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of mortality, morbidity, and disability; it is also associated with high healthcare costs. The incidence of CVD is
predicted to increase in the forthcoming years, and thus it is crucial that physicians are aware of the benefits
and limitations of the available therapies to ensure patients receive optimized treatment. Current clinical practice
guidelines provide recommendations on the use of anticoagulants and antiplatelets for both the prevention and

ii{‘ilzggilam treatment of CVD. Aspirin is the most studied antiplatelet agent in this context. The benefits of aspirin are well
Aspirin documented and supported by data from robust clinical trials for CVD conditions, such as acute coronary
Cardiovascular disease syndrome and stroke prevention in patients with atrial fibrillation. However, the clinical benefits of aspirin are
Orthopaedic less clear for other conditions, namely for primary prevention of venous thromboembolism after major orthopae-
Practice guideline dic surgery, particularly in comparison with newer drugs such as the direct oral anticoagulants. This article
provides an outline of the current guidelines and a critical assessment of the efficacy and safety data supporting
the recommendations for the use of aspirin in the treatment and prevention of venous thromboembolism and

other cardiovascular disorders.
© 2015 Elsevier Ltd. All rights reserved.
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Introduction This review will provide a comprehensive overview of the current

Cardiovascular disease (CVD) comprises a range of disorders affecting
the circulatory system, including hypertension, myocardial infarction
(M), atherosclerosis, coronary heart disease, coagulopathies, stroke, and
venous thromboembolism (VTE) [1-3]. CVD is the principal cause of
death in developed countries [4,5]. It is estimated that by 2020, CVD
will be the leading worldwide cause of mortality and disability [5,6].
CVD is a major healthcare burden that is associated with high levels of
morbidity, mortality, and disability, and high healthcare costs [2,4,7,8].

The impact of CVD has led to the initiation of numerous clinical trials
investigating pharmacological agents, such as antiplatelets and antico-
agulants, for both prevention and treatment. This is reflected in clinical
practice guidelines [9-17]. Among the antiplatelet agents, acetylsalicylic
acid (commonly known as aspirin) has been evaluated extensively for
the prevention and treatment of CVD [6]. Aspirin inhibits platelet cyclo-
oxygenase 1 and the synthesis of prostaglandin G2 and subsequent
transformation into prostaglandin H2, the precursor of thromboxane
A2. The result is an inhibition of thromboxane A2-induced platelet
aggregation and vasoconstriction [6,18].

Evidence gained from the use of aspirin in a wide range of high-risk
patients supports its routine prescription by healthcare providers to
decrease the risk of subsequent occlusive CVD events. In secondary
prevention — among survivors of a MI, occlusive stroke, transient ische-
mic attack, or coronary artery bypass grafting surgery, or those with
stable angina - aspirin significantly reduces the risk of subsequent MI,
stroke, and vascular death [19].

The positive impact of aspirin in primary prevention of CVD is less
clear [20], particularly when the increased risk of gastrointestinal
hemorrhage is taken into consideration [21,22]. In large-scale trials of
primary prevention in men and women without established CVD, and
subsequent meta-analyses, aspirin produced a significant reduction in
the risk of a first M, but not of stroke or cardiovascular death [20].

Although aspirin is recommended by some current guidelines
(Table 1) for VTE prevention, controversy surrounds its effectiveness,
particularly after major orthopaedic surgery [17,23]. For VTE primary
prevention, current guidelines vary in their recommendations regard-
ing aspirin, making it difficult for physicians to make informed
treatment decisions [13-15,17]. For VTE secondary prevention, studies
have consistently shown a relatively weak effect of aspirin in this setting
(Fig. 1) [24,25].

This situation needs to be addressed and the evidence for aspirin re-
evaluated, particularly in light of data from several trials of direct
oral anticoagulants (DOACs), such as rivaroxaban, dabigatran, and
apixaban, which have demonstrated impressive efficacy for these
agents compared with standard of care, with relatively low risks of
bleeding in the context of VTE prevention [33-41].

guidelines and relevant trials in which the efficacy and safety of aspirin
have been assessed, and discuss whether there is a sound basis for its
recommendation for both primary and secondary VTE prevention, as
well as for management of other vascular diseases.

Use of Aspirin for the Prevention of Venous Thromboembolism
Primary Prevention after Orthopaedic Surgery

Guidelines

The 2012 American College of Chest Physicians-(ACCP) guidelines
on VTE prevention in orthopaedic surgery patients (Table 1) provide
recommendations on the use of VTE prophylaxis in patients undergoing
major orthopaedic surgery, including total hip arthroplasty (THA), total
knee arthroplasty (TKA), and hip fracture surgery (HFS) [17]. Aspirin is
one of the therapeutic agents recommended. Of note, the recommenda-
tions for aspirin were based solely on the evidence presented in the Pul-
monary Embolism Prevention (PEP) study [42], the limitations of which
will be discussed in detail later. Furthermore, the quality of the evidence

Table 1
Summary of the ACCP and ESC guidelines for aspirin use in cardiovascular disorders.

