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Abstract: To improve the efficacy over antiplatelet monotherapy, dual antiplatelet therapy (DAPT)
has been increasingly adopted in the management of non-cardioembolic stroke. For minor ischemic
stroke and high-risk transient ischemic attack, the aspirin–clopidogrel combination is now recom-
mended for acute short-term treatment, whereas aspirin–ticagrelor combination may be considered
in selected patients, especially those with resistance to clopidogrel. For long-term stroke prevention,
aspirin–dipyridamole combination has been used as an alternative to antiplatelet monotherapy, and
aspirin or clopidogrel combined with cilostazole may be prescribed for added protection in high-risk
patients. In this paper, we review the development of DAPT from a historical perspective and describe
the findings from major clinical trials published up until the end of 2023. Using the 2021 American
Heart Association guideline for secondary stroke prevention as a basis for our recommendations, we
further discuss areas of controversy and more recent developments to provide an updated review for
clinicians to consider in their daily practice.

Keywords: dual antiplatelet therapy; ischemic stroke; transient ischemic attack; aspirin; clopidogrel;
ticagrelor; dipyridamole; cilostazol; combination

1. Introduction

The aspirin–clopidogrel combination has been studied in long-term primary and sec-
ondary stroke prevention, acute short-term treatment of non-cardioembolic minor ischemic
stroke and transient ischemic attack (TIA), and symptomatic extracranial or intracranial
stenosis. More recently, aspirin–ticagrelor combination has been studied in minor stroke
and TIA and in a subgroup of these patients who were carriers of CYP2C19 loss-of-function
alleles. For long-term secondary prevention, aspirin–dipyridamole combination and either
aspirin or clopidogrel combined with cilostazol have been studied. In this paper, we de-
scribe major findings from representative randomized clinical trials published up until the
end of 2023 and offer our recommendations, which are summarized in Table 1. We follow
the 2021 American Heart Association (AHA) guideline for secondary stroke prevention
in classifying our recommendations into three levels: Class 1 (recommended), Class 2a
(reasonable), and Class 2b (may be considered) [1].
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Table 1. DAPT options for different ischemic stroke presentations.

Presentation DAPT Regime Selection Criteria Recommendation

Acute Ischemic Stroke Treatment

Acute ischemic stroke ≤4.5 h
of onset

ASA 300 mg + CLO 300 mg (600 mg in
selected patients), instead of IV thrombolysis

NIHSS ≤ 5, Non-disabling, No
LVO or capsular warning

syndrome
Class 2a, reasonable

Short-Term Treatment for Non-Cardioembolic Ischemic Stroke or TIA up to 3 Months

Minor Stroke or High-Risk
TIA ≤ 24 h of onset (may be

considered up to 7 days)

ASA 300 mg + CLO 300 mg (600 mg in
selected patients), followed by ASA+CLO for

21 days (up to 90 days in selected patients)

NIHSS ≤ 3, ABCD2 ≥ 4 Class 1, recommended

NIHSS 4–5, ABCD2 ≤ 3 with
symptomatic extra/intracranial

stenosis

Class 2b, may be
considered

ASA 300 mg + TIC 180 mg, followed by
ASA+TIC for 30 days

NIHSS ≤ 5, ABCD2 ≥ 6 or
symptomatic extra/intracranial

stenosis

Class 2b, may be
considered

Minor Stroke or High-Risk
TIA ≤ 24 h of onset with

CYP2C19 LOF allele

ASA 300 mg + TIC 180 mg followed by
ASA+TIG for 21 days, and TIC alone from day

22 to 90

NIHSS ≤ 3, ABCD2 ≥ 4 Class 2b, may be
considered

NIHSS ≤ 3, ABCD2 ≥ 4, and
history of recurrent stroke/TIA

while on CLO
Class 2a, reasonable

Short-Term Treatment for Ischemic Stroke or TIA secondary to Large Artery Atherosclerosis up to 3 Months

Minor Stroke or High-Risk
TIA ≤ 72 h with symptomatic

atherosclerosis

ASA 300 mg + CLO 300 mg, followed by
ASA+CLO for 21 days

Symptomatic stenosis (≥50%) of
an extracranial or intracranial

artery
Class 2a, reasonable

Non-disabling stroke or TIA
≤ 30 days with severe
intracranial stenosis

ASA+CLO for 90 days, with loading doses
given when appropriate

Symptomatic severe stenosis
(70–99%) of a major intracranial

artery
Class 2a, reasonable

Long-Term Secondary Prevention

Non-Cardioembolic Ischemic
Stroke or TIA

ASA + DIP-ER
Insufficient protection with ASA

alone, alternative to CLO
monotherapy

Class 2a, reasonable

ASA/CLO + CIL

Extra/intracranial major artery
stenosis ≥50%, or 2 of (age ≥ 65,
HT, DM, CKD, PVD, previous IS,

IHD, current smoking)

Class 2b, may be
considered

ASA+CLO

Non-cardioembolic stroke Not recommended

Lacunar stroke Contra-indicated

Cardioembolic stroke or TIA
with NVAF

Cardioembolic stroke or TIA with
NVAF unsuitable for VKA or

NOAC

Class 2b, may be
considered

ABCD2: (age, blood pressure, clinical features, duration of symptoms, and diabetes) score; ASA: aspirin; CKD:
chronic kidney disease; CIL: cilostazole; CLO: clopidogrel; DIL-ER: dipyridamole extended release; DM: diabetes
mellitus; HT: hypertension; IHD: ischemic heart disease; IS: ischemic stroke; LOF: loss of function; LVO: large
vessel occlusion; NIHSS: National Institute of Health Stroke Scale score; NOAC: non-vitamin K oral anticoagulant;
NVAF: non-valvular atrial fibrillation; PVD: peripheral vascular disease; TIC: ticagrelor; and VKA: vitamin
K antagonist.

2. Aspirin and Clopidogrel in Long-Term Stroke Prevention

Aspirin has remained today the mainstay of secondary stroke prevention [1]. An-
tiplatelet monotherapy (mainly aspirin) was associated with a 23% reduction in the odds
of all strokes in patients with a previous stroke or TIA in a meta-analysis from the Anti-
thrombotic Trialists’ Collaboration (published in 2002) [2], but the odds reduction was only
13% in another meta-analysis (1996) [3]. Clopidogrel is associated with a lower risk of
gastrointestinal hemorrhage compared to aspirin, but the combined vascular risk was not
significantly reduced compared to treatment with aspirin among patients with a previous
stroke in the CAPRIE trial (performed in 1992–1996) [4] (A list of Abbreviations for Clinical
Studies Cited is provided at the end of the article). More effective antiplatelet therapy in
stroke prevention has been keenly awaited.
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Encouraged by the positive results in studies with clopidogrel added to aspirin for up
to 12 months in patients with acute coronary syndrome [5] or after percutaneous coronary
intervention [6], dual antiplatelet therapy (DAPT) with aspirin and clopidogrel (ASA+CLO)
has been studied in clinical trials of long-term primary and secondary stroke prevention.

In the CHARISMA trial (2002–2005), 15,603 subjects with multiple vascular risk factors
or a history of coronary, cerebrovascular, or peripheral vascular diseases were recruited.
Over a median follow-up of 28 months, ASA+CLO was associated with a non-significant
reduction in composite vascular outcome (6.8 vs. 7.3%) compared to aspirin alone. However,
in the subgroup with a history of vascular diseases (including stroke), a significant reduction
in this primary endpoint (6.9 vs. 7.9%) was found [7].

ASA+CLO was further studied in 3020 patients with MRI-proven lacunar infarcts
within the preceding 6 months in the SPS3 trial (2003–2011). The trial was terminated early,
as ASA+CLO was not associated with any significant reduction in recurrent strokes (2.5 vs.
2.7% per year) but a near doubling of major hemorrhage (2.1 vs. 1.1% per year) compared
to aspirin alone [8].

For patients with a high risk of recurrence, the MATCH trial (2000–2003) recruited
7599 patients who had experienced an ischemic stroke or TIA in the previous 3 months and
harboring additional risk factors. The ASA+CLO combination was compared to clopidogrel
alone. Over 18 months, the primary endpoint of composite vascular outcome was non-
significantly reduced from 16.7 to 15.7%, but life-threatening bleeding was significantly
increased from 1.3 to 2.6%. However, both life-threatening bleeding and intracranial
hemorrhage appeared to increase only after 3 months of DAPT [9]. The other notable
feature of the trial is that ASA+CLO was compared to clopidogrel rather than aspirin,
possibly leading to more unfavorable hemorrhagic outcomes in the DAPT group compared
to antiplatelet monotherapy.

