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Abstract

Platelets play an essential role in atherothrombosis and for this reason they are the primary target of antithrombotic therapy in ischemic
stroke. We discussed here the evidence for efficacy and safety of current knowledge in antiplatelet therapy for stroke prevention after an
acute ischemic stroke or transient ischemic attack. After an acute episode, long-term antithrombotic therapy is essential for the secondary
prevention of stroke recurrence and complications. Antiplatelet therapy for acute ischemic stroke (non-cardioembolic) or ischemic stroke
consists of three antiplatelet drugs, in accordance with Food and Drug Administration (FDA) from the USA and also with the Guidelines
published by the American Heart Association (AHA) and nevertheless with the Guidelines of the American Stroke Association (ASA), in 2014,
for preventing vascular events, such as stroke. These are aspirin, clopidogrel and dipyridamole. Moreover, recent randomized clinical trials
and the last Guidelines for stroke of AHA/ASA, in 2018, also mention ticagrelor. All of these antiplatelet therapies, besides inhibiting acute
arterial thrombosis, also interfere with physiological hemostasis. In conclusion, we can say that current recommendations focused primarily
on the therapy with aspirin for the secondary prevention of stroke in patients that presented vascular events, such as ischemic stroke of
non-cardioembolic cause or transient ischemic attack and, as appropriate, aspirin plus dipyridamol or clopidogrel. The new therapy with
ticagrelor in secondary stroke prevention seems to be promising, but more randomized clinical trials are needed to accurately assess the

safety and efficacy of this new antiplatelet drug.
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=& Introduction

Stroke, along with coronary artery disease and
peripheral arterial disease, is a major health problem
that is caused by the formation of a thrombus following
the rupture of the atheroma plaque [1].

Taking into account the frequency and importance
of stroke, it is situated on the first position in terms of
all neurological diseases encountered in adulthood [2].
Stroke is a huge burden if we look at things from a global
perspective. In 2013, stroke was the second cause of death
(11.8% of all deaths) worldwide after acute myocardial
infarction that was responsible of 14.8% of all deaths all
over the world and it is the third most common cause of
disability (4.5% of total disability-adjusted life years),
after ischemic heart disease (6.1%) and oncological
disorders [2].

After an acute episode, long-term antithrombotic
therapy is essential for the secondary prevention of stroke
recurrence and complications [1]. We discussed here the
evidence for efficacy and safety of current knowledge in
antiplatelet therapy for stroke prevention after an acute
cerebral vascular event (including transient ischemic
attack and ischemic stroke).

For creating a review of the therapy based on anti-
platelet drugs in ischemic stroke, we studied several
databases [Medline, Scopus, PubMed, World Health
Organization (WHO) Library, WHO Regional Databases,
Google Scholar], in order to identify original articles and

reviews published over the past decade on the secondary
prevention of ischemic stroke by using antiplatelet therapy,
we took into account the recommendations of current
guidelines on this issue, but also the latest clinical trials
or published cohort studies, according to the current
recommendations on reviews and meta-analyses, included
in Meta-Analysis of Observational Studies in Epidemiology
[3-5].

The aim of this study was to bring into light the newest
information about the antiplatelet therapy in secondary
ischemic stroke prevention.

= Antiplatelet therapy

The two major causes of ischemic stroke are cerebral
embolism and atherothrombosis or atherosclerotic-
thrombotic disease of cerebral or extracerebral vessels [1].
Platelets play an essential role in atherothrombosis and
for this reason they are the primary target of antithrombotic
therapy in ischemic stroke [6].

Antiplatelet therapy for acute ischemic stroke (non-
cardioembolic) or ischemic stroke consists of three anti-
platelet drugs approved in the USA by the Food and Drug
Administration (FDA), in accordance with the Guidelines of
the American Heart Association (AHA) and nevertheless in
accordance with the Guidelines published by the American
Stroke Association (ASA), in 2014, for preventing vascular
events, such as stroke [7]. These are aspirin, clopidogrel
and dipyridamole [7]. In addition, recent randomized
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clinical trials and the last Guidelines for stroke of AHA/
ASA, in 2018, also mention ticagrelor [8]. All of these
antiplatelet therapies, besides inhibiting acute arterial
thrombosis, also interfere with physiological hemostasis
[9].