Guideline

ACCP

Recommendations for aspirin use

Primary and secondary prevention of cardiovascular disease [12]
Primary prevention of venous thromboembolism (in any ortho
paedic surgery patient) [17]

Primary and secondary prevention of cardiovascular events in
peripheral artery disease [10]

Secondary prevention in coronary artery disease and acute
coronary syndrome [12]

Secondary prevention in cerebrovascular disease (acute ischemic
stroke and transient ischemic attack) [11]

Primary and secondary prevention in non-rheumatic patients
with atrial fibrillation at low risk of stroke [26]

Not recommended for primary and secondary prevention in
non-rheumatic patients with atrial fibrillation at intermediate
and high risk of stroke [26]

Not recommended for primary prevention of venous
thromboembolism in medically ill patients [27]

Not recommended for secondary prevention of venous
thromboembolism [9]

Recommended as part of dual antiplatelet therapy for secondary
prevention in acute coronary syndrome and non-cardioembolic
transient ischemic attack or ischemic stroke [16]

Not recommended for primary prevention of cardiovascular
events [16]

Not recommended for stroke prevention in atrial fibrillation
unless oral anticoagulants are refused or not tolerated [28]

ESC

ACCP, American College of Chest Physicians; ESC, European Society of Cardiology.



A.T. Cohen et al. / Thrombosis Research 135 (2015) 217-225 219

100+
90

801
70+
60+
50
40-
30
20
. L

Warfarin Aspirin? Aspirin® Rivaroxaban Apixaban Dabigatran

Relative risk reduction (%)
o O O O o

o

Fig. 1. Comparison of relative risk reductions of antithrombotic drugs versus placebo for
the extended therapy secondary prevention of venous thromboembolism. Relative risk
reductions were calculated for apixaban (2.5 mg dose) [29], rivaroxaban [30], and
dabigatran [31] using data from phase III clinical trials of these agents and for warfarin
[32] and aspirin * Becattini et al. 2012 [24]; ® Brighton et al. 2012 [25].

was considered only moderate owing to imprecision, and one panel
member objected to the recommended use of aspirin alone [17]. Of con-
cern is that the previous 2008 ACCP guidelines recommended against
the use of aspirin alone for VTE prevention in any orthopaedic group
[43], and no reason or new data were provided to justify such a change.
In addition to aspirin, low molecular weight heparin (LMWH),
fondaparinux, low-dose unfractionated heparin (UFH), and adjusted-
dose vitamin K antagonists (VKAs) are recommended as antithrombotic
prophylaxis for patients undergoing major orthopaedic surgery, and
dabigatran, apixaban, and rivaroxaban are recommended after THA or
TKA. In contrast to the recommendations for aspirin, there are robust
clinical trial data to support the 2012 ACCP recommendations for the
use of DOACs for thromboprophylaxis after THA or TKA [17,33-41,44,
45]. These studies have demonstrated reductions in VTE risk of up to
70% compared with standard of care, without significant increases in
the risk of major bleeding [33-40,45,46]. In comparison, aspirin has
been associated with inferior reductions in VTE risk and an increase in
bleeding risk [23,42].

In the 2011 update of the American Academy of Orthopaedic
Surgeons (AAOS) guidelines, only a broad, moderate-grade recommen-
dation was given for the use of pharmacological agents and/or mechan-
ical compressive devices, without the recommendation of specific
antithrombotic agents to reduce rates of deep vein thrombosis (DVT)
in this setting. Moreover, the authors of the AAOS guidelines consider
current evidence on available prophylactic agents to be insufficient
[14].

National guidelines also contrast with ACCP guidelines regarding
their recommendations for the use of aspirin for VTE prevention in
orthopaedic surgery patients, as demonstrated by the UK National
Institute for Health and Care Excellence (NICE) [15] and the Scottish
Intercollegiate Guidelines Network (SIGN) guidelines [13]. Aspirin use
is not recommended by the NICE guidelines in any orthopaedic surgical
setting. Combined mechanical (preoperative) and pharmacological
prophylaxis with LMWH, dabigatran, rivaroxaban, or fondaparinux is
recommended after elective hip or knee replacement surgery, whereas
UFH is recommended in patients with renal failure; the same therapies
are recommended, with the exception of DOACs, for patients with hip
fracture [15].

The SIGN workgroup assessed several studies of aspirin and consid-
ered the existing data to be insufficient and the effect too weak to sup-
port sole administration of aspirin for VTE prevention in the orthopaedic
setting [13], particularly given the higher efficacy of other antithrom-
botic agents for VTE prevention [17,33-41,44,45,47]. This considers
the VTE and DVT risk reduction of approximately 25% with aspirin ver-
sus placebo reported by the PEP study [42] and the 1994 Antiplatelet
Trialists' (APT) Collaboration systematic review. According to the SIGN
workgroup, the PEP trial confirmed the clinical benefit of aspirin solely

in HFS patients, and indicated that, even for HFS, other alternatives to
aspirin exist that are more effective, such as anticoagulants [13].