These trials have led to the conclusion that DAPT with ASA+CLO is not recommended
for long-term primary or secondary stroke prevention and is contraindicated after lacunar
stroke. However, findings from the MATCH trial suggested that acute short-term treatment
with ASA+CLO may still be possible in patients with a high risk of early recurrence and a
low risk of hemorrhage, such as those with minor ischemic stroke and TIA.

During the same period, ASA+CLO was also studied in patients with non-valvular
atrial fibrillation (NVAF). In the ACTIVE-W trial (2003–2005), patients who were warfarin
candidates were randomized between ASA+CLO and warfarin, and the study was stopped
early due to the clear superiority of warfarin [10]. In the ACTIVE-A trial (2003–2008),
patients unsuitable for warfarin were randomized between ASA+CLO and aspirin alone.
Over a median follow-up of 3.6 years, DAPT was associated with significant reductions in
vascular events (6.8 vs. 7.6% per year) and stroke (2.4 vs. 3.3% per year) but a concurrent
increase in major bleeding (2.0 vs. 1.3% per year) [11]. However, with the emergence
of non-vitamin K oral anticoagulants (NOAC) and apixaban showing major benefits in
stroke reduction but no significant increase in bleeding risk compared to aspirin in similar
patients in the AVERROES trial (2007–2010) [12], the role of ASA+CLO in long-term stroke
prevention in NVAF has diminished substantially.

3. Aspirin and Clopidogrel in Short-Term Treatment of Non-Cardioembolic Minor
Stroke and TIA

TIA is a major risk factor for stroke, but the recognition that TIA requires urgent
treatment only emerged more recently, when a cohort study performed in 1997–1998
among TIA patients presented to emergency departments in Northern California revealed
that 10.5% had a recurrent stroke within 90 days, with half of the strokes having occurred
within the first 48 h [13]. In another community-based study performed in 2002–2003
among patients with TIA and minor stroke with National Institute of Health Stroke Scale
scores (NIHSS) ≤ 3 in Oxford, the recurrent stroke rate was 8% within 7 days and 17.3% at
3 months [14].
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The high early recurrent stroke risk led to the establishment of different TIA treatment
protocols around the world, which include same-day TIA clinic, emergency department-
based protocol, and hospitalization with a short stay, all aiming to deliver early compre-
hensive TIA management. Medical therapy including antiplatelet agents and statin are
administered immediately after confirmation of the diagnosis of TIA and exclusion of in-
tracranial hemorrhage by urgent neuroimaging. Other medical treatments, dietary advice,
and healthy lifestyle counselling are initiated before discharging the patient. DAPT with
ASA+CLO is frequently administered to high-risk TIA patients in these protocols.

The EXPRESS study performed in Oxford was a before (2002–2004) and after (2004–2007)
comparison of cases with the implementation of a same-day TIA clinic, whereas SOS-TIA
was a study performed in 2003–2005 on TIA patients presented to a 24 h clinic at a hospital
emergency department in Paris. Both studies reported dramatic reductions in the recurrent
90-day stroke rates when compared with the stroke rates before implementation of the same-
day TIA clinic or predicted from the patients’ ABCD2 scores, respectively [15,16]. DAPT
with ASA+CLO may have contributed to the beneficial effects in the management of these
patients, and this treatment was compared to aspirin alone for 90 days in 392 patients with
TIA or minor stroke in the FASTER pilot trial (2003–2007). The ASA+CLO combination led
to a non-significant reduction in stroke (7.1 vs. 10.8%) but a 3% symptomatic hemorrhage
rate [17]. It was therefore time for definitive trials of acute short-term DAPT with ASA+CLO
in patients with TIA and minor ischemic stroke.

The CHANCE trial (2009–2012) randomized 5170 patients in China with minor stroke
(NIHSS ≤ 3) or high-risk TIA (ABCD2 ≥ 4) within 24 h of onset to the ASA+CLO com-
bination for 21 days followed by clopidogrel alone from day 22 to day 90 versus aspirin
monotherapy for 90 days. The DAPT group had a significant reduction in the 90-day stroke
rate (8.2 vs. 11.7%) and no differences in the rates of moderate or severe hemorrhage and
hemorrhagic stroke (all 0.3%) compared to the group treated with aspirin alone [18]. POINT
was an international trial (2010–2018) that recruited 4881 similar patients with minor stroke
or TIA within an earlier time window of 12 h and compared the ASA+CLO combination
versus aspirin alone for 90 days. Both the composite vascular endpoint and stroke recur-
rence at 90 days were significant reduced (5.0 vs. 6.5% and 4.8 vs. 6.4%, respectively), but
major hemorrhage was significantly increased with DAPT (0.9 vs. 0.4%) [19].

Recommendation 1: Based on results from the CHANCE and POINT trials, the
AHA guideline gives a Class 1 recommendation for patients presenting with minor non-
cardioembolic ischemic stroke (NIHSS ≤ 3) or high-risk TIA (ABCD2 ≥ 4), DAPT with
ASA+CLO should ideally be initiated within 12–24 h but may be considered up to 7 days
after symptom onset (based on meta-analyses which included other DAPT studies) and
continued for 21 to 90 days, followed by antiplatelet monotherapy [1]. However, several
practice points require further clarification:

(a) Loading doses of DAPT: For aspirin, patients in CHANCE received a dose of
75–300 mg on day 1 at the discretion of the treating physician followed by 75 mg daily,
whereas in POINT 162 mg daily for 5 days followed by 81 mg daily was recommended. As
early aspirin therapy was shown to be associated with substantial benefit in the first 2 weeks
after a minor stroke or TIA in a pooled analysis of 12 trials (2016) [20], we recommend a
loading dose of 300 mg aspirin if there is no contraindication.

For clopidogrel, a loading dose of 300 mg was given in CHANCE, and 600 mg was
given in POINT. There was no increase in major hemorrhage in CHANCE [18], but a
small increase was noted early in the POINT trial [19,21]. We, therefore, recommend a
clopidogrel loading dose of 300 mg for most patients, but 600 mg may be considered in
high-risk patients (e.g., crescendo TIA, severe symptomatic arterial stenosis) after careful
consideration of the risks and benefits.

(b) Duration of DAPT: The duration of ASA+CLO therapy was 21 days in CHANCE
and 90 days in POINT. However, the benefit of DAPT over aspirin was variable during
the 90-day period. A meta-analysis of the FASTER, CHANCE, and POINT trials showed
that most of the benefits of DAPT occurred within 10 days of randomization [22]. A
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patient-level meta-analysis of the CHANCE and POINT trials confirmed that the benefit
of DAPT occurred mainly within the first 21 days [23]. Furthermore, a meta-analysis
including short-term trials such as CHANCE and POINT and long-term trials such as SPS3
and CHARISMA revealed that short-term DAPT for up to 1 month was associated with
significant reductions in ischemic stroke and vascular events; intermediate-term DAPT
for up to 3 months was associated not only with significant reductions in ischemic stroke
and vascular events but also a significant increase in major bleeding; whereas, long-term
DAPT over 3 months was associated with significant increases in both major bleeding and
mortality and no significant reductions in ischemic stroke or major vascular events [24].

Based on these findings, we recommend that patients who are indicated for ASA+CLO
should generally be prescribed a 21-day course of DAPT, with extensions up to 90 days in
selected patients (e.g., progressive or recurrent stroke/TIA, symptomatic severe intracranial
stenosis) after careful consideration of the risks and benefits.

(c) TIA with ABCD2 ≤ 3, lacunar stroke, and stroke with NIHSS ≥ 4: The ABCD2 score
comprises both clinical features and risk factors for stroke [25]; therefore, an ABCD2 score
≤3 is not only associated with a lower recurrent stroke risk but also increases the likelihood
of a TIA mimic. However, other factors associated with a high stroke risk (e.g., symptomatic
large artery disease) may be present despite low ABCD2 scores [26]. Therefore, we generally
do not recommend DAPT for TIA with ABCD2 scores below 4, unless a high-risk stroke
etiology is identified.

Patients with lacunar stroke are contraindicated for long-term ASA+CLO due to their
increased bleeding risk, as shown in the SPS3 trial [8]. However, both the CHANCE and
POINT trials likely included a large number of lacunar stroke patients with NIHSS ≤ 3,
and short-term DAPT for 21 days may be associated with lower bleeding risks compared
to long-term treatment. Furthermore, a hospital-based retrospective study from Heidelberg
(2010–2017) suggested that a short course of DAPT (given for 5 days in the majority) with
ASA+CLO prescribed to lacunar stroke patients with clinical deterioration may result in
better outcomes [27]. Lacunar stroke with NIHSS ≤ 3 should, therefore, not be excluded
from acute short-term DAPT.

