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Abstract: The antithrombotic action of aspirin has long been recognized. Aspirin inhibits
platelet function through irreversible inhibition of cyclooxygenase (COX) activity. Until recently,
aspirin has been mainly used for primary and secondary prevention of arterial antithrombotic
events. The aim of this study was to review the literature with regard to the various mechanisms
of'the newly discovered effects of aspirin in the prevention of the initiation and development of
venous thrombosis. For this purpose, we used relevant data from the latest numerous scientific
studies, including review articles, original research articles, double-blinded randomized con-
trolled trials, a prospective combined analysis, a meta-analysis of randomized trials, evidence-
based clinical practice guidelines, and multicenter studies. Aspirin is used in the prevention of
venous thromboembolism (VTE), especially the prevention of recurrent VTE in patients with
unprovoked VTE who were treated with vitamin K antagonists (VKAs) or with non-vitamin
K antagonist oral anticoagulants (NOACs). Numerous studies have shown that aspirin reduces
the rate of recurrent VTE in patients, following cessation of VKAs or NOACs. Furthermore,
low doses of aspirin are suitable for long-term therapy in patients recovering from orthopedic
or other surgeries. Aspirin is indicated for the primary and secondary prevention as well as the
treatment of cardiovascular diseases, including acute coronary syndrome, myocardial infarction,
peripheral artery disease, acute ischemic stroke, and transient ischemic attack (especially in
atrial fibrillation or mechanical heart valves). Aspirin can prevent or treat recurrent unprovoked
VTEs as well as VTEs occurring after various surgeries or in patients with malignant disease.
Recent trials have suggested that the long-term use of low-dose aspirin is effective not only in
the prevention and treatment of arterial thrombosis but also in the prevention and treatment of
VTE. Compared with VKAs and NOAC:s, aspirin has a reduced risk of bleeding.
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Introduction

The incidence of venous thromboembolism (VTE) is common, affecting approximately
one person per 1,000 in the general population.! Additionally, VTE is estimated to
be the third most common cardiovascular disease after coronary heart disease and
stroke,? and VTE is often fatal. The prevention and treatment of VTE pose a major
medical challenge. Antithrombotic substances have decreased the rates of venous and
arterial thrombotic phenomena as well as their consequences.’* Examples of these
substances include inhibitors of platelet aggregation and anticoagulant drugs. Orally
active anticoagulants include vitamin K antagonists (VKAs) and non-vitamin K oral
anticoagulants (NOACs)> ! that do not oppose vitamin K. Parenteral anticoagulants
include unfractionated heparin and low-molecular-weight heparins (LMWHs),!!!2

submit your manuscript
Dove

http:

Therapeutics and Clinical Risk Management 2015:1 1 1449-1456 1449
© 2015 Mekaj et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/TCRM.S92222
mailto:agon.mekaj@uni-pr.edu

Mekaj et al

Dove

which directly or indirectly exert their anticoagulant effects
through one mechanism. Acetylsalicylic acid (aspirin) is an
antiaggregant and anticoagulant via a number of mecha-
nisms." The aim of this paper is to summarize new insights
into the mechanisms of action of aspirin in the prevention
of arterial and venous thrombosis. Arterial thrombosis can
manifest as a heart attack or a stroke. Venous thrombosis
can complicate orthopedic surgery or the course of malig-
nant disease. In this manuscript, the role of aspirin in the
prevention and treatment of primary and secondary VTE
is reviewed.

Aspirin

Aspirin was discovered by Felix Hoffmann, a chemist in
the pharmaceutical laboratory of the German manufacturer
(Friedrich Bayer & Co., Elberfeld, Germany). Hoffmann
prepared the first pure sample of acetylsalicylic acid in
August 1897, and it was marketed and registered under the
trademark name aspirin in 1899.'* After oral administration,
aspirin is rapidly absorbed from the stomach and upper
small intestine, and the oral bioavailability of regular aspi-
rin tablets is 40%—-50% over a wide range of doses. The
peak plasma level occurs 30—40 minutes after ingestion
of ordinary aspirin tablets and 3—4 hours after ingestion of
enteric-coated tablets. The inhibition of platelet function is
dependent on the form of aspirin.'>!® Aspirin is widely used
for the treatment of fever, migraines, and other conditions,
including pain associated with inoperable cancer, rheuma-
toid arthritis, rheumatic fever, and acute tonsillitis."”

