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Aspirin is an effective antiplatelet agent with proven benefit in the prevention of
atherothrombotic complications of cardiovascular disease. The antithrombotic effects
of aspirin, however, are variable among individuals and this might explain, in part,
why the absolute risk of recurrent vascular events in patients receiving aspirin therapy
remains relatively high (8%-18% after 2 years). Although formal diagnostic criteria
are lacking, aspirin resistance generally describes the failure of aspirin to produce

an expected biological response or the failure of aspirin to prevent atherothrombotic
events. Aspirin resistance has been reported to occur in 5% to 45% of the general
population; therefore, its detection is potentially of clinical importance. The biological
mechanisms, population prevalence, laboratory methods for detection, and clinical
relevance of aspirin resistance are discussed in this review.
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tion of atherothrombotic complications of cardiovascular disease. Clinical

Q spirin is an effective antiplatelet agent with proven benefit in the preven-

trials have demonstrated that aspirin is effective for both primary and
secondary prevention of myocardial infarction, stroke, and cardiovascular death'?
and in the acute management of myocardial infarction, unstable angina, and
embolic stroke.™ A recent meta-analysis reported that among high-risk vascular
patients, aspirin therapy was associated with a 34% reduction in nonfatal
myocardial infarction, a 25% reduction in nonfatal stroke, and an 18% reduction
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in all-cause mortality.® Despite this,
the absolute risk of recurrent vascular
events among patients taking aspirin
remains relatively high, an estimated
8% to 18% after 2 years,* suggesting

ies have demonstrated that decreased
responsiveness to aspirin therapy is
associated with an increased risk of
clinical events.*'*"* These observations
and others have led to the concept

Measurements of platelet aggregation, platelet activation, and bleeding
time have all confirmed variability in patients’ antithrombotic responses

to aspirin therapy.

that the antiplatelet effects of aspirin
may not be equivalent in all patients.

Measurements of platelet aggrega-
tion, platelet activation, and bleeding
time have all confirmed variability in
patients’ antithrombotic responses
to aspirin therapy.*’ Prospective stud-

of aspirin resistance. Although formal
diagnostic criteria are lacking, aspirin
resistance generally describes the fail-
ure of aspirin to produce an expected
biological response (ie, platelet inhi-
bition) or to prevent atherothrom-
botic events.

The prevalence of aspirin resistance
remains uncertain but the majority
of previous studies have reported
that it may affect anywhere from 5%
to 45% of the population (Table 1).
Given the prevalence of cardiovas-
cular disease, aspirin resistance is
potentially a significant clinical prob-
lem. Therefore, identifying aspirin
nonresponders and achieving appro-
priate levels of platelet inhibition
with alternate therapy potentially
has great clinical importance. Recent
clinical cardiovascular trials demon-
strating the benefits of alternate
antiplatelet agents, such as thienopy-
ridine derivatives, highlight this
fact.*** In addition, it has been
hypothesized that dual antiplatelet
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Aspirin Resistance continued

therapy may have particular benefit
among aspirin nonresponders.*°

Mechanism of Action and
Pharmacokinetics of Aspirin
Aspirin exhibits its primary anti-
thrombotic effect by interfering
with platelet aggregation. It does this
by inhibiting the cyclooxygenase
(COX) activity of prostaglandin (PG)
H-synthase, which in turn blocks the
metabolism of arachidonic acid to
cyclic prostanoids such as throm-
boxane A2 (TXA2), prostacyclin,
and other prostaglandins (Figure 1).
Thromboxane A2 is synthesized and
released by human platelets in
response to a variety of stimuli (ie,
collagen, adenosine diphosphate
[ADP], thrombin, platelet activating
factor) and acts to amplify the
platelet aggregation response and
to cause vasoconstriction (Figure 2).
Inhibition of TXA2 formation is
thought to be the primary mecha-
nism for aspirin’s antithrombotic
effect and is achieved by the irre-
versible acetylation of the serine
domain in the active site of COX.
There are 2 COX isoforms but
only the first (COX-1) is constitu-
itively expressed in mature platelets.
Because platelets have minimal
capacity for protein synthesis, the
inactivation of COX-1 by aspirin is
irreversible for the life of the platelet
(8-10 days). Patrono and colleagues"
recently demonstrated that COX-2
is present in newly formed platelets
(8%-10% of circulating platelets)
and that PGE2 is the main product
of platelet COX-2 activity. During
periods of increased platelet turnover,
however, the number of young
platelets is large enough to produce
detectable amounts of COX-2 derived
TXA2." COX-2 has been detected in
a variety of cell types and tissue dis-
tributions. Its role in inflammatory
disorders is widely recognized. The
fact that aspirin is 170-fold more