A study from hospitals in the USA found that 47% of minor stroke patients did not
receive DAPT, whereas 42.6% of patients with non-minor stroke received DAPT upon
discharge [28]. There are some justifiable reasons for prescribing DAPT in strokes with
NIHSS > 3, such as in cases of symptomatic large artery atherosclerosis, supported by
the recently published INSPIRES trial [29] (see Section 4). We believe that DAPT may be
prescribed for strokes with NIHSS > 3 on a case-by-case basis. The factors to consider in-
clude a non-disabling stroke despite higher NIHSS, well-controlled blood pressure, absence
of neuroimaging features associated with risk of symptomatic intracerebral hemorrhage
(e.g., large stroke size, hemorrhagic transformation), together with a high risk of stroke pro-
gression or recurrence. Another option to consider is to prescribe DAPT for up to 10 days
only to maximize its early beneficial effect but possibly reducing the risk of hemorrhage
associated with a longer duration of the therapy [22].

(d) Patients not on aspirin: A meta-analysis of the CHANCE, POINT, and THALES
trials revealed that the beneficial effects of DAPT were consistent in patients with or without
prior use of aspirin [30]. Therefore, DAPT can be initiated in patients who are not taking
any antiplatelet therapy at the onset of stroke or TIA.

4. Aspirin and Clopidogrel in Large Artery Atherosclerosis

Large artery atherosclerosis (LAA) is a major etiology of stroke with artery-to-artery
embolism as the main stroke mechanism, which can be treated using aggressive antiplatelet
therapy. CARESS (published in 2005) and CLAIR (2003–2008) were pilot studies of DAPT
with ASA+CLO in patients with symptomatic carotid or intracranial stenosis, respectively,
using microembolic signals (MES) on transcranial Doppler (TCD) monitoring as a surrogate
outcome. The studies individually revealed significant reductions in MES with DAPT
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compared to antiplatelet monotherapy, and a pooled analysis showed a significant decrease
in recurrent stroke occurrence [31,32].

The WASID study (1999–2003) compared warfarin with aspirin in patients with symp-
tomatic intracranial stenosis of 50–99% severity. While there was no difference in the
stroke outcome between the two treatment arms, the recurrent stroke risk at 1 year was
particularly high (23%) for patients with intracranial stenosis ≥70% [33,34]. The SAMM-
PRIS trial (2008–2011) studied this high-risk group of patients with severe symptomatic
intracranial stenosis with aggressive medical therapy, with or without stenting. Stenting
was associated with a high perioperative stroke rate. However, an aggressive medical
therapy that included DAPT with ASA+CLO for 3 months, control of vascular risk factors
to stringent targets, and counselling for healthy lifestyle resulted in a 12.2% stroke rate at
one year, much lower than that of similar patients in the WASID trial [35].

The recently published INSPIRES trial (2018–23) randomized 6100 patients in China
with minor stroke (NIHSS ≤ 5) or high-risk TIA (ABCD2 ≥ 4) with symptomatic extracra-
nial or intracranial LAA within 72 h of onset to the ASA+CLO combination for 21 days
followed by clopidogrel from day 22 to day 90 versus aspirin alone for 90 days. Among the
participants, 82% had ≥50% symptomatic arterial stenosis, and 87% were randomized at a
later time window (compared to CHANCE and POINT) at 24–72 h after symptom onset.
DAPT was associated with both a significant decrease in recurrent stroke (7.3 vs. 9.2%) and
a significant increase in moderate to severe bleeding (0.9 vs. 0.4%) [29].

Recommendation 2: Based on the outcome of the SAMMPRIS study’s medical arm,
the AHA guideline gives a Class 2a recommendation that DAPT with ASA+CLO for up to
3 months is reasonable for patients with a recent stroke or TIA with severe symptomatic
intracranial stenosis (70–99%) [1]. The INSPIRES trial also supports DAPT for 21 days in
patients with 50–69% symptomatic intracranial stenosis or ≥50% extracranial stenosis not
scheduled for a revascularization procedure (Class 2a). Other areas that require further
discussion include the following:

(a) DAPT beyond 3 months: In clinical practice, we often encounter patients with se-
vere intracranial stenosis who present with recurrent TIA beyond 3 months. Currently,
there is no clinical guidance to prolong DAPT, and patients treated medically in SAMM-
PRIS who continued DAPT beyond 3 months had a numerically lower stroke rate but
a higher rate of major bleeding compared to patients who switched to aspirin alone af-
ter 3 months, although both results were statistically non-significant [36]. We feel that
DAPT with ASA+CLO may be prolonged beyond 3 months in patients with severe in-
tracranial stenosis and recurrent symptoms of cerebral ischemia or hypoperfusion on a
case-by-case basis, together with the careful control of risk factors for bleeding and review
at 3-monthly intervals.

(b) Symptomatic carotid stenosis: DAPT is commonly prescribed for patients with
symptomatic carotid stenosis to decrease the risk of recurrent stroke when awaiting carotid
revascularization. While DAPT is indicated for carotid stenting, it may be associated
with an increased risk of perioperative bleeding in carotid endarterectomy (CEA). A meta-
analysis (2022) of CEA patients showed that, despite a significant reduction in MES on TCD
monitoring with DAPT, the reduction in the perioperative stroke rate was not significant,
but significant increases in the risks of neck hematoma and re-operation for bleeding
were found [37]. We recommend that each center should develop their own protocol in
perioperative antiplatelet management for CEA, balancing the risks of recurrent stroke and
perioperative bleeding. An option to consider is to give a loading dose of DAPT while
continuing maintenance antiplatelet monotherapy to maximize early reduction in stroke
risk, while decreasing the risk of perioperative hemorrhage when CEA is performed after a
few days.
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5. Aspirin and Clopidogrel Instead of Intravenous Thrombolysis in Minor
Non-Disabling Stroke within 4.5 h of Onset

The PRISMS trial (2014–2017) enrolled 313 patients with non-disabling stroke (NIHSS
0–5) and compared intravenous alteplase with 325 mg aspirin within 3 h of onset. Alteplase
treatment was associated with no improvement in the outcome at 90 days and a slight in-
crease in symptomatic intracranial hemorrhage (sICH) [38]. The ARAMIS trial (2018–2022)
recruited 760 patients with minor stroke (NIHSS ≤ 5) from China and randomized them to
DAPT for 12 days (with 300 mg clopidogrel loading) or alteplase, followed by routine care.
Non-inferiority at 90 days for excellent outcome was found for DAPT [39]. Furthermore, a
retrospective study from the Austrian stroke units (2018–2021) among acute stroke patients
with NIHSS ≤ 3 found that alteplase treatment was associated with more sICH and early
neurological deterioration compared to DAPT, after propensity score matching [40].

Recommendation 3: This topic has not yet been reviewed in the AHA guideline, but
we believe that DAPT instead of intravenous thrombolysis is a reasonable treatment option
in non-disabling stroke with NIHSS ≤ 5 when high-risk features of stroke progression such
as large vessel occlusion or capsular warning syndrome are absent (Class 2a). Consideration
may be given to the use of higher loading doses with 300 mg aspirin and 600 mg clopidogrel
in selected patients to facilitate early antiplatelet action.

6. Aspirin and Ticagrelor in Short-Term Treatment of Non-Cardioembolic Minor Stroke
and TIA

Ticagrelor (TIC) is a more potent and direct-acting P2Y12 inhibitor compared to
clopidogrel, which requires metabolic activation. Ticagrelor was compared to aspirin in
patients with minor stroke (NIHSS ≤ 5) or high-risk TIA (ABCD2 ≥ 4 or symptomatic
extracranial/intracranial stenosis) within 24 h of onset in the SOCRATES trial (2014–2016)
with treatment continued for 90 days. Non-significant reductions in the primary composite
vascular endpoint (6.7 vs. 7.5%) and ischemic stroke (5.8 vs. 6.7%) were noted. In a
subgroup analysis, the patients already on aspirin showed a larger reduction in the primary
outcome (6.5 vs. 8.4%), suggesting that DAPT with aspirin and ticagrelor (ASA+TIC) may
have a better efficacy [41].