Evidence

The APT meta-analysis demonstrated a modest significant reduc-
tion in pulmonary embolism (PE) and DVT frequency with antiplatelet
therapy compared with controls (either placebo or active control) in
patients undergoing orthopaedic surgery [48]. However, several
limitations of this analysis have been identified, including the lack of
homogeneity of the studies with respect to study design (e.g. emergen-
cy trauma patients in the overall elective orthopaedic population [49]),
treatments, and outcomes. Other limitations included comparison of
non-comparable groups by including unevenly randomized as well as
open-label studies that were likely biased in favor of antiplatelet
agents for reductions in the risk of DVT and PE. According to the APT
meta-analysis, antiplatelet therapy reduced the proportional odds of
DVT occurrence in a combined population of patients from 53 trials
by 39%. A significant reduction in the proportional odds of PE occur-
rence was also reported in a combined population from 62 trials
(64%), as well as in orthopaedic traumatic (60%) and elective (51%)
surgical subgroups, and a lower occurrence of PE compared with DVT
[48]. However, percentage odds reductions should not be confused
with relative risk reductions (RRR), which in the particular context of
DVT and PE in elective orthopaedic patients were 30% and 52% relative
to the control group. Moreover, these studies included several anti-
platelet agents besides aspirin, such as ticlopidine and dipyridamole,
making extrapolation of the data to aspirin for VTE prevention in
elective orthopaedic patients inappropriate, particularly when the
occurrence of side-effects, such as bleeding events, was not considered
[48].

The PEP study was designed to clarify whether there was a benefit
for aspirin therapy in DVT and PE prevention in patients undergoing
elective orthopaedic or trauma surgery [42]. However, this trial had
several limitations, including unclear primary endpoints, alteration of
primary endpoint definitions, extrapolation of data, misrepresentation
of bleeding event data, and lack of consideration of other adverse events
[23]. The primary endpoints defined in the PEP protocol comprised all
vascular deaths; major non-fatal vascular events (including PE), MI, or
stroke; and major bleeding complications. However, this definition
was not evident in the published report, and VTE (PE and DVT) is
often misinterpreted as the main primary endpoint [23]. Moreover,
the protocol-defined primary endpoint of major non-fatal vascular
events was later changed to non-fatal vascular events to allow DVT
episodes to be considered. In addition, the primary endpoint of
major bleeding complications was defined in the PEP protocol as includ-
ing postoperative hemorrhages requiring transfusion, hematemesis,
melena, and wound or drainage-site bleeding, but was not actually
defined when the study results were published. This permitted
major bleeding events to be distributed across different bleeding
categories and led to concealment of an aspirin-induced increase in
major postoperative bleeding. Finally, screening for asymptomatic
DVT was not performed and the possible combination of aspirin with
other antithrombotic agents was not considered [23].

The PEP study showed a proportional reduction of 43% in PE and 29%
in DVT events in HFS patients receiving aspirin (46 and 69 cases, respec-
tively; n = 6679) compared with patients receiving placebo (81 and 97
cases, respectively; n = 6677) and reported ‘similar’ reductions in
elective arthroplasty patients [42]; however, reductions in VTE with
aspirin in elective hip or knee replacement surgery patients were not
seen (non-significant 15.6% RRR). Most unusually, these findings were
reported to be similar to those of the HFS group based on extrapolation
of data [23]. The low number of events reported, with eight cases of PE
and 19 cases of DVT described in the placebo control group (n = 2041)
compared with eight PE and 15 DVT cases in the aspirin treatment arm
(n = 2047), does not support the PEP trial authors’ assertion with
regards to the proportional effects of aspirin in elective orthopaedic
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surgery matching those observed in the HFS setting [42,50]. The
effects of aspirin on non-fatal vascular events and deaths in elective
arthroplasty patients in the PEP study are shown in Table 2. A recently
published randomized trial suggested that, for VTE prevention in
patients undergoing THA and initially treated for 10 days with a
LMWH, extended prophylaxis for 28 days with aspirin was as efficacious
and safe as a LMWH for the same period of time. However, several study
limitations such as premature termination of the enrollment phase,
lower adherence in the LMWH group, noticeable imbalance in the risk
factors for thrombosis, bleeding outcome favoring aspirin, and inclusion
of patients receiving extended treatment with aspirin for other condi-
tions may have biased the results reported [51,52].

