminor ischemic stroke defined by
an NIHSS score � 4. The Antiplatelet Therapy in Acute Mild-
Moderate Ischemic Stroke (ATAMIS)11 trial was the first
large-scale, multicenter, RCT in this context. Also, recently,
a subanalysis10 of the THALES24 trial comprised the patients
NIHSS scores between 4 and 5. The THALES24 trial originally
included patients with NIHSS � 5, and, posteriorly, the
authors considered the analysis of the group with NIHSS
scores from 4 to 5 was worth performing because it could
result in outcomes different than those of the patients with a
minor stroke defined by NIHSS score � 3. Since to date only
these 2 RCTs have been conducted on patients with NIHSS
score � 4, the observational studies17–20 also provide essen-
tial data that helps analyze this matter. The patients in one of
the observational studies19 included in our meta-analysis,
pertinently, are those with nonminor stroke who did not
meet the criteria for inclusion in the Clopidogrel in High-risk
Patients with Acute Non-Disabling Cerebrovascular Events
(CHANCE)22 or Platelet-Oriented Inhibition in New TIA and
Minor Ischemic Stroke (POINT)23 trials, since these trials
evaluated patients with NIHSS scores � 3.

There is no consensus among international stroke orga-
nizations on the definition of minor stroke. One study26

compared the different definitions used in the literature
and found that ‘conscious patients scoring� 1 on everyNIHSS
item’ and ‘patients with NIHSS � 3’ presented the best short-
and medium-term outcomes, so we can assume that minor
stroke patients, by these definitions, are those who have the
best chance of achieving a positive outcome. In this sense,
patients with nonminor stroke may respond differently to
DAPT than those with minor stroke, due to more severe
neurological impairment and larger areas of ischemic injury,
which may increase their risk of hemorrhage.10 Therefore,
DAPT could benefit patients with nonminor stroke if their
bleeding risk can be controlled. In light of this, in the present
systematic review and meta-analysis of 6 studies comprising
12,480 patients, we have analyzed DAPT versus SAPT after a
nonminor ischemic stroke, defined by NIHSS score � 4.

Stroke outcomes range drastically, from no disability to
death, which can be influenced by the patient’s premorbid

status, stroke severity, acute treatment, or environment.27

Our findings demonstrate that the prevalence of well-known
risk factors, such as hypertension, diabetes mellitus, and
smoking, was similar between the studies analyzed and the
DAPT and SAPT groups. One interest baseline characteristic
that varied impressively among the studies was the preva-
lence of dyslipidemia, which ranged from 1.3% to 62.8%. The
lowest prevalence was found in the ATAMIS11 trial, which
included patients from hospitals in China. The highest prev-
alence was found in the study by Khazaal et al.,18 which
included patients from hospitals in the United States. These
findings are consistent with those of a meta-analysis28 that
also found lower rates of dyslipidemia among the Chinese
population. Specifically, the authors found a prevalence of 9%
of dyslipidemia among the Chinese population and of 30%
among the population of Caucasians who had had an ische-
mic stroke. This points to important cultural differences that
may require different care in stroke prevention among
diverse populations.

Concerning the occurrence of bleeding events, the current
study found that the treatment groups did not differ overall.
This outcome is of particular relevance, because one of the
main concerns about DAPT therapy is the increased risk of
bleeding,29,30 which has important prognostic implications,
since it can influence long-term functional outcomes.31

Khazaal et al.18 were the only ones to include patients who
received tissue plasminogen activator (tPA) or thrombec-
tomy. These treatments may lead to bleeding complica-
tions,32,33 and it can be confusing if the antiplatelet
therapy was the real reason for the bleeding. Therefore, we
analyzed only the subgroup that did not receive these treat-
ments. However, the authors18 pointed out that it is still
reassuring that intracranial hemorrhage in the DAPT group
was very low in their study.

It is also important to highlight that one outcome of
extreme importance is neurologic deterioration, since
patients with nonminor ischemic stroke may be more sus-
ceptible to it, and there is an association between neurologic
deterioration and poor outcomes after nonminor ischemic
stroke.10,34 Unfortunately, only the ATAMIS11 trial evaluated
this outcome, and we cannot provide a meta-analysis for it.
Besides that, it is worth reporting that the ATAMIS11 trial
found a significant difference in the risk of early neurologic
deterioration between the DAPT and SAPT groups, indicating
that DAPT improves early neurologic function in nonminor
ischemic stroke. We underline the need for more trials
evaluating that outcome.

The time window for antiplatelet therapy is extremely
important to achieve the best outcomes. In the presentmeta-
analysis, 4 studies10,17–19 used the 24-hour time window, 1
study,11 the 48-hour, and another one20 analyzed patients in
whom DAPT was initiated within 1 week, which may have
contributed to different outcomes. The duration of antiplate-
let treatments also varied among the included studies,
ranging from 5 to 90 days, or it was not not reported, which
can affect the risk of hemorrhagic stroke andmajor bleeding,
since antiplatelet agents increase bleeding risk the longer
they are used. The European Stroke Organization5 makes a
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strong recommendation for the use of 21 days of DAPTwithin
24 hours for patients with minor stroke (NIHSS score � 3),
and aweak recommendation for 30 days of DAPT in mild-to-
moderate ischemic stroke (NIHSS score� 5) within 24hours.
In turn, the last revised guidelines from the AHA and ASA6

recommendDAPT forminor stroke (NIHSS score�3) starting
within 24hours of symptom onset and continuing for
21 days. These recommendations differ in terms of the
time for initiation and the duration of DAPT in some of the
studies included in the present review, and itmay have partly
influenced the outcomes found.

Furthermore, we found that DAPTwas statistically signif-
icantly superior to SAPT in reducing all-cause mortality only
in an analysis restricted to the observational studies. Al-
though caution is needed, this result indicates that it may be
suitable to choose DAPT in the context of nonminor ischemic
stroke, which is an encouragement to conduct new clinical
trials. Perhaps a selection of patients with lower baseline
hemorrhage risk might show that more patients could
benefit from dual therapy, particularly in the first days.

New evidence is emerging on different treatment
approaches for nonminor ischemic stroke, such as the use
of DAPT. This is extremely necessary, since patients with
nonminor ischemic stroke are at a higher riskof deteriorating
and of poor outcomes when compared to those with low-
severity stroke,21 and this directly influences the patient’s
quality of life and increases social health costs.35,36

Limitations

The current study has several limitations that need to be
addressed. Firstly, to date, only a few studies have evaluated
the use of DAPT in patients with nonminor stroke, so we had
to include observational studies to gather more data on this
topic. We must remember that observational studies, al-
though they provide valuable insights, are not the most
robust source of evidence. Furthermore, the studies vary in
terms of the time window for initiating antiplatelet therapy,
duration of treatment, and follow-up time.

In conclusion, the present research highlights and dis-
cusses important topics regarding the use of DAPT in patients
with nonminor ischemic stroke, providing clinicians and
researchers with a broad view of this topic. Our findings
show that therewas no differencebetweenDAPT and SAPT in
terms of recurrent stroke, ischemic stroke, hemorrhagic
stroke, major bleeding, nor overall mortality. Further RCTs
need to be conducted so that the evidence can gain strength
in this relevant clinical subject.
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