In the THALES trial (2018–2019), 11,016 patients with minor stroke (NIHSS ≤ 5) or
high-risk TIA (ABCD2 ≥ 6 or symptomatic extra/intracranial stenosis) were randomized
to receive ASA+TIC versus aspirin alone for 30 days. Stroke and death within 30 days were
significantly reduced (5.5 vs. 6.6%), but severe bleeding was significantly increased (0.5 vs.
0.1%) with DAPT [42]. In a subgroup analysis, the patients with ipsilateral LAA (defined
as stenosis ≥30%) had a higher stroke risk and a higher reduction in their stroke and death
rate with DAPT (8.1 vs. 10.9%), but there was no statistically significant interaction between
the treatment and LAA status [43].

Recommendation 4: Based on the findings of THALES and its LAA subgroup analysis,
the AHA guideline states that DAPT with ASA+TIC may be considered in patients who
presented within 24 h with a minor stroke (NIHSS ≤ 5) or high risk TIA (ABCD2 ≥ 6), with
or without ipsilateral large artery stenosis ≥30% (Class 2b) [1].

Since ASA+CLO appears to be associated with a similar recurrent stroke reduction but
a lower risk of major hemorrhage in the CHANCE and POINT trials compared to ASA+TIC
in the THALES trial, we believe that DAPT with ASA+CLO for 21 days is the first-choice
therapy among minor stroke and high-risk TIA patients who satisfy both the CHANCE
and POINT inclusion criteria (NIHSS ≤ 3, ABCD2 ≥ 4) (Class 1). DAPT with ASA+CLO
for 21 days may also be considered in patients outside the CHANCE–POINT but within the
THALES inclusion criteria (NIHSS 4–5, or any TIA with symptomatic extra/intracranial
stenosis) after the recent publication of the INSPIRES study, which included some patients
in this category (Class 2b). DAPT with ASA+TIC, however, may be considered for patients
with recurrent strokes while on clopidogrel or carrying a CYP2C19 allele associated with
clopidogrel resistance (Class 2b) (see Section 7).
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7. Aspirin and Ticagrelor in Short-Term Treatment of Non-Cardioembolic Minor Stroke
and TIA in Carriers of CYP2C19 Loss-of-Function Alleles

Clopidogrel is a pro-drug, and it is converted into an active drug by the liver cy-
tochrome P450 isoenzymes. Carriers of the CYP2C19 loss-of-function (LOF) alleles have a
decreased conversion of clopidogrel to active drug and, thus, may have reduced benefits
with clopidogrel therapy. In a sub-study of the CHANCE trial, 2933 Chinese patients were
genotyped, and 58.8% of them had LOF alleles. These carriers had no significant reduction
in recurrent stroke rate from DAPT compared to aspirin monotherapy (9.4 vs. 10.8%),
whereas a significant reduction was seen in the non-carriers (6.7 vs. 12.4%) [44].

The PRINCE trial (2015–2017) was a phase-II study conducted in China that compared
DAPT with ticagrelor versus clopidogrel in reducing high platelet reactivity after 90 days
of treatment, with both groups being treated with aspirin for the first 21 days. A total
of 650 patients with minor stroke or TIA were recruited within 24 h, and 57.5% of them
were LOF allele carriers. High platelet reactivity was observed in fewer ticagrelor-treated
patients compared to the clopidogrel-treated patients at 90 days in all the participants (12.5
vs. 29.7%). However, this difference was only marginally increased among the CYP2C19
LOF allele carriers (10.8 vs. 35.4%) [45].

CHANCE-2 (2019–2021) was a randomized trial that compared DAPT with tica-
grelor versus clopidogrel plus aspirin in carriers of the CYP2C19 LOF alleles. DAPT
was prescribed for 21 days, followed by ticagrelor or clopidogrel monotherapy for up to
90 days. A total of 11,255 Chinese patients with minor stroke (NIHSS ≤ 3) or high-risk
TIA (ABCD2 ≥ 4) were screened, and 6412 of them, who were confirmed carriers, were
recruited. The average turnaround time for the point-of-care genotyping was 85 min, mak-
ing the study possible when urgent antiplatelet treatment was required in these patients.
The 90-day stroke rate was significantly reduced in the ASA+TIC group compared to the
ASA+CLO group (6.0 vs. 7.6%), with no increase in moderate or severe bleeding (0.3% in
both) [46].

Recommendation 5: This topic has not yet been reviewed in the AHA guideline. We
believe that CYP2C19 genotyping is reasonable for the selection of LOF allele carriers to
receive DAPT with ASA+TIC in patients with minor stroke or high-risk TIA when they
have a history of recurrent events while on clopidogrel (Class 2a). This treatment may
also be considered in all minor stroke or high-risk TIA patients when genotyping can be
obtained in an economical and expedited manner before treatment (Class 2b).

We believe that more studies are required in this area to clarify issues including which
LOF alleles are the most predictive of clopidogrel resistance and clinical outcome, whether
genotyping provides any advantage over the more routinely performed platelet reactivity
tests, whether selective treatment after genotyping is better than treating all patients with
ASA+TIC without genotyping, and the unexpected finding that this treatment option was
associated with more benefits in lower-risk strokes due to small artery disease compared to
higher-risk strokes due to LAA in a subgroup analysis of CHANCE-2 [47].

8. Aspirin and Dipyridamole in Long-Term Secondary Stroke Prevention

Dipyridamole is an inhibitor of platelet cAMP-phosphodiesterase (PDE) and has an
additional vasodilation effect. The aspirin and dipyridamole combination (ASA+DIP)
has been proven a safe therapy in the long-term prevention of non-cardioembolic stroke.
However, some patients are unable to tolerate dipyridamole due to headaches, dizziness,
and gastrointestinal upset.

The ESPS trial (1979–1985) studied aspirin with short-acting dipyridamole 75 mg three
times daily and showed a 37.5% relative risk reduction in stroke compared to placebo [48].
ESPS-2 (1989–1995) compared treatments with aspirin 50 mg daily, extended-release dipyri-
damole 200 mg twice daily, both (ASA+DIP), and placebo. The effects in stroke prevention
were additive for each antiplatelet treatment, and the ASA+DIP combination had a 23%
relative risk reduction in stroke recurrence compared to aspirin alone [49]. The benefit of
the ASA+DIP combination over aspirin monotherapy was confirmed in the ESPRIT trial
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(1997–2005), when the hazard of the primary composite outcome of vascular events was
reduced by 20% [50]. However, this benefit was observed only after 6 months of therapy in
ESPS-2 and after 2 years in ESPRIT in the ASA+DIP groups.

ASA+DIP was compared to clopidogrel in the PRoFESS trial (2003–2008) in 20,322 patients
who were followed up for a mean of 2.5 years. The recurrent stroke rates were similar
(9% vs. 8.8%), but major hemorrhage was increased in the ASA+DIP group (4.1 vs. 3.6%).
Adverse effects resulting in treatment discontinuation occurred more often with ASA+DIP
(16.4 vs. 10.6%), but a 5.9% discontinuation rate due to headache was lower than in previous
studies, likely due to a protocol of slower dose escalation and the use of simple analgesics
when required in the ASA+DIP group in this trial [51].

Recommendation 6: The AHA guideline gives a Class 1 recommendation for using as-
pirin, clopidogrel, or ASA+DIP (the extended-release form) in secondary stroke prevention,
but it does not prefer one option over another [1]. This recommendation is based on the
findings that no significant differences were found between aspirin and clopidogrel in the
CAPRIE trial and between ASA+DIP and clopidogrel in the PRoFESS trial.

Many clinicians, including us, take a slightly different view. We regard the benefits of
ASA+DIP over aspirin monotherapy shown in the ESPS-2 and ESPRIT trials to be robust,
and it is reasonable to consider either ASA+DIP or clopidogrel monotherapy in patients
who fail aspirin therapy or require added protection (Class 2a). Clopidogrel has advantages
over ASA+DIP with a simpler dosing regime and fewer adverse effects, but ASA+DIP
will be useful in many patients, especially in those who fail clopidogrel monotherapy. In
our practice where extended-release dipyridamole is not available, we use aspirin with
short-acting dipyridamole 75 mg three times daily, as this combination was associated with
a similar stroke risk reduction in the ESPS trial to the ASA+DIP (extended-release form)
arm in the ESPS-2 trial (38 vs. 37%) compared to the placebo [48,49].

9. Aspirin or Clopidogrel with Cilostazol in Long-Term Secondary Stroke Prevention

As a specific inhibitor of platelet cAMP-PDE3, cilostazol may have some pharmacolog-
ical advantages over dipyridamole in antiplatelet and vasodilatation effects, and it has been
approved in East Asian countries for secondary stroke prevention. Compared to aspirin,
cilostazol has a similar or possibly slightly better efficacy, but bleeding complications are
significantly reduced, making it an excellent candidate for combination antiplatelet therapy
in long-term use [52].