Clinical indications of aspirin

Currently, the clinical indications for the use of aspirin are
as follows: primary prevention of cardiovascular events;
prevention and treatment of primary and secondary stroke, as
well as atrial fibrillation (AF) (to prevent stroke); treatment
of acute ischemic stroke/transient ischemic attack (TIA); and
prevention of secondary stroke/TIA.'® However, according
to Sato et al, a low dose of aspirin (150-200 mg per day)
is not effective or safe in the prevention of ischemic stroke
with AF." Other indications for the use of aspirin include
acute coronary syndrome, peripheral artery disease, ante-
rior myocardial infarction (MI) with left ventricular (LV)
thrombus, anterior MI with high risk of LV thrombus, and
mechanical heart valve.'® Aspirin is increasingly being
applied to the prevention and treatment of thromboembolic
phenomena, such as primary and secondary venous throm-
bosis, especially after major orthopedic surgery and other
operations.?

Contraindications of aspirin

The contraindications of aspirin are classified as absolute
or relative. The absolute contraindications include active
peptic ulcer, aspirin allergy, aspirin intolerance, hereditary
bleeding disorders, thrombocytopenia, history of recent
gastrointestinal bleeding, recent history of intracranial
bleeding, renal impairment, and severe liver disease. The
relative contraindications of aspirin include age younger than
21 years (increased risk of Reye syndrome), concurrent use
of anticoagulation therapy, concurrent use of nonsteroidal
anti-inflammatory drugs, and poorly controlled hypertension
(risk of intracranial bleeding).?!

Mechanisms of action of aspirin
Acetylsalicylic acid acts as an acetylating agent. Thus, aspirin
irreversibly inactivates cyclooxygenase (COX)-1 and sup-
presses the generation of prostaglandin H, (a precursor of
thromboxane A)). Aspirin achieves this effect through its
acetyl group, which becomes covalently attached to Ser529 of
the active site of the COX-1 enzyme.?> Aspirin interacts with
the amino acid Argl20 and consequently blocks the access
of arachidonic acid to the hydrophobic channel to Tyr385
at the catalytic site. Thus, aspirin inhibits the generation of
prostaglandin H,."> According to Undas et al, the antithrom-
botic effects of aspirin also involve the acetylation of other
proteins of blood coagulation, including fibrinogen. There-
fore, aspirin promotes fibrinolysis.!* Although aspirin can
inhibit COX-2 by acetylating Ser516, this reaction is approxi-
mately 170-fold slower than the reaction with COX-1."
Lei et al reported the reaction with COX-2 to be ten to
100 times slower than the reaction with COX-1.2* Aspirin
produces an irreversible defect in thromboxane synthesis for
the lifetime of affected platelets (8—10 days).>* The effect of
aspirin on platelets is primarily related to downregulation
of dense granule release. Alpha granule secretion is not
impeded by COX-1 blockade in platelets that are stimulated
by adenosine diphosphate (ADP) or thrombin.?* Only 10% of
the platelet pool is replenished daily. Therefore, administra-
tion of aspirin in low doses can fully inhibit COX-1 (causing
long lasting deffect), on repeat daily dosing, despite the fact
that the half-life of aspirin is 15 to 20 minutes due to rapid
presystemic hydrolysis that is catalyzed by esterase.!>2¢
Recent studies have explained the role and mechanisms of
action of aspirin in the prevention of VTE. Aspirin-mediated
prevention involves the inhibition of platelets. The binding
of platelets and recruitment of neutrophils to the vascular
endothelium is an early step in the development of deep
vein thrombosis.?”’” Because the recruitment and rolling of
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Figure | Mechanisms of antithrombotic effects of aspirin.