Primary Prevention of Venous Thromboembolism in Medically Ill Patients

Guidelines

The SIGN guidelines do not recommend the single use of aspirin for
VTE prophylaxis in medical patients [13], and this agent is not recom-
mended at all in this indication by the ACCP or NICE guidelines [15,
27]. For acutely ill hospitalized medical patients at increased risk of
thrombosis who are not currently experiencing bleeding and are not
at high risk of bleeding, the ACCP recommends thromboprophylaxis
with LMWH, low-dose UFH twice or three times daily, or fondaparinux.
Thromboprophylaxis with LMWH or low-dose UFH is also suggested
for critically ill patients in the absence of current or high risk of
bleeding, and is recommended in preference to no prophylaxis for
outpatients with solid tumors and additional VTE risk factors and low
bleeding risk [27]. Both NICE and SIGN guidelines recommend prophy-
laxis with LMWH, UFH, or fondaparinux in medically ill patients [13,
15].

Evidence

There have been no direct comparisons of antiplatelet with anticoag-
ulant therapies for VTE prevention in acutely ill medical patients. The
ACCP commented on the nine clinical trials in the APT study [48], with
a total of 555 patients, which reported data regarding the efficacy of an-
tiplatelet drugs for primary prevention of VTE in hospitalized ‘medical’
patients. In fact, some of these studies were in secondary prevention
after VTE. Furthermore, the ACCP guidelines recognize these trials to
be limited by, among other things, the small numbers of outcome
events, the large range of antiplatelet agents used, unpublished data,
and the absence of data on rates of bleeding. These guidelines rated
this evidence as being of low quality to support the use of aspirin for
VTE prevention in hospitalized medical patients [27].

Table 2
Effects of aspirin on non-fatal vascular events and deaths in elective arthroplasty patients
in the Pulmonary Embolism Prevention study.

Event Aspirin Placebo Hazard ratio
(n=12047) (n=12041) (95%Cl)
Non-fatal vascular events
Deep vein thrombosis 15 19 0.78 (0.40-1.53)
Pulmonary embolism 8 8 1.00 (0.37-2.66)
Venous thromboembolism® 22 26 0.83 (0.47-1.47)
Myocardial infarction 7 4 1.73 (0.51-5.93)
Stroke 3 4 0.75 (0.17-3.30)
Vascular death
Pulmonary embolism 1 2 0.50 (0.04-5.49)
Ischemic heart disease 3 3 0.99 (0.20-4.89)
Stroke 3 1 3.00 (0.31-28.80)
Other (including unknown) 1 5 0.20 (0.02-1.69)
All vascular deaths 8 11 0.72 (0.29-1.79)
Non-vascular death 1 0 -

(I, confidence interval.
2 Composite of deep vein thrombosis and pulmonary embolism.

Secondary Prevention of Venous Thromboembolism

Guidelines

The use of aspirin is not recommended by the ACCP (Table 1) or SIGN
guidelines for the treatment and long-term secondary prevention of
VTE [9,13]. In patients with VTE for whom anticoagulant therapy is indi-
cated for acute treatment, the ACCP guidelines recommend initial par-
enteral anticoagulant therapy, preferably with LMWH or fondaparinux
rather than intravenous or subcutaneous UFH, overlapping with and
followed by a VKA. Single-agent prophylaxis with rivaroxaban is also
recommended [9]. Anticoagulant therapy is recommended for 3 months
for a first proximal provoked DVT or PE, or an unprovoked first proximal
DVT or PE with high risk of bleeding. Extended therapy (after the first 3
months) is recommended for a first proximal DVT or PE that is unpro-
voked and associated with low or moderate risk of bleeding, or that is
associated with active cancer [9]. Rivaroxaban and dabigatran are
suggested as options for extended therapy, even though dabigatran is
not approved in this indication, but the recommendations for VKAs or
LMWH (for patients with cancer) are stronger [9]. The recommenda-
tions in the SIGN guidelines are similar to the ACCP guidelines but do
not include the DOACs [9,13], which were not licensed at the time.
Recent evidence from studies using aspirin for extended prophylaxis
will be reviewed in future guidelines.

Evidence

Aspirin has been examined in the extended secondary prevention of
VTE in two recent studies. The Warfarin and Aspirin (WARFASA) study
was a randomized, double-blind, placebo-controlled study that includ-
ed a total of 402 patients and had a duration of approximately 2 years.
It evaluated aspirin for the prevention of VTE recurrence in patients
withdrawn from oral anticoagulation therapy 6-18 months after their
first episode of idiopathic VTE. Aspirin was shown to reduce the risk of
VTE recurrence (RRR 37%) in patients with unprovoked VTE after
withdrawal of standard oral anticoagulant therapy with warfarin as
compared with placebo, without a clear increase in the principal safety
outcome of major bleeding. Of note, the authors of this paper acknowl-
edged the superiority of the DOACs dabigatran and rivaroxaban for
prolonged VTE treatment in comparison with aspirin. Conversely, the
low cost and well-studied side-effect profile of aspirin were mentioned
as positive factors [24].