Similar to dipyridamole, common adverse effects with cilostazol use include headaches,
dizziness, and gastrointestinal upset. Therefore, slow dose escalation and symptomatic
treatment of headaches when required are also recommended when initiating cilostazol.
The ADS trial (2011–2017) performed in Japan among acute non-cardioembolic stroke
patients showed that the aspirin and cilostazole combination (ASA+CIL) given within 48 h
of stroke onset did not result in any decrease in short-term stroke progression or recurrence
within 14 days nor functional improvement at 3 months over aspirin alone [53].

The CSPS.com trial (2013–2018) recruited MRI-proven stroke patients from Japan with
high-risk features, defined as having two or more vascular risk factors or extracranial or
intracranial stenosis ≥50%. They were randomized to cilostazol added to either aspirin
or clopidogrel (ASA/CLO + CIL) compared to aspirin or clopidogrel monotherapy. The
trial was stopped after recruiting 1884 of the projected sample size of 4000 patients due
to slow recruitment. Among the participants, 29% had intracranial stenosis, and 13%
had extracranial stenosis. Combination antiplatelet therapy with cilostazol resulted in
a lower rate of ischemic stroke (2.2 vs. 4.5% per year) and no significant differences in
hemorrhagic events compared to antiplatelet monotherapy. Ten percent of the patients in
the combination therapy group had to stop treatment because of headaches [54].

Recommendation 7: The AHA guideline only gives a Class 2b recommendation
restricted to patients with 50–99% symptomatic intracranial stenosis that cilostazol, in
addition to aspirin or clopidogrel, may be considered for secondary stroke prevention [1],
after reviewing CSPS.com and a few smaller trials in patients with intracranial stenosis.
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The lower class of recommendation is likely due to the non-blinded nature and modest
sample size of CSPS.com and the absence of data outside East Asia.

We agree that more data are required, especially from non-Asian populations. How-
ever, we are encouraged by the efficacy of cilostazol combination therapy among the
patients with intracranial stenosis and lacunar stroke in the CSPS.com trial [55,56] and
the consistent finding of no increases in major bleeding across studies [52]. We feel that
the addition of cilostazol to either aspirin or clopidogrel for long-term secondary stroke
prevention may be considered in all high-risk patients that fulfill the CSPS.com inclusion
criteria (Class 2b), and that it is a reasonable treatment option in East Asian countries where
more experience and trial data of this therapy are available (Class 2a).

10. Discussion

DAPT with different combinations have become important antiplatelet regimes to
provide added protection in the secondary prevention of non-cardioembolic stroke and
TIA over antiplatelet monotherapy; however, they have continued to be underused in
routine clinical practice [28]. The ASA+CLO combination is strongly recommended for the
acute short-term treatment of minor stroke and high-risk TIA, but the different treatment
protocols of the CHANCE and POINT trials, the overlap of patient groups recruited to
ASA+CLO and ASA+TIC trials, and the misunderstanding that antiplatelet-naive patients
should not be treated with DAPT are among the reasons for clinical underuse. For long-
term secondary prevention, there has been controversy in the efficacy of ASA+DIP and
limited experience with ASA/CLO + CIL, but we believe that both ASA+DIP and clopi-
dogrel monotherapy are reasonable antiplatelet options over aspirin monotherapy, and
ASA/CLO + CIL combination may be considered in high-risk patients.

We hope that our review could provide support and confidence for the use of different
DAPT regimes among clinicians in both acute short-term therapy for minor stroke and high-
risk TIA and long-term secondary stroke prevention. We summarize our recommendations
in Table 1.

11. Conclusions

In acute non-disabling ischemic strokes within 4.5 h of symptom onset, the aspirin
and clopidogrel combination is a reasonable treatment option instead of intravenous
thrombolysis. In non-cardioembolic minor ischemic stroke and high-risk TIA, a short-
term therapy of aspirin–clopidogrel combination for 21 days is recommended, but it is
reasonable to extend this treatment to 3 months in symptomatic severe intracranial stenosis.
Aspirin–ticagrelor combination for 3–4 weeks may be considered in selected patients with
minor stroke and high-risk TIA, especially in those carrying a CYPC19 loss-of function
allele associated with clopidogrel resistance. For the long-term secondary prevention of
non-cardioembolic stroke, aspirin–dipyridamole combination is a reasonable alternative to
clopidogrel monotherapy in patients who require added protection over aspirin alone, and
aspirin or clopidogrel combined with cilostazol may be considered in high-risk patients.
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CARESS 31 Clopidogrel and Aspirin for Reduction in Emboli in Symptomatic Carotid Stenosis
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CSPS.com 54 Cilostazol Stroke Prevention Study for Antiplatelet Combination
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INSPIRES 29 Intensive Statin and Antiplatelet Therapy for Acute
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MATCH 9 Management of Atherothrombosis with Clopidogrel in High-risk Patients
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PRINCE 45 Platelet Reactivity in Acute Stroke or Transient Ischemic Attack
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SPS3 8 Secondary Prevention of Small Subcortical Strokes
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WASID 33 Warfarin–Aspirin Symptomatic Intracranial Disease Trial

References
1. Kleindorfer, D.O.; Towfighi, A.; Chaturvedi, S.; Cockroft, K.M.; Gutierrez, J.; Lombardi-Hill, D.; Kamel, H.; Kernan, W.N.; Kittner,

S.J.; Leira, E.C.; 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, e364–e467. [CrossRef] [PubMed]

2. Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis of randomised trials of antiplatelet therapy for prevention of
death, myocardial infarction, and stroke in high risk patients. BMJ 2002, 324, 71–86. [CrossRef]

3. Algra, A.; van Gijn, J. Aspirin at any dose above 30 mg offers only modest protection after cerebral ischaemia. J. Neurol. Neurosurg.
Psychiatry 1996, 60, 197–199. [CrossRef]

4. CAPRIE Steering Committee. A randomised, blinded, trial of clopidogrel versus aspirin in patients at risk of ischaemic events
(CAPRIE). Lancet 1996, 348, 1329–1339. [CrossRef] [PubMed]

5. Yusuf, S.; Zhao, F.; Mehta, S.R.; Chrolavicius, S.; Tognoni, G.; Fox, K.K. Clopidogrel in Unstable Angina to Prevent Recurrent
Events Trial Investigators. Effects of clopidogrel in addition to aspirin in patients with acute coronary syndromes without
ST-segment elevation. N. Engl. J. Med. 2001, 345, 494–502. [CrossRef] [PubMed]

https://doi.org/10.1161/STR.0000000000000375
https://www.ncbi.nlm.nih.gov/pubmed/34024117
https://doi.org/10.1136/bmj.324.7329.71
https://doi.org/10.1136/jnnp.60.2.197
https://doi.org/10.1016/S0140-6736(96)09457-3
https://www.ncbi.nlm.nih.gov/pubmed/8918275
https://doi.org/10.1056/NEJMoa010746
https://www.ncbi.nlm.nih.gov/pubmed/11519503


J. Cardiovasc. Dev. Dis. 2024, 11, 48 12 of 14

6. Steinhubl, S.R.; Berger, P.B.; Mann, J.T., 3rd; Fry, E.T.; DeLago, A.; Wilmer, C.; Topol, E.J.; CREDO Investigators. Clopidogrel for
the Reduction of Events During Observation. Early and sustained dual oral antiplatelet therapy following percutaneous coronary
intervention: A randomized controlled trial. JAMA 2002, 288, 2411–2420. [CrossRef] [PubMed]

7. Bhatt, D.L.; Fox, K.A.; Hacke, W.; Berger, P.B.; Black, H.R.; Boden, W.E.; Cacoub, P.; Cohen, E.A.; Creager, M.A.; Easton, J.D.; et al.
Clopidogrel and aspirin versus aspirin alone for the prevention of atherothrombotic events. N. Engl. J. Med. 2006, 354, 1706–1717.
[CrossRef]

8. SPS3 Investigators; Benavente, O.R.; Hart, R.G.; McClure, L.A.; Szychowski, J.M.; Coffey, C.S.; Pearce, L.A. Effects of clopidogrel
added to aspirin in patients with recent lacunar stroke. N. Engl. J. Med. 2012, 367, 817–825. [CrossRef]

9. Diener, H.C.; Bogousslavsky, J.; Brass, L.M.; Cimminiello, C.; Csiba, L.; Kaste, M.; Leys, D.; Matias-Guiu, J.; Rupprecht, H.J.;
MATCH Investigators. Aspirin and clopidogrel compared with clopidogrel alone after recent ischaemic stroke or transient
ischaemic attack in high-risk patients (MATCH): Randomised, double-blind, placebo-controlled trial. Lancet 2004, 364, 331–337.
[CrossRef]