TXA, (inhibition of platelet aggregation)

Aspirin ¢ Induces suppression of platelet activation
¢ Inhibits neutrophil recruitment on vascular
endothelium via inhibition of P-selectin
¢ Inhibits the platelet release reaction
¢ Inhibits TF synthesis in human monocytes
o Reduces thrombin generation via inhibition the activity of
the TF - FVlla complex by TFPI (tissue factor pathway inhibitor)

plasma clot permeability due to
of thicker fibrin fibers and larger

network pores
¢ Inhibits the activation of FXIII

fibrin clot density

» Acetylates fibrinogen/fibrin and enhances
fibrinolysis
o Alters fibrin clot structure

Abbreviations: PG sz prostaglandin H;; TXAZ. thromboxane Az; COX-1, cyclooxygenase-1; TF, tissue factor; TFPI, tissue factor pathway inhibitor.

leukocytes, as well as their initial attachment to vascular
endothelium, is dependent on a glycoprotein called P-selectin,
the inhibition of P-selectin is associated with a reduced
weight of mice subjected to thrombus induced by ligation of
the inferior vena cava.?® Additionally, platelet inactivation by
aspirin results in the inhibition of the release of the following
platelet-associated substances into the venous circulation:
platelet factors V and XIII, fibrinogen, platelet factors 3 and
4, thrombospondin, von Willebrand factor (vWF), calcium
ions, serotonin, and other substances that favor the develop-
ment of venous thrombosis. Enzymatic complexes (especially
prothrombinase complex) form on the surfaces of activated
platelets, and a large number of receptors are available for
these complexes.!* Aspirin also prevents thrombin forma-
tion that is catalyzed by the calcium ion-dependent complex
of tissue factor (TF) and activated factor VII (FVIla). The
inhibition of this complex by aspirin promotes the inhibition
of factors IX and X. The formation of the prothrombinase
complex and thrombin is subsequently inhibited.?” Thrombin
is the serine protease that converts fibrinogen to fibrin, which
polymerizes to form a thrombus. The inhibition of thrombin
production by aspirin can be explained by two additional
mechanisms, as follows: increased secretion of TF pathway
inhibitor (TFPI) as well as the acetylation of prothrombin

and several membrane components.’® Some authors have
proposed that aspirin impacts the quality of fibrin within the
thrombus. Properties of fibrin are dependent on the structural
characteristics at the molecular level and at the level of
individual fibers. The properties also depend on the arrange-
ments of the three-dimensional networks.?! Acetylation of
fibrinogen is an important mechanism of action of aspirin.
Acetylation increases the porosity of the fibrin network and
therefore increases the rate of fibrinolysis.*? The antithrom-
botic effect of high doses of aspirin potentially stems from
reduced synthesis of coagulation factors in the liver, and
this mechanism resembles those of VKAs. Furthermore, a
reduction in thrombin levels reduces FXIII activation.****The
overall mechanisms of aspirin in the prevention and treatment
of arterial and VTE are presented in Figure 1.

The role of aspirin in the prevention

of arterial thromboembolic events

Until recently, aspirin has been considered to be a drug that
prevents arterial thrombosis through COX-1 inhibition.*
One study has confirmed that aspirin therapy is suitable
for the secondary prevention of cardiovascular events,*
but few clinical trials studying the efficacy of aspirin in the
primary prevention of those events have been conducted.
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However, current guidelines define a role for aspirin in the
primary prevention of cardiovascular events.’” The earliest
events in thrombus formation are platelet adhesion followed
by aggregation, platelet activation, and granule release.
Except for platelet adhesion, all of these platelet functions are
inhibited by aspirin. Thus, the drug reduces the risks of arte-
rial thrombotic events.*® In a large number of atherosclerotic
diseases (such as coronary, cerebrovascular, and peripheral
arterial disease), aspirin and other antiplatelet drugs are the
mainstays of treatment.** According to six primary preven-
tion trials performed by the Antithrombotic Trialists’ (ATT)
Collaboration, administration of aspirin leads to a 12% reduc-
tion in serious vascular events.*