The Aspirin to Prevent Recurrent Venous Thromboembolism (AS-
PIRE) study, published shortly after the WARFASA study, showed a
non-significant trend for reduction in VTE recurrence with aspirin com-
pared with placebo in patients experiencing a first unprovoked episode
of VTE. Although a significant reduction in major vascular events and
improved net clinical benefit were seen with aspirin, the ASPIRE study
was underpowered, despite comprising approximately twice the num-
ber of patients as the WARFASA study [25].

The results of the ASPIRE and the WARFASA studies need to be
confirmed by new, larger trials comparing aspirin with DOACs.

The higher efficacy of oral anticoagulants compared with aspirin for
the extended secondary prevention of VTE is clearly seen in Fig. 1, in
terms of the RRR for VTE [24,25,29-32]. In subjects with contraindica-
tions to anticoagulant therapy, the WARFASA and ASPIRE studies
suggest aspirin as a therapeutic option for the prevention of VTE
recurrence.

Use of Aspirin in Other Cardiovascular Diseases

Individual clinical decision-making for aspirin in the primary pre-
vention of CVD is far more complex than for secondary prevention. In
secondary prevention, the evidence from randomized trials demon-
strates significant reductions in MI, stroke, and CVD deaths [19]. These
patients typically have a 10-year risk >20%, so the absolute benefit of
a 20% reduction in subsequent occlusive CVD always exceeds the abso-
lute risk of major extracranial bleeding of about 1-4% (depending on
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age), as well as the very serious, but very rare, risk of hemorrhagic
stroke. In primary prevention, however, there is insufficient evidence
upon which to make general guidelines for aspirin. The US Food and
Drug Administration (FDA) recently stated that any general guidelines
for aspirin in primary prevention are premature. The results of
several ongoing randomized trials of aspirin for primary prevention in
moderate- to high-risk individuals might provide the necessary
evidence to support general guidelines to healthcare providers [53].

The 2012 ACCP guidelines provide a general recommendation for as-
pirin therapy for primary and secondary prevention of CVD (Table 1)
[12]. Given the recognized increase in the risk of major bleeding associ-
ated with aspirin, the European Society of Cardiology (ESC) guidelines
do not recommend the use of aspirin for primary prevention of cardio-
vascular events [16], which is in clear contrast to the 2012 ACCP recom-
mendations [12]. The value of aspirin, however, remains unclear either
because the net benefit for primary prevention is uncertain, as reported
by the 2009 Antithrombotic Trialists’ Collaboration and the Women'’s
Health Study [20,54], or because conclusions have been drawn without
proper discrimination between antiplatelet regimens or by extrapolat-
ing results [19].

Guideline recommendations for specific CVDs are discussed below
in light of the quality of the evidence on which these recommendations
are based.

Secondary Prevention of Cardiovascular Events in Coronary Artery Disease
and Acute Coronary Syndrome

Guidelines

Prolonged low-dose aspirin therapy is recommended by the ACCP
guidelines (Table 1) for secondary prevention of cardiovascular events
in established coronary artery disease (CAD). Aspirin is also recom-
mended as part of dual antiplatelet therapy in preference to single anti-
platelet therapy for patients within the first year after an acute coronary
syndrome (ACS) event [12]. For secondary prevention of cardiovascular
events in ACS patients, dual antiplatelet therapy with a platelet-
activation inhibitor (ticagrelor or prasugrel) combined with aspirin is
recommended by the ESC guidelines (Table 1), unless the risk of bleed-
ing is excessive [16].

Rivaroxaban, in combination with dual antiplatelet therapy, has
been shown to be effective for the secondary prevention of ACS [55]
and has recently gained approval for this indication in Europe.
Rivaroxaban significantly reduced the composite endpoint of death
from cardiovascular causes, MI, or stroke, without increasing the risk
of fatal bleeding compared with placebo [55].

Evidence

The ACCP guideline recommendations (Table 1) for aspirin treat-
ment in patients with established CAD are based on one meta-analysis
of 16 randomized clinical trials [12]. This did not include data on total
mortality or non-fatal major extracranial bleeding events and, therefore,
baseline risk estimates were derived from the aspirin arm in the
Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization,
Management and Avoidance (CHARISMA) study (total mortality) and
Clopidogrel Versus Aspirin in Patients at Risk of Ischaemic Events
(CAPRIE) study (major extracranial bleeding events). The number of
vascular events and total deaths prevented by aspirin use was consid-
ered to exceed the number of bleeding events that resulted, even
though the quality of the evidence was considered only moderate for
total mortality and major extracranial bleeding as a result of imprecision
and indirectness respectively [12]. The same meta-analysis was consid-
ered to be directly applicable to patients with a recent ACS event regard-
ing recommendations for aspirin use. The recommendation for dual
aspirin/clopidogrel therapy over aspirin alone after an ACS event was
based solely on moderate-quality evidence demonstrating a reduction
in MI, despite an increase in major bleeding events and no effect on
vascular mortality or non-fatal stroke [12].