10. ACTIVE Writing Group of the ACTIVE Investigators; Connolly, S.; Pogue, J.; Hart, R.; Pfeffer, M.; Hohnloser, S.; Chrolavicius,
S.; Pfeffer, M.; Hohnloser, S.; Yusuf, S. Clopidogrel plus aspirin versus oral anticoagulation for atrial fibrillation in the Atrial
fibrillation Clopidogrel Trial with Irbesartan for prevention of Vascular Events (ACTIVE W): A randomised controlled trial. Lancet
2006, 367, 1903–1912. [CrossRef]

11. ACTIVE Investigators; Connolly, S.J.; Pogue, J.; Hart, R.G.; Hohnloser, S.H.; Pfeffer, M.; Chrolavicius, S.; Yusuf, S. Effect of
clopidogrel added to aspirin in patients with atrial fibrillation. N. Engl. J. Med. 2009, 360, 2066–2078. [CrossRef] [PubMed]

12. Connolly, S.J.; Eikelboom, J.; Joyner, C.; Diener, H.C.; Hart, R.; Golitsyn, S.; Flaker, G.; Avezum, A.; Hohnloser, S.H.; Diaz, R.; et al.
Apixaban in patients with atrial fibrillation. N. Engl. J. Med. 2011, 364, 806–817. [CrossRef] [PubMed]

13. Johnston, S.C.; Gress, D.R.; Browner, W.S.; Sidney, S. Short-term prognosis after emergency department diagnosis of TIA. JAMA
2000, 284, 2901–2906. [CrossRef] [PubMed]

14. Coull, A.J.; Lovett, J.K.; Rothwell, P.M.; Oxford Vascular Study. Population based study of early risk of stroke after transient
ischaemic attack or minor stroke: Implications for public education and organisation of services. BMJ 2004, 328, 326. [CrossRef]
[PubMed]

15. Rothwell, P.M.; Giles, M.F.; Chandratheva, A.; Marquardt, L.; Geraghty, O.; Redgrave, J.N.; Lovelock, C.E.; Binney, L.E.; Bull,
L.M.; Cuthbertson, F.C.; et al. Early use of Existing Preventive Strategies for Stroke (EXPRESS) study. Effect of urgent treatment
of transient ischaemic attack and minor stroke on early recurrent stroke (EXPRESS study): A prospective population-based
sequential comparison. Lancet 2007, 370, 1432–1442. [CrossRef] [PubMed]

16. Lavallée, P.C.; Meseguer, E.; Abboud, H.; Cabrejo, L.; Olivot, J.M.; Simon, O.; Mazighi, M.; Nifle, C.; Niclot, P.; Lapergue, B.; et al.
A transient ischaemic attack clinic with round-the-clock access (SOS-TIA): Feasibility and effects. Lancet Neurol. 2007, 6, 953–960.
[CrossRef] [PubMed]

17. Kennedy, J.; Hill, M.D.; Ryckborst, K.J.; Eliasziw, M.; Demchuk, A.M.; Buchan, A.M.; FASTER Investigators. Fast assessment of
stroke and transient ischaemic attack to prevent early recurrence (FASTER): A randomised controlled pilot trial. Lancet Neurol.
2007, 6, 961–969. [CrossRef] [PubMed]

18. Wang, Y.; Wang, Y.; Zhao, X.; Liu, L.; Wang, D.; Wang, C.; Wang, C.; Li, H.; Meng, X.; Cui, L.; et al. Clopidogrel with aspirin in
acute minor stroke or transient ischemic attack. N. Engl. J. Med. 2013, 369, 11–19. [CrossRef]

19. Johnston, S.C.; Easton, J.D.; Farrant, M.; Barsan, W.; Conwit, R.A.; Elm, J.J.; Kim, A.S.; Lindblad, A.S.; Palesch, Y.Y.; Clinical
Research Collaboration, Neurological Emergencies Treatment Trials Network, and the POINT Investigators. Clopidogrel and
Aspirin in Acute Ischemic Stroke and High-Risk TIA. N. Engl. J. Med. 2018, 379, 215–225. [CrossRef]

20. Rothwell, P.M.; Algra, A.; Chen, Z.; Diener, H.C.; Norrving, B.; Mehta, Z. Effects of aspirin on risk and severity of early recurrent
stroke after transient ischaemic attack and ischaemic stroke: Time-course analysis of randomised trials. Lancet 2016, 388, 365–375.
[CrossRef]

21. Tillman, H.; Johnston, S.C.; Farrant, M.; Barsan, W.; Elm, J.J.; Kim, A.S.; Lindblad, A.; Palesch, Y.Y.; Easton, J.D. Risk for Major
Hemorrhages in Patients Receiving Clopidogrel and Aspirin Compared with Aspirin Alone After Transient Ischemic Attack
or Minor Ischemic Stroke: A Secondary Analysis of the POINT Randomized Clinical Trial. JAMA Neurol. 2019, 76, 774–782.
[CrossRef] [PubMed]

22. Hao, Q.; Tampi, M.; O’Donnell, M.; Foroutan, F.; Siemieniuk, R.A.; Guyatt, G. Clopidogrel plus aspirin versus aspirin alone for
acute minor ischaemic stroke or high risk transient ischaemic attack: Systematic review and meta-analysis. BMJ 2018, 363, k5108.
[CrossRef]

23. Pan, Y.; Elm, J.J.; Li, H.; Easton, J.D.; Wang, Y.; Farrant, M.; Meng, X.; Kim, A.S.; Zhao, X.; Meurer, W.J.; et al. Outcomes Associated
with Clopidogrel-Aspirin Use in Minor Stroke or Transient Ischemic Attack: A Pooled Analysis of Clopidogrel in High-Risk
Patients with Acute Non-Disabling Cerebrovascular Events (CHANCE) and Platelet-Oriented Inhibition in New TIA and Minor
Ischemic Stroke (POINT) Trials. JAMA Neurol. 2019, 76, 1466–1473. [CrossRef] [PubMed]

24. Rahman, H.; Khan, S.U.; Nasir, F.; Hammad, T.; Meyer, M.A.; Kaluski, E. Optimal Duration of Aspirin Plus Clopidogrel After
Ischemic Stroke or Transient Ischemic Attack. Stroke 2019, 50, 947–953. [CrossRef] [PubMed]

25. Johnston, S.C.; Rothwell, P.M.; Nguyen-Huynh, M.N.; Giles, M.F.; Elkins, J.S.; Bernstein, A.L.; Sidney, S. Validation and refinement
of scores to predict very early stroke risk after transient ischaemic attack. Lancet 2007, 369, 283–292. [CrossRef] [PubMed]

https://doi.org/10.1001/jama.288.19.2411
https://www.ncbi.nlm.nih.gov/pubmed/12435254
https://doi.org/10.1056/NEJMoa060989
https://doi.org/10.1056/NEJMoa1204133
https://doi.org/10.1016/S0140-6736(04)16721-4
https://doi.org/10.1016/S0140-6736(06)68845-4
https://doi.org/10.1056/NEJMoa0901301
https://www.ncbi.nlm.nih.gov/pubmed/19336502
https://doi.org/10.1056/NEJMoa1007432
https://www.ncbi.nlm.nih.gov/pubmed/21309657
https://doi.org/10.1001/jama.284.22.2901
https://www.ncbi.nlm.nih.gov/pubmed/11147987
https://doi.org/10.1136/bmj.37991.635266.44
https://www.ncbi.nlm.nih.gov/pubmed/14744823
https://doi.org/10.1016/S0140-6736(07)61448-2
https://www.ncbi.nlm.nih.gov/pubmed/17928046
https://doi.org/10.1016/S1474-4422(07)70248-X
https://www.ncbi.nlm.nih.gov/pubmed/17928270
https://doi.org/10.1016/S1474-4422(07)70250-8
https://www.ncbi.nlm.nih.gov/pubmed/17931979
https://doi.org/10.1056/NEJMoa1215340
https://doi.org/10.1056/NEJMoa1800410
https://doi.org/10.1016/S0140-6736(16)30468-8
https://doi.org/10.1001/jamaneurol.2019.0932
https://www.ncbi.nlm.nih.gov/pubmed/31034032
https://doi.org/10.1136/bmj.k5108
https://doi.org/10.1001/jamaneurol.2019.2531
https://www.ncbi.nlm.nih.gov/pubmed/31424481
https://doi.org/10.1161/STROKEAHA.118.023978
https://www.ncbi.nlm.nih.gov/pubmed/30852971
https://doi.org/10.1016/S0140-6736(07)60150-0
https://www.ncbi.nlm.nih.gov/pubmed/17258668