Aspirin reduces nonfatal MIs by 20% but does not
decrease ischemic strokes.* In 16 secondary prevention
trials, the same authors reported that aspirin therapy pro-
duces absolute reductions in vascular events, strokes, and
coronary events, with percentages of 6.7% vs 8.2% per year
(P<<0.0001), 2.08% vs 2.54% per year (P=0.002), and 4.3%
vs 5.3% per year (P<<0.0001), respectively.® In their meta-
analysis of nine trials involving 102,621 patients (52,145 in
the aspirin group and 50,476 in the placebo/control group),
Berger et al found that aspirin is associated with a reduction
in major cardiovascular events with a risk ratio of 0.90 (95%
confidence interval [CI]: 0.85-0.96, P<<0.001). However,
these authors did not observe significant reductions of MI,
stroke, ischemic stroke, or all-cause mortality.*! Despite
significant primary reductions in the rates of nonfatal MI
(odds ratio [OR] 0.80; 95% CI: 0.67-0.96), Seshasai et al
found that aspirin prophylaxis does not reduce either cardio-
vascular death or cancer mortality in patients without prior
cardiovascular disease.*

In general, aspirin should be administered once daily.
The daily doses are based on international guidelines that
depend on various clinical indications. According to the
American College of Chest Physicians (ACCP), doses of
aspirin in the range of 50-160 mg have value in the preven-
tion and treatment of almost all cardiovascular diseases.
In cases of mechanical heart valves, the recommended
daily doses are 50-100 mg.* For the primary prevention
of cardiovascular events, anterior MI with LV thrombus,
high risk of LV thrombus, acute coronary syndrome, and
secondary stroke/TIA prevention, aspirin should be admin-
istered at daily doses of 75-100 mg.* Higher doses of
aspirin (75-325 mg) are needed to prevent stroke in AF and
in peripheral artery disease.”“¢ For the treatment of acute
ischemic stroke/TIA, aspirin should be started at a daily dose
of 160-325 mg within 48 hours.*’

The role of aspirin in the
prevention and treatment of venous

thromboembolism

Aspirin was initially appreciated in the prevention of arterial
thrombosis. In 1977, aspirin (600 mg twice daily) was shown
to reduce the risk of venous thrombosis in patients recover-
ing from hip arthroplasty.*® Anderson et al examined the
hip and knee registry for the period of 1996-2001, and they
found that 4%-7% of patients received aspirin exclusively
for thromboprophylaxis following primary total hip replace-
ment, or total knee arthroplasty.*” Hovens et al summarized
the evidence for the efficacy of aspirin in the prevention and
treatment of VTE, and they concluded that further studies
should examine the value of aspirin after a first unprovoked
VTE.*® Two randomized controlled trials (the Warfarin and
Aspirin [WARFASA] and the Aspirin to Prevent Recurrent
Venous Thromboembolism [ASPIRE]) demonstrated that
aspirin is suitable for long-term application to reduce the
risk of recurrent VTE. The WARFASA trial is a multicenter,
randomized, double-blinded study that included 403 patients
previously treated with VKAs. Recurrent VTE occurred in
28 of the 205 patients treated with aspirin and in 43 of the
197 patients in the placebo group (2 weeks after withdrawal
of VKAs), with percentages of 6.6% vs 11.2% per year,
respectively (hazard ratio [HR] 0.58; 95% CI: 0.36-0.93,
P=0.02).5" In the ASPIRE trial, 822 patients were treated
with aspirin or placebo. As was the case in the WARFASA
study, patients in the ASPIRE trial were previously treated
with anticoagulants for 1.5-24 months due to spontaneous
VTE or pulmonary embolism. The rate of recurrent VTE in
patients treated with aspirin was 4.8% per year, and a rate of
6.5% per year occurred in the placebo group (HR 0.47; 95%
CI: 0.52-1.05). No significant difference in VTE incidence
was noted between the aspirin and placebo groups (P=0.09).%
Culi¢*3 and Paraskevas* expressed concerns with regard
to the impacts of sex and statins on the outcomes of the
ASPIRE and WARFASA trials. The concerns are based on
sex differences in platelet sensitivity to low doses of aspirin.>
Statins also influence the effect of aspirin on VTE.* Simes
et al reported that men have an increased risk of recurrent
VTE compared with women. The risk also increases with
advancing age.’” In the INSPIRE analysis, the same authors
estimated the effect of aspirin treatment on VTE before and
after adjustment of the baseline characteristics of the patients
with similar HRs of 0.68 (95% CI: 0.51-0.90, P=0.008) and
0.65 (95% CI: 0.49-0.86, P=0.003), respectively. These
authors also analyzed the efficacy of aspirin in reducing
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Table | Recent studies on prevention of recurrent unprovoked VTE by aspirin