Aspirin (acetylsalicylic acid) is the first antiplatelet
agent used for over a hundred years but has not yet
lost its utility [10]. It is an irreversible inhibitor of
cyclooxygenase-1 (COX-1), the enzyme involved in the
transformation of arachidonic acid into thromboxane A2
(TxA2), which acts as a platelet activator, as well as a
vasoconstrictor [10]. It was proved that using aspirin for
a long period of time helps reducing by approximately
20-25% the risk of major vascular events consisting of
ischemic stroke, myocardial infarction and even death in
patients with atherothrombotic disease having an inter-
mediate or a high risk [10]. On the other hand, due to the
fact that aspirin inhibits only partial platelet aggregation,
but also due to the gastrointestinal side effects, far more
specific, more potent and consistent platelets are still
being investigated. The 4AHA/ASA Guidelines of 2018
maintains Class I (strength) of recommendation (COR)
and level A (quality) of evidence (LOE) for the use of
antiplatelet agents in patients with non-cardioembolic acute
ischemic stroke for reducing stroke recurrence or other
cardiovascular events, rather than oral anticoagulation [8].
For patients who had an acute ischemic stroke during
the treatment with aspirin, changing the aspirin dose or
using another antiplatelet agent instead of aspirin for
secondary stroke prevention has not been well established
by clinical trials, so the AHA/ASA Guidelines of 2018
giving COR IIb and LOE BR [8]. It should be noted that
the benefits of aspirin are similar at doses ranging from
50 to 1500 mg daily, while its adverse effects increase
proportionally to doses [7].

Another category of antiplatelet agents is P2Y12
blockers [11-14]. P2Y12 is considered the most important
receptor involved in platelet aggregation mediated by
adenosine diphosphate (ADP), being the therapeutic target
of two major classes of antiplatelet drugs [10]. On one
hand, we have the class of thienopyridines (clopidogrel,
prasugrel and ticlopidine) that are selective but irreversible
P2Y12 inhibitors [10]. Also, on the other hand, direct and
reversible P2Y12 blockers include ticagrelor, cangrelor
and elinogrel [15, 16]. Of the P2Y12 receptor inhibitors,
randomized clinical trials have been performed so far only
for clopidogrel and ticagrelor, as we shall see below.
Ticlopidine is no longer used due to its high adverse effects
compared to clopidogrel, although it was evaluated in
three randomized clinical trials in patients with cerebro-
vascular blisters [17-19].

Dipyridamole is an agent that inhibits phospho-
diesterase-5, thus increasing the degree of inhibition of
prostacyclin-related platelet aggregation [20]. The 200 mg
dose is commonly used with 50 mg aspirin for stroke
[such as European Stroke Prevention Study 2 (ESPS-2)
and European/Australasian study that presents the Stroke
Prevention in a Reversible Ischemia Trial (ESPRIT)
showed] but it is not superior to clopidogrel in secondary
stroke prevention according to the Prevention Regimen
for Effectively Avoiding Second Strokes (PRoFESS) trial.

Triflusal (an aspirin-like agent that irreversibly inhibits

COX-1), mainly used in Spain and Latin America, is a
new anti-aggregator but with less potency than aspirin,
as showed in the Triflusal Aspirin Cerebral Infarction
Prevention (TACIP) trial for stroke prevention [7]. Also,
cilostazol (inhibitor of phosphodiesterase-3) but also
sarpogrelate were studied for their beneficial effects in
secondary stroke prevention [21-25].

= Recent clinical trials on antiplatelet
therapy in stroke

Aspirin and dipyridamole

The first trial comparing the efficacy of aspirin and
dipyridamole vs. placebo was ESPS-1, which included
2500 patients with a recent cerebrovascular event (stroke,
transient ischemic attachment or reversible ischemic
neurological deficit), patients who were subdivided into
two groups [26]. The first group of patients (n=1250) was
treated with aspirin 325 mg and dipyridamole 75 mg, while
the second group of patients (n=1250) received placebo,
the first group 108 (16%) patients died, while in the second
group, 156 (25%) deaths were recorded [relative risk (RR):
33%, p<0.001] [26].