Treatment and Secondary Prevention of Ischemic Stroke

Guidelines

With regards to secondary prevention in cerebrovascular disease, the
ACCP guidelines (Table 1) for antithrombotic and thrombolytic therapy
for ischemic stroke recommend early aspirin administration as one of
the therapeutic options for patients with acute ischemic stroke or tran-
sient ischemic attack (TIA) in preference to no aspirin or parenteral an-
ticoagulants [11]. This recommendation is based on what is considered
to be high-quality evidence mostly provided by the International Stroke
Trial (IST) [56] and the Chinese Acute Stroke Trial (CAST) [57], and the
lack of evidence of the benefits of parenteral anticoagulation over aspirin
therapy [11,58]. Prolonged aspirin therapy for non-cardioembolic ische-
mic stroke or TIA is recommended. In the latter case, clopidogrel or
aspirin/extended-release dipyridamole is suggested in preference to as-
pirin alone based on moderate evidence. Aspirin/clopidogrel combined
therapy is recommended in preference to aspirin alone (moderate evi-
dence) for patients with a history of stroke or TIA and atrial fibrillation
(AF) if oral anticoagulation therapy is refused or inappropriate [11]. In
patients with non-cardioembolic TIA or ischemic stroke, the ESC guide-
lines (Table 1) recommend combined therapy of dipyridamole with
aspirin or clopidogrel alone over aspirin for secondary prevention [16].

Evidence

The IST was a randomized, open-label trial that compared the effica-
cy and safety of either aspirin or subcutaneous heparin with no treat-
ment started within 48 hours of an acute ischemic stroke [56]. Heparin
treatment presented no benefits, whereas a non-significant trend was
observed for aspirin compared with the control group at 6 months
with regards to decrease in mortality and dependency, which became
significant after adjustment for baseline prognosis. Fewer non-fatal
recurrent strokes occurred with aspirin and there was no significant
increase in bleeding events [56]. These data were in agreement with
the CAST study, which showed a significant 14% proportional reduction
in mortality as well as a significant reduction in ischemic stroke recur-
rence [57]. Therefore, these trials support a minor but reliable net bene-
fit when aspirin therapy is initiated early, with a significant reduction in
occurrence of mortality and non-fatal stroke, both in the first weeks and
following months in acute ischemic stroke treatment [56,57].

Primary and Secondary Prevention of Embolic Stroke in Atrial Fibrillation

Guidelines

Aspirin is recommended by the ACCP for patients with non-
rheumatic AF with a low risk of stroke who choose to have antithrom-
botic therapy, whereas for intermediate- and high-risk patients the
recommendation is for oral anticoagulation therapy (dabigatran in
preference to VKAs) rather than single or combined aspirin therapy [26].

The ESC guidelines (Table 1) recommend anticoagulant therapy for
all patients with AF unless contraindications exist or the patients are
considered as being at low risk and present no risk factors. The oral
anticoagulants recommended are VKAs, dabigatran, rivaroxaban, and
apixaban for patients with a CHA,;DS,-VASc score > 1. Antiplatelet
therapy with aspirin plus clopidogrel or aspirin alone (considered less
effective) is only to be considered when patients either refuse or
cannot tolerate any of the suggested oral anticoagulants for reasons
unrelated to bleeding [28].

The American Heart Association/American Stroke Association guide-
lines recommend prolonged anticoagulation therapy in preference to
antiplatelet therapy for stroke prevention in patients with AF. The use
of aspirin is only considered when oral anticoagulation with a VKA is
not feasible.

Evidence
The ACCP analysis compared antiplatelet treatment with no
treatment: this provided evidence of moderate quality, due to
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imprecision, regarding the ability of aspirin to reduce the risk of non-
fatal stroke [26]. However, the guidelines recommend aspirin despite
antiplatelet therapy having achieved no more than a modest RRR of
21% in non-fatal stroke, and accompanied by an increase in risk of
major extracranial hemorrhage [26]. In contrast, the ESC guidelines
consider that the existing evidence does not support a beneficial role
for the use of aspirin in reducing mortality in patients with AF, because
data in favor of aspirin-associated stroke prevention in this clinical set-
ting are weak and counteracted by the increase in risk of bleeding [28].
Additionally, dabigatran, rivaroxaban, and apixaban have been shown
to be at least as effective as warfarin for reductions in stroke and
systemic embolism and had the benefit of reduced risk of intracranial
hemorrhage in patients with AF [59-61]. In the AVERROES trial, 5599
AF patients, at increased risk of stroke and unsuitable for VKA therapy,
were randomly assigned to receive apixaban or aspirin. The occurrence
of stroke or systemic embolism was significantly lower with apixaban
than with aspirin (RRR 55%). Apixaban also showed better tolerability
than aspirin and a similar risk of major bleeding [62]. The American
Heart Association/American Stroke Association guidelines recommen-
dation of prolonged anticoagulation therapy instead of antiplatelet
therapy for stroke prevention in patients with AF was based on evi-
dence from the European Atrial Fibrillation Trial (EAFT) of the higher
efficacy of anticoagulants compared with aspirin [63].