Study Type of trial Participants of the study and  Prior anticoagulant VTE events
their number treatment
WARFASA®>® Double-blinded Patients with previous At least 6 to 12 months  VTE
randomized unprovoked VTE Aspirin group =28
controlled trial Aspirin group =205 Placebo group =43
Placebo group =197 (HR 0.58, 95% ClI: 0.36-0.93, P=0.02)
ASPIRE®? Double-blinded Patients with previous At least 1.5 to 24 VTE
randomized unprovoked VTE months Aspirin group =28
controlled trial Aspirin group =41 | Placebo group =43
Placebo group =411 (HR 0.47, 95% Cl: 0.52—1.05, P=0.09)
INSPIRE®® A prospective Patients with previous Patients were followed ~ VTE

combined analysis
of the WARFASA
and ASPIRE trials

EINSTEIN CHOICE®®
(Design of the
EINSTEIN CHOICE
study)

Double-blinded
randomized
controlled trial

unprovoked VTE 1,225
randomized

Aspirin group =616
Placebo group =609

Patients with previous
unprovoked VTE 2,850 patients
Rivaroxaban group (10 mg) =950
Rivaroxaban group (20 mg) =950
Aspirin group (100 mg) =950

up for at least 2 years
in the WARFAGSA trial
and up to 4 years in
ASPIRE

At least 6 to 12 months

Aspirin group =81

Placebo group =112

BABC (HR 0.68, 95% Cl: 0.51-0.90,
P=0.008)

AABC (HR 0.65, 95% Cl: 0.49-0.86,
P=0.003)

This trial will be the first study to
compare the benefit-to-risk profile
of two doses (10 and 20 mg) of an
anticoagulant with that of aspirin for
extended VTE treatment

Abbreviations: AABC, after adjustment of baseline characteristics; BABC, before adjustment of baseline characteristics; Cl, confidence interval; HR, hazard ratio; VTE,

venous thromboembolism.

the rate of recurrent DVT without symptomatic pulmonary
embolism, and they found that aspirin decreases the rate of
recurrent DVT by 34% without significantly increasing the
risk of bleeding.’” Sobieraj et al performed a meta-analysis
of ten trials (n=11,079), and they found that various novel
oral anticoagulants (NOACS) (apixaban at doses of 2.5
and 5 mg as well as dabigatran and rivaroxaban) as well as
idraparinux and VKAs each significantly reduced the risk of
VTE recurrence with respect to placebo. All of the mentioned
drugs, with the exception of idraparinux, more effectively
prevented VTE than aspirin. However, the risk of bleeding
was reduced in patients treated with aspirin.>® In a study on
the extended (28-day regimen) use of aspirin prophylaxis
to combat VTE after total hip arthroplasty, Anderson et al
found that after administration of dalteparin prophylaxis
for 10 days, aspirin treatment was not inferior (P<<0.001)
or superior (P=0.22) to continued dalteparin treatment for
preventing VTE.** According to Prandoni et al, low doses of
aspirin offer a safe and cost-effective option for the long-term
prevention of recurrent events in patients with unprovoked
VTE, especially in patients without symptomatic atheroscle-
rotic lesions.®® Low-dose aspirin reduces the rates of recurrent
VTE, but aspirin has not been previously compared with other
anticoagulants. In the EINSTEIN CHOICE study, Weitz
et al will compare rivaroxaban (10 and 20 mg) with aspirin
(100 mg daily) for the prevention of symptomatic recurrent