The ESPS-2 was another more comprehensive trial
than ESPS-1, which included 6602 patients with pre-stroke
or ischemic stroke, patients who were divided into four
groups [27]. The first group of patients received twice a
day double antiplatelet therapy consisting of 25 mg aspirin
and 200 mg dipyridamole, the second group received twice
a day 25 mg aspirin, the third group received 400 mg
dipyridamole daily, placebo group. Primary endpoints
were death, stroke and death and stroke together [27].
The study’s final results pointed a decrease of about 24%
in stroke occurrence in the group of patients treated with
aspirin plus dipyridamole, a 15% reduction in the group
of patients that received dipyridamole alone and a 13%
reduction in the group of patients that received only
aspirin [27].

Another trial, ESPRIT, made a comparison between
the double antiplatelet therapy consisting of a dose of aspirin
between 30-325 mg and a dose of 200 mg dipyridamole
received twice a day (n=1363) and the therapy consisting
of aspirin alone (#=1376) [20]. The primary outcome events
were: regardless of cause, myocardial infarction and
stroke both non-fatal and major bleeding [20]. Patients
included in the study were surveilled for three years and
a half and so it was revealed a recurrence of primary
outcome events for 13% (n=173) of patients treated with
aspirin (median dose was 75 mg) plus dipyridamole [hazard
ratio (HR): 0.8%, 95% confidence interval (CI): 0.66—0.98]
and 16% (n=216) of patients treated with aspirin alone
(a risk reduction of approximately 1% per year, 95% CI:
0.1-1.8) [20].

Double antiplatelet therapy consisting of both
aspirin and dipyridamole compared to the therapy
with clopidogrel alone

The PRoOFESS study included 20 332 patients with
ischemic stroke and compared the effectiveness of
clopidogrel alone or aspirin plus dipyridamole with 80 mg
telmisartan or placebo daily [28]. Recurrent stroke was
observed in about 9% of the patients that received
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aspirin plus dipyridamole (n=916) and in about 9% of
patients treated with clopidogrel alone (#=898), with no
statistically significant difference between the two groups
of pediatricians p=0.38), so clopidogrel treatment was
not more effective than treatment with aspirin plus
dipyridamole [28].

Aspirin vs. clopidogrel

The CAPRIE (study that made a comparison between
the treatment with Clopidogrel and the treatment with
Aspirin in Patients that presented a Risk for Ischemic
Events) was a primary blinded, randomized, study that
was meant to evaluate the efficacy of the daily treatment
with 75 mg of clopidogrel and 325 mg of aspirin in
19 185 patients [29]. For the group of patients treated
with clopidogrel, the risk of primary outcome vascular
events (such as ischemic stroke or myocardial infarction
and even death) was 5.32% and for the group of patients
that received aspirin, the risk for primary outcome vascular
events was 5.83%, this data reflecting a statistically
significant difference between the two groups of patients
(p=0.043), there was also in favor of the treatment with
clopidogrel a reduction of the RR of about 8.7% (95%
CI: 0.3-16.5) in favor of clopidogrel [29]. This study
highlights the greater effectiveness of the treatment with
clopidogrel in comparison with the treatment with aspirin
in what secondary prevention of cerebral vascular events
(stroke) is concerned in patients that had suffered before
a stroke or other atherosclerotic vascular disease [29].

A study that evaluated the effectiveness of double
antiplatelet therapy (aspirin 75 mg and clopidogrel 75 mg)
than clopidogrel alone (75 mg) was MATCH study (that
presented the Management of Atherothrombosis based on
the treatment with Clopidogrel in patients with High-risk)
[30]. This study included 7599 patients with an elevated
risk, who had transient ischemic attach or recent ischemic
stroke [30]. Of these, approximately 15.7% (n=596), who
were treated with aspirin and clopidogrel, reached the
primary composite endpoint similar to those who received
clopidogrel alone (16.7%, n=636), there was no statistically
significant difference, thus double antiplatelet therapy
was not superior compared to clopidogrel alone in the
secondary prevention of stroke [30].