Primary and Secondary Prevention in Peripheral Arterial Disease

Guidelines

The ACCP guidelines (Table 1) recommend aspirin for primary
prevention of cardiovascular events in patients with peripheral arterial
disease (PAD) based on moderate-quality evidence [10]. Most patients
with clinically symptomatic vascular disease are candidates for primary
prevention of cardiovascular events with aspirin. To confirm the diagno-
sis in these PAD patients, the ACCP guidelines suggest using the
Framingham risk score and to consider undertaking ankle-brachial
index screening. Long-term aspirin is also recommended by these
guidelines for secondary prevention of cardiovascular events in the con-
text of PAD, justified by evidence of moderate (for total mortality and
major extracranial bleeding) or high quality (non-fatal MI and non-
fatal stroke) [10].

Evidence

The benefits of aspirin for primary prevention of cardiovascular
event rates in patients with asymptomatic PAD are not well established,
with recommendations sometimes based only on moderate-quality ev-
idence or extrapolated from the evidence for aspirin therapy for primary
prevention of CAD [10,12]. A meta-analysis of prospective, randomized
trials tried to clarify the potential of aspirin for secondary prevention of
cardiovascular events in patients with PAD [64]. Treatment with aspirin
with or without dipyridamole resulted in a statistically non-significant
decrease in the primary endpoint of cardiovascular events (non-fatal
MI, non-fatal stroke, and cardiovascular death) and a significant reduc-
tion in non-fatal stroke in patients with PAD [64]. The non-significant
decrease in the primary endpoint was justified by the limited statistical
power and the need for further trials was asserted [64]. The combina-
tion of a VKA and aspirin showed no benefit in preventing major cardio-
vascular events, including death, compared with aspirin alone in three
randomized controlled trials [65-67]. However, the incidence of major
bleeding was significantly higher with VKA/aspirin than with aspirin
[65,66].

Risks and Benefits of Aspirin Therapy

Results of the Women'’s Health Study showed that low-dose aspirin
was associated with an increase in the numbers of patients experiencing
bleeding events and ulcers [68]. Upper gastrointestinal complications,
defined as bleeding or perforation, are often considered a risk of aspirin

therapy [22]. The risk of gastrointestinal bleeding increases with in-
creasing doses of aspirin, is frequently ulcer related, and is caused by
an aspirin-induced reduction of prostaglandin production (prostaglan-
dins have protective and healing effects in the gastrointestinal tract)
[69]. However, an informed decision about prescribing aspirin must be
based on an individual and accurate benefit-risk assessment in a partic-
ular therapeutic context, as exemplified in the meta-analysis performed
by Derry and Loke [21]. A significant increase in gastrointestinal hemor-
rhage rates was observed with aspirin use in this meta-analysis of 24
randomized controlled trials involving approximately 66 000 individ-
uals treated with long-term aspirin therapy [20]. The authors also
discussed the need to weigh the risks of gastrointestinal bleeding care-
fully versus the cardiovascular benefits when considering long-term as-
pirin therapy. For instance, aspirin prescribed for secondary prevention
of stroke may prevent at least two recurrent strokes at the cost of one
gastrointestinal bleeding event, and thus have a clinical benefit. In the
setting of primary prevention of MI, although aspirin could cause two
or three gastrointestinal hemorrhages for each MI prevented, aspirin
therapy could still be considered valuable because gastrointestinal hem-
orrhage is associated with an estimated lower rate of death compared
with MI [20]. Of note, primary prevention with aspirin, as compared
with placebo, reduced the risk of the combined endpoint of non-fatal
MI, non-fatal stroke, PE, major venous thrombosis, or death from cardio-
vascular causes in a double-blind study in patients with polycythemia
vera, whereas the incidence of major bleeding episodes was not signif-
icantly increased in the aspirin group [70].

The Antithrombotic Trialists' Collaboration (ATTC) 2009 meta-
analysis on primary prevention showed that aspirin increased major
gastrointestinal and extracranial bleeding events (0.10% vs 0.07% per
year; P < 0.0001). These absolute risks are similar to those in patients
receiving aspirin for secondary prevention, for whom the absolute
benefits of the drug are many.

The clinical benefit of aspirin can be improved by employing
gastroprotective strategies. For example, the use of proton-pump inhib-
itors given concomitantly from the beginning of therapy with low-dose
aspirin for secondary prevention of cardiovascular or cerebrovascular
events was shown to reduce the risk of upper gastrointestinal bleeding
by approximately 50% [71]. Aspirin formulations with enteric coatings
have also been developed with the purpose of preventing the release
of the active agent in the stomach, allowing its absorption only in the
intestine. This strategy has shown a trend for reduced gastroduodenal
injury compared with a low-to-high dosing range of uncoated aspirin
[72-75], without impairing the antithrombotic effects of aspirin
(75-300 mg low-dose aspirin for cardiovascular prophylaxis) [76].
The use of such strategies has the potential to make aspirin an effective
and low-cost agent for cardiovascular prophylaxis available to patients.
This is of particular relevance in countries with low and medium in-
come, where the incidence and prevalence of CVD have been increasing
[77].