VTE. The study will include 2,850 patients from 230 sites
of 32 countries over a 27-month period. According to the
EINSTEIN CHOICE Investigators, the trial will provide new
insights into the optimal strategies for the extended treatment
of VTE.®' For the prevention of VTE and recurrent VTE
as well as for prophylaxis against venous thromboembolic
events after orthopedic surgery (long-term or extended VTE
prophylaxis [VTEP]), aspirin is typically administered at
the low, once-daily dose of 100 mg.’*2 The recent studies
on prevention of recurrent unprovoked VTE by aspirin are
presented in Table 1.

The role of aspirin in the prevention
of venous thromboembolism in

orthopedic surgery

VTE is an important and common complication after major
orthopedic surgery. Bozic et al analyzed clinical data from
93,840 patients who underwent primary TKA during a
24-month period. Of those patients, 51,923 (55%) received
warfarin and 37,198 (40%) were treated with injectable
agents. However, only 4,719 (5%) of these patients received
aspirin. The patients who received aspirin for VTEP had
lower risk for thromboembolism compared with patients
administered warfarin, but the risk of VTE with aspirin as the
preventive measure was similar to the risk when injectable
VTEP was the measure. These results suggest that aspirin
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may be effective for VTEP for certain TKA patients when
it is used in accordance with other clinical care protocols.®
Jiang et al compared the efficacies of aspirin (group A) and
LMWHs followed by rivaroxaban (group B) in combination
with mechanical postoperative measures in the prevention
VTE after TKA, and they did not report any significant
differences. In group A, ten of 60 patients (16.7%) suffered
a DVT (95% CI: 7.3-26.1), and in group B (LMWHs/
rivaroxaban), eleven of 60 patients (8.3%) suffered a DVT
(95% CI: 8.5-27.8) (P=0.500).% The American Academy of
Orthopaedic Surgeons (AAOS) and the ACCP offer guide-
lines for the use of aspirin for the prophylaxis of VTE events
in patients recovering from orthopedic surgery. Consistent
with the guidelines, many surgeons select aspirin for VTEP,
especially in patients undergoing TKA.% According to
Knesek et al, the most recent AAOS and ACCP guidelines
allow considerable autonomy in the choice of prophylactic
agents (VKAs, NOACS, and LMWHs) for thromboembolic
prophylaxis following total joint arthroplasty.®® In view of
independent observational studies that identified minimal
difference between LMWHs and aspirin, the National Insti-
tute for Health and Clinical Excellence (NICE) guidelines
may be overly reliant on assumptions and may warrant
revision.*

Adverse effects of aspirin

Increased bleeding is the most frequent and important side
effect of aspirin. Gastrointestinal bleeding is reported in
approximately 3% of elderly patients treated with aspirin.®’
To reduce the incidence of this adverse effect of aspirin, it is
reasonable to prescribe low doses of enteric-coated aspirin.
The risk of major gastrointestinal events is increased by 30%,
to 70% over the overall baseline risk of 0.7 per 1,000 per year
that is observed with low- or standard-dose aspirin was com-
pared with enteric-coated aspirin (to prevent gastrointestinal
bleeding).®” Although hemorrhagic strokes are rare, they are the
most serious side effect and are potentially fatal. It is estimated
that hemorrhagic strokes occur at a rate of 0.03% per year
in aspirin users.** Additionally, hematologic side effects,
such as hypoprothrombinemia,*® thrombocytopenia,® and
pancytopenia, have been rarely reported.” Other side effects
of aspirin include renal, dermatologic, hepatic, oncologic,
musculoskeletal, cardiovascular, and respiratory problems.
Hypersensitivity to aspirin can also occur.

Conclusion
Many recent randomized controlled trials have indicated
that aspirin achieves its antithrombotic effects through

more mechanisms than previously realized. Aspirin is a
promising drug for the prevention of recurrent unprovoked
VTE, and its long-term use does not carry a great risk of
major bleeding. Other advantages of aspirin include its
low cost, once-daily application, and lack of need for dose
monitoring.
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