J. Cardiovasc. Dev. Dis. 2024, 11, 48 13 of 14

26. Amarenco, P.; Labreuche, J.; Lavallée, P.C.; Meseguer, E.; Cabrejo, L.; Slaoui, T.; Guidoux, C.; Olivot, J.M.; Abboud, H.; Lapergue,
B.; et al. Does ABCD2 score below 4 allow more time to evaluate patients with a transient ischemic attack? Stroke 2009, 40,
3091–3095. [CrossRef]

27. Berberich, A.; Schneider, C.; Reiff, T.; Gumbinger, C.; Ringleb, P.A. Dual Antiplatelet Therapy Improves Functional Outcome in
Patients with Progressive Lacunar Strokes. Stroke 2019, 50, 1007–1009. [CrossRef]

28. Xian, Y.; Xu, H.; Matsouaka, R.; Laskowitz, D.T.; Maisch, L.; Hannah, D.; Smith, E.E.; Fonarow, G.C.; Bhatt, D.L.; Schwamm, L.H.;
et al. Analysis of Prescriptions for Dual Antiplatelet Therapy After Acute Ischemic Stroke. JAMA Netw. Open 2022, 5, e2224157.
[CrossRef]

29. Gao, Y.; Chen, W.; Pan, Y.; Jing, J.; Wang, C.; Johnston, S.C.; Amarenco, P.; Bath, P.M.; Jiang, L.; Yang, Y.; et al. Dual Antiplatelet
Treatment up to 72 Hours after Ischemic Stroke. N. Engl. J. Med. 2023, 389, 2413–2424. [CrossRef]

30. Clarke, A.; Reddin, C.; Murphy, R.; O’Donnell, M.J. Does prior use of antiplatelet therapy modify the effect of dual antiplatelet
therapy in transient ischaemic attack/minor ischaemic stroke: A systematic review and meta-analysis. Eur. J. Neurol. 2022, 29,
2864–2868. [CrossRef]

31. Markus, H.S.; Droste, D.W.; Kaps, M.; Larrue, V.; Lees, K.R.; Siebler, M.; Ringelstein, E.B. Dual antiplatelet therapy with
clopidogrel and aspirin in symptomatic carotid stenosis evaluated using doppler embolic signal detection: The Clopidogrel and
Aspirin for Reduction of Emboli in Symptomatic Carotid Stenosis (CARESS) trial. Circulation 2005, 111, 2233–2240. [CrossRef]

32. Wong, K.S.; Chen, C.; Fu, J.; Chang, H.M.; Suwanwela, N.C.; Huang, Y.N.; Han, Z.; Tan, K.S.; Ratanakorn, D.; Chollate, P.; et al.
Clopidogrel plus aspirin versus aspirin alone for reducing embolisation in patients with acute symptomatic cerebral or carotid
artery stenosis (CLAIR study): A randomised, open-label, blinded-endpoint trial. Lancet Neurol. 2010, 9, 489–497. [CrossRef]
[PubMed]

33. Chimowitz, M.I.; Lynn, M.J.; Howlett-Smith, H.; Stern, B.J.; Hertzberg, V.S.; Frankel, M.R.; Levine, S.R.; Chaturvedi, S.; Kasner,
S.E.; Benesch, C.G.; et al. Warfarin-Aspirin Symptomatic Intracranial Disease Trial Investigators. Comparison of warfarin and
aspirin for symptomatic intracranial arterial stenosis. N. Engl. J. Med. 2005, 352, 1305–1316. [CrossRef] [PubMed]

34. Kasner, S.E.; Chimowitz, M.I.; Lynn, M.J.; Howlett-Smith, H.; Stern, B.J.; Hertzberg, V.S.; Frankel, M.R.; Levine, S.R.; Chaturvedi,
S.; Benesch, C.G.; et al. Warfarin Aspirin Symptomatic Intracranial Disease Trial Investigators. Predictors of ischemic stroke in the
territory of a symptomatic intracranial arterial stenosis. Circulation 2006, 113, 555–563. [CrossRef] [PubMed]

35. Chimowitz, M.I.; Lynn, M.J.; Derdeyn, C.; Turan, T.N.; Fiorella, D.; Lane, B.F.; Janis, L.S.; Lutsep, H.L.; Barnwell, S.L.; Waters, M.F.;
et al. SAMMPRIS Trial Investigators. Stenting versus aggressive medical therapy for intracranial arterial stenosis. N. Engl. J. Med.
2011, 365, 993–1003. [CrossRef] [PubMed]

36. Abdul Rahman, L.; Turan, T.N.; Cotsonis, G.; Almallouhi, E.; Holmstedt, C.A.; Chimowitz, M.I. Dual Antiplatelet Therapy Beyond
90 days in Symptomatic Intracranial Stenosis in the SAMMPRIS Trial. J. Stroke Cerebrovasc. Dis. 2020, 29, 105254. [CrossRef]

37. Ku, J.C.; Taslimi, S.; Zuccato, J.; Pasarikovski, C.R.; Nasr, N.; Chechik, O.; Chisci, E.; Bissacco, D.; Larrue, V.; Rabinovich, Y.;
et al. Editor’s Choice—Peri-Operative Outcomes of Carotid Endarterectomy are Not Improved on Dual Antiplatelet Therapy
vs. Aspirin Monotherapy: A Systematic Review and Meta-Analysis. Eur. J. Vasc. Endovasc. Surg. 2022, 63, 546–555. [CrossRef]
[PubMed]

38. Khatri, P.; Kleindorfer, D.O.; Devlin, T.; Sawyer, R.N., Jr.; Starr, M.; Mejilla, J.; Broderick, J.; Chatterjee, A.; Jauch, E.C.; Levine, S.R.;
et al. Effect of Alteplase vs Aspirin on Functional Outcome for Patients with Acute Ischemic Stroke and Minor Nondisabling
Neurologic Deficits: The PRISMS Randomized Clinical Trial. JAMA 2018, 320, 156–166. [CrossRef] [PubMed]

39. Chen, H.S.; Cui, Y.; Zhou, Z.H.; Zhang, H.; Wang, L.X.; Wang, W.Z.; Shen, L.Y.; Guo, L.Y.; Wang, E.Q.; Wang, R.X.; et al. Dual
Antiplatelet Therapy vs Alteplase for Patients with Minor Nondisabling Acute Ischemic Stroke: The ARAMIS Randomized
Clinical Trial. JAMA 2023, 329, 2135–2144. [CrossRef]

40. Sykora, M.; Krebs, S.; Miksova, D.; Badic, I.; Gattringer, T.; Fandler-Höfler, S.; Marko, M.; Greisenegger, S.; Knoflach, M.; Lang, W.;
et al. IV Thrombolysis vs. Early Dual Antiplatelet Therapy in Patients with Mild Noncardioembolic Ischemic Stroke. Neurology
2023, 101, e933–e939. [CrossRef]

41. Johnston, S.C.; Amarenco, P.; Albers, G.W.; Denison, H.; Easton, J.D.; Evans, S.R.; Held, P.; Jonasson, J.; Minematsu, K.; Molina,
C.A.; et al. Ticagrelor versus Aspirin in Acute Stroke or Transient Ischemic Attack. N. Engl. J. Med. 2016, 375, 35–43. [CrossRef]
[PubMed]

42. Johnston, S.C.; Amarenco, P.; Denison, H.; Evans, S.R.; Himmelmann, A.; James, S.; Knutsson, M.; Ladenvall, P.; Molina, C.A.;
Wang, Y.; et al. Ticagrelor and Aspirin or Aspirin Alone in Acute Ischemic Stroke or TIA. N. Engl. J. Med. 2020, 383, 207–217.
[CrossRef] [PubMed]

43. Amarenco, P.; Denison, H.; Evans, S.R.; Himmelmann, A.; James, S.; Knutsson, M.; Ladenvall, P.; Molina, C.A.; Wang, Y.; Johnston,
S.C.; et al. Ticagrelor Added to Aspirin in Acute Nonsevere Ischemic Stroke or Transient Ischemic Attack of Atherosclerotic
Origin. Stroke 2020, 51, 3504–3513. [CrossRef] [PubMed]

44. Wang, Y.; Zhao, X.; Lin, J.; Li, H.; Johnston, S.C.; Lin, Y.; Pan, Y.; Liu, L.; Wang, D.; Wang, C.; et al. Association Between CYP2C19
Loss-of-Function Allele Status and Efficacy of Clopidogrel for Risk Reduction Among Patients with Minor Stroke or Transient
Ischemic Attack. JAMA 2016, 316, 70–78. [CrossRef] [PubMed]