Another study comparing double antiplatelet therapy
(aspirin and clopidogrel) vs. aspirin alone was the trial
entitled CHARISMA (meaning treatment with Clopidogrel
for patients presenting a High Atherothrombotic Risk
and also Ischemic Stabilization, emphasizing both the
Management, and Avoidance) [31]. A number of 15 603
patients presenting numerous risk factors or a cardio-
vascular disease that is clinically manifested were included
in this study [31-37]. These patients were divided into two
groups: one group that daily received a treatment with
75 mg of clopidogrel and 75 to 162 mg of aspirin and a
group that received placebo plus aspirin. In this trial,
there was no statistically significant difference between the
effectiveness of dual antiplatelet therapy (6%), compared
to the effectiveness (7.3%) of the therapy consisting only
in aspirin (95% CI: 0.83-1.05, RR: 0.93, p=0.22) [31].

A recent study, SPS3 (trial that presents the Secondary
Prevention of the Small Subcortical Strokes), which
included 838 patients who were diagnosed with another

type of stroke (lacunar stroke), while under treatment with
aspirin, studied the effectiveness of adding clopidogrel
to aspirin therapy [38]. The results of the study did not
reveal a significant reduction in stroke recurrence by dual
antiplatelet therapy in these patients [38].

Triple antiplatelet therapy

Regarding triple antiplatelet therapy, most important
are the results of the Triple Antiplatelets for Reducing
Dependency after Ischemic Stroke (TARDIS) trial; the
study presents the triple antiplatelet therapy consisting of
aspirin, clopidogrel, and dipyridamole, compared to the
therapy only with clopidogrel or with both aspirin and
dipyridamole in patients that presented acute cerebral
ischemia (randomized, open-label, phase 3 superiority trial)
[33]. In this trial, 3096 patients were included (1556 of
whom received twice a day triple antiplatelet therapy with
a dose of 75 mg of clopidogrel, a dose of 75 mg of aspirin
and a dose of 200 mg of dipyridamole, and 1540 patients
who were treated with either clopidogrel alone or aspirin
plus dipyridamole) [39]. The results of this study revealed
that for patients who presented a cerebral vascular event,
such as ischemic stroke or transient ischemic attack, triple
antiplatelet therapy is not recommended because it does
not reduce the incidence or severity of stroke recurrence
and they present a very high risk of major bleeding [39].

Ticagrelor

Last but not least, we need to recall here a recent meta-
analysis on the treatment with ticagrelor 90 mg, twice a
day, published in 2018 [40, 41]. In this meta-analysis, 13
randomized clinical trials were identified and analyzed,
with a total of 64 360 patients [40, 41]. Compared to the
control group, ticagrelor was shown to reduce the risk of
ischemic stroke (95% CI: 0.78-0.95, RR: 0.86, p=0.003),
combined risk for hemorrhagic and ischemic strokes (95%
CI: 0.81-1, RR: 0.9, p=0.05), but also primary endpoint
composite (95% CI: 0.84-1.07, RR: 0.95, p=0.03) [34].
It should be noted that this meta-analysis of ticagrelor has
not increased the risk of major bleeding events (95% CI:
0.92-1.5, RR: 1.18, p=0.19) or mortality (95% CI: 0.84—
1.07, RR: 0.95, p=0.4) [41].

= Conclusions

We can say that current recommendations focused
primarily on the therapy with aspirin for the secondary
prevention of stroke in patients that presented a cerebral
vascular event, such as an ischemic stroke of non-
cardioembolic cause or a transient ischemic attack and,
as appropriate, aspirin plus dipyridamol or clopidogrel.
The new therapy with ticagrelor in secondary stroke
prevention seems to be promising, but more randomized
clinical trials are needed to accurately assess the safety
and efficacy of this new platelet antiagregant.
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