potent in inhibiting COX-1 than
COX-2 explains in part why aspirin
has relatively weak anti-inflammatory

effects at low (81-325 mg/d) doses.”
Aspirin is rapidly absorbed from
the gastrointestinal tract and peak

Figure 1. Aspirin mediated inhibition of arachidonic acid metabolism. COX-1, cyclooxygenase isoform 1; HOX,
hydroperoxidase; 5-HPETE, 5-hydroperoxyeicosatetraenoic acid; PG, prostaglandin; TXA2, thromboxane A2.
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Figure 2. Platelet activation. AA, arachidonic acid; ADP, adenosine diphosphate; CA, calcium; cAMP, cyclic-adenosine
monophosphate; GF, glycoprotein; IP3/DAG, inositol-1,4,5-triphosphate/diacylglycerol; PAF, platelet activating
factor; PG, prostaglandin; PKC, protein kinase C; PLC, phospholipase C; TXA2, thromboxane A2.
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plasma concentrations are achieved
in 30 to 40 minutes. Significant
platelet inhibition is noted within
60 minutes of ingestion and a single
dose of 100 mg of aspirin can com-
pletely block TXA2 production for
the life of the platelet in most indi-
viduals.*®?* The plasma half-life of
aspirin is only 20 minutes but the
irreversible nature of aspirin’s effect
on platelet function makes once-daily

vitamin K antagonism, decreased
platelet production of thrombin, and
acetylation of 1 or more clotting
factors.” Aspirin might also impair
platelet function by inhibiting neu-
trophil-mediated platelet activation."
In addition to its direct platelet
effects, aspirin might alter the patho-
genesis of cardiovascular disease by
protecting LDL from oxidative modi-
fication, thereby improving endothe-

In addition to its direct platelet effects, aspirin might alter the pathogenesis
of cardiovascular disease by protecting LDL from oxidative modification,
thereby improving endothelial dysfunction in atherosclerotic patients, and
by attenuating the inflammatory response by acting as an antioxidant.

dosing sufficient to maintain its
antithrombotic benefit. Although
therapeutic benefits have been
demonstrated for a variety of doses
(30 to 1500 mg/d), higher dose regi-
mens (500-1500 mg/d) are not asso-
ciated with significant added benefit
and have been associated with
increased risk of adverse effects.® A
recently published retrospective
analysis of patients with acute coro-
nary syndromes enrolled in the
Global Utilization of Streptokinase
and Tissue Plasminogen Activator
for Occluded Coronary Arteries
(GUSTO) IIb and Platelet IIb/Illa
in Unstable Angina: Receptor
Suppression Using Integrilin Therapy
(PURSUIT) trials failed to demonstrate
a significant difference in 6-month
outcomes among patients taking
low- (< 150 mg/d) and intermediate-
(> 150 mg/d) dose aspirin.?

Aspirin might also influence
hemostasis and cardiovascular dis-
ease by mechanisms independent of
prostaglandin production. Although
less clearly defined, the non-prosta-
glandin mediated effects of aspirin
on hemostasis are thought to be
dose-dependent and unrelated to
COX-1 activity. These effects include

lial dysfunction in atherosclerotic
patients, and by attenuating the
inflammatory response by acting as
an antioxidant.”

Measurement of Platelet
Function