The favorable benefit-risk profile of aspirin in patients with a first
aspirin prescription for secondary cardiovascular prevention was
supported by data from The Health Improvement Network UK primary
care database, showing that discontinuing aspirin therapy resulted in
eight additional cardiovascular events but a reduction of only 0.4
upper gastrointestinal bleeding events compared with those who con-
tinued aspirin treatment [20,78]. This means that 12,786 coronary and
7672 cerebrovascular events could be prevented each year at the cost
of 1023 extra upper gastrointestinal bleeding events in patients
>50 years old; this has the potential to save £100 million per year for
the UK healthcare system [20,78].

A potential reason for aspirin inefficacy is aspirin resistance, i.e. the
inability of aspirin to reduce the production of thromboxane A2 and
thereby platelet activation and aggregation. Possible causes of aspirin
resistance include poor compliance, drug interaction, inadequate
aspirin dose, increased turnover of platelets, genetic polymorphisms of
cyclooxygenase 1, and upregulation of non-platelet pathways of
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thromboxane production [79]. Although the clinical relevance of aspirin
resistance is unclear, and data are inconsistent [80,81], it seems that
patients who are resistant to aspirin are at a greater risk of clinically
important cardiovascular morbidity in the long term compared with
patients who are sensitive to aspirin [82].

There is a correlation between the daily intake of aspirin and cancer
prevention [83]. Reduction in the long-term risk of cancer-related
mortality associated with aspirin intake has been described [83].
Aspirin taken for several years at doses of at least 75 mg daily reduced
long-term incidence and mortality due to colorectal cancer. In four
trials of aspirin versus control (mean duration of scheduled treatment
6.0 years), 391 (2.8%) of 14,033 patients developed colorectal cancer
during a median follow-up of 18.3 years. Allocation to aspirin reduced
the 20-year risk of colon cancer (incidence hazard ratio 0.76, CI
0.60-0.96, P = 0.02; mortality hazard ratio 0.65, CI 0.48-0.88, P =
0.005). The benefit increased with scheduled duration of treatment,
such that allocation to aspirin for 5 years or longer reduced the risk of
proximal colon cancer by about 70% (0.35, 0.20-0.63; 0.24, 0.11-0.52;
both P <0.0001) [84].

The analysis of 51 randomized controlled trials of daily aspirin ver-
sus no aspirin in the prevention of vascular outcomes has established
a significant correlation between the extended use of daily aspirin and
a short-term reduction in cancer incidence and associated mortality
[83]. Furthermore, low-dose, enteric-coated aspirin tablets reduced
colorectal tumor recurrence in a non-smoking Asian population [85].

An increased risk of major bleeding or intracerebral hemorrhage
with aspirin treatment has also been reported in some studies [86,87],
whereas others have seen no or smaller increases [88]. For example,
a systematic meta-analysis showed that although low-dose aspirin
(75-325 mg per day) increases the relative risk of any major bleeding,
major gastrointestinal bleeding, and intracranial bleeding by 1.7-2.1
fold compared with placebo and with significant relative risks; the
absolute increases were small [89]. Furthermore, no increase in bleed-
ing was noticed when comparing a dose range of 75-162.5 mg with
>162.5-325 mg of aspirin [89]. Therefore, physicians must properly
assess the clinical situation and any risk factors for bleeding when
balancing the advantages and disadvantages of aspirin treatment.

Conclusions

The purpose of guidelines is to provide recommendations based on
robust scientific data that will aid physicians in making informed treat-
ment decisions. However, guidelines vary in their recommendations
with regards to aspirin therapy in the case of primary and secondary
VTE prophylaxis. In primary prevention, any decision to prescribe aspi-
rin should be an individual clinical judgment that weighs the absolute
benefit against the absolute risk of major bleeding. The current review
of the evidence for aspirin use in CVD indicates that aspirin still has a
key role in the management of some manifestations of CVD, including
secondary prevention of CAD and ACS, secondary prevention of non-
cardioembolic stroke or TIA, primary prevention of stroke in AF patients
with low thrombotic risk (a variable recommendation), and primary
and secondary prevention of PAD. However, the major advantages of-
fered by the DOACs, for example, in terms of efficacy and tolerability
in the prevention of stroke and systemic embolism in patients with
AF, should be taken into consideration.

For primary VTE prophylaxis in orthopaedic surgery patients,
recommendations for aspirin are based on data from studies with
methodological limitations. The ultimate purpose of guidelines is,
thus, undermined, and the confusion for physicians is compounded by
differences in interpretation of evidence across guidelines, resulting in
different recommendations.

The low cost of aspirin and familiarity with the drug should not be
enough to prevent patients from receiving the best care available for
the management of CVD.
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