45. Wang, Y.; Chen, W.; Lin, Y.; Meng, X.; Chen, G.; Wang, Z.; Wu, J.; Wang, D.; Li, J.; Cao, Y.; et al. Ticagrelor plus aspirin versus
clopidogrel plus aspirin for platelet reactivety in patients with minor stroke or transient ischaemic attack: Open label, blinded
endpoint, randomized controlled phase II trial. BMJ 2019, 365, l2211. [CrossRef] [PubMed]

https://doi.org/10.1161/STROKEAHA.109.552042
https://doi.org/10.1161/STROKEAHA.118.023789
https://doi.org/10.1001/jamanetworkopen.2022.24157
https://doi.org/10.1056/NEJMoa2309137
https://doi.org/10.1111/ene.15433
https://doi.org/10.1161/01.CIR.0000163561.90680.1C
https://doi.org/10.1016/S1474-4422(10)70060-0
https://www.ncbi.nlm.nih.gov/pubmed/20335070
https://doi.org/10.1056/NEJMoa043033
https://www.ncbi.nlm.nih.gov/pubmed/15800226
https://doi.org/10.1161/CIRCULATIONAHA.105.578229
https://www.ncbi.nlm.nih.gov/pubmed/16432056
https://doi.org/10.1056/NEJMoa1105335
https://www.ncbi.nlm.nih.gov/pubmed/21899409
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105254
https://doi.org/10.1016/j.ejvs.2021.12.037
https://www.ncbi.nlm.nih.gov/pubmed/35241374
https://doi.org/10.1001/jama.2018.8496
https://www.ncbi.nlm.nih.gov/pubmed/29998337
https://doi.org/10.1001/jama.2023.7827
https://doi.org/10.1212/WNL.0000000000207538
https://doi.org/10.1056/NEJMoa1603060
https://www.ncbi.nlm.nih.gov/pubmed/27160892
https://doi.org/10.1056/NEJMoa1916870
https://www.ncbi.nlm.nih.gov/pubmed/32668111
https://doi.org/10.1161/STROKEAHA.120.032239
https://www.ncbi.nlm.nih.gov/pubmed/33198608
https://doi.org/10.1001/jama.2016.8662
https://www.ncbi.nlm.nih.gov/pubmed/27348249
https://doi.org/10.1136/bmj.l2211
https://www.ncbi.nlm.nih.gov/pubmed/31171523


J. Cardiovasc. Dev. Dis. 2024, 11, 48 14 of 14

46. Wang, Y.; Meng, X.; Wang, A.; Xie, X.; Pan, Y.; Johnston, S.C.; Li, H.; Bath, P.M.; Dong, Q.; Xu, A.; et al. Ticagrelor versus
Clopidogrel in CYP2C19 Loss-of-Function Carriers with Stroke or TIA. N. Engl. J. Med. 2021, 385, 2520–2530. [CrossRef] [PubMed]

47. Xie, X.; Jing, J.; Meng, X.; Johnston, S.C.; Bath, P.M.; Li, Z.; Zhao, X.; Liu, L.; Wang, Y.; Xu, Q.; et al. Dual Antiplatelet Therapies
and Causes in Minor Stroke or Transient Ischemic Attack: A Prespecified Analysis in the CHANCE-2 Trial. Stroke 2023, 54,
2241–2250. [CrossRef] [PubMed]

48. ESPS Group. European Stroke Prevention Study. Stroke 1990, 21, 1122–1130. [CrossRef]
49. Diener, H.C.; Cunha, L.; Forbes, C.; Sivenius, J.; Smets, P.; Lowenthal, A. European Stroke Prevention Study 2. Dipyridamole and

acetylsalicylic acid in the secondary prevention of stroke. J. Neurol. Sci. 1996, 143, 1–13. [CrossRef]
50. ESPRIT Study Group; Halkes, P.H.; van Gijn, J.; Kappelle, L.J.; Koudstaal, P.J.; Algra, A. Aspirin plus dipyridamole versus aspirin

alone after cerebral ischaemia of arterial origin (ESPRIT): Randomised controlled trial. Lancet 2006, 367, 1665–1673. [CrossRef]
51. Sacco, R.L.; Diener, H.C.; Yusuf, S.; Cotton, D.; Ounpuu, S.; Lawton, W.A.; Palesch, Y.; Martin, R.H.; Albers, G.W.; Bath, P.;

et al. Aspirin and extended-release dipyridamole versus clopidogrel for recurrent stroke. N. Engl. J. Med. 2008, 359, 1238–1251.
[CrossRef] [PubMed]

52. Tan, C.H.; Wu, A.G.; Sia, C.H.; Leow, A.S.; Chan, B.P.; Sharma, V.K.; Yeo, L.L.; Tan, B.Y. Cilostazol for secondary stroke prevention:
Systematic review and meta-analysis. Stroke Vasc. Neurol. 2021, 6, 410–423. [CrossRef]

53. Aoki, J.; Iguchi, Y.; Urabe, T.; Yamagami, H.; Todo, K.; Fujimoto, S.; Idomari, K.; Kaneko, N.; Iwanaga, T.; Terasaki, T.; et al. Acute
Aspirin Plus Cilostazol Dual Therapy for Noncardioembolic Stroke Patients Within 48 Hours of Symptom Onset. J. Am. Heart
Assoc. 2019, 8, e012652. [CrossRef]

54. Toyoda, K.; Uchiyama, S.; Yamaguchi, T.; Easton, J.D.; Kimura, K.; Hoshino, H.; Sakai, N.; Okada, Y.; Tanaka, K.; Origasa, H.;
et al. Dual antiplatelet therapy using cilostazol for secondary prevention in patients with high-risk ischaemic stroke in Japan: A
multicentre, open-label, randomised controlled trial. Lancet Neurol. 2019, 18, 539–548. [CrossRef]

55. Uchiyama, S.; Toyoda, K.; Omae, K.; Saita, R.; Kimura, K.; Hoshino, H.; Sakai, N.; Okada, Y.; Tanaka, K.; Origasa, H.; et al. Dual
Antiplatelet Therapy Using Cilostazol in Patients with Stroke and Intracranial Arterial Stenosis. J. Am. Heart Assoc. 2021, 10,
e022575. [CrossRef]

56. Nishiyama, Y.; Kimura, K.; Otsuka, T.; Toyoda, K.; Uchiyama, S.; Hoshino, H.; Sakai, N.; Okada, Y.; Origasa, H.; Naritomi, H.;
et al. Dual Antiplatelet Therapy with Cilostazol for Secondary Prevention in Lacunar Stroke: Subanalysis of the CSPS.com Trial.
Stroke 2023, 54, 697–705. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1056/NEJMoa2111749
https://www.ncbi.nlm.nih.gov/pubmed/34708996
https://doi.org/10.1161/STROKEAHA.122.042233
https://www.ncbi.nlm.nih.gov/pubmed/37548009
https://doi.org/10.1161/01.STR.21.8.1122
https://doi.org/10.1016/S0022-510X(96)00308-5
https://doi.org/10.1016/S0140-6736(06)68734-5
https://doi.org/10.1056/NEJMoa0805002
https://www.ncbi.nlm.nih.gov/pubmed/18753638
https://doi.org/10.1136/svn-2020-000737
https://doi.org/10.1161/JAHA.119.012652
https://doi.org/10.1016/S1474-4422(19)30148-6
https://doi.org/10.1161/JAHA.121.022575
https://doi.org/10.1161/STROKEAHA.122.039900

	Introduction 
	Aspirin and Clopidogrel in Long-Term Stroke Prevention 
	Aspirin and Clopidogrel in Short-Term Treatment of Non-Cardioembolic Minor Stroke and TIA 
	Aspirin and Clopidogrel in Large Artery Atherosclerosis 
	Aspirin and Clopidogrel Instead of Intravenous Thrombolysis in Minor Non-Disabling Stroke within 4.5 h of Onset 
	Aspirin and Ticagrelor in Short-Term Treatment of Non-Cardioembolic Minor Stroke and TIA 
	Aspirin and Ticagrelor in Short-Term Treatment of Non-Cardioembolic Minor Stroke and TIA in Carriers of CYP2C19 Loss-of-Function Alleles 
	Aspirin and Dipyridamole in Long-Term Secondary Stroke Prevention 
	Aspirin or Clopidogrel with Cilostazol in Long-Term Secondary Stroke Prevention 
	Discussion 
	Conclusions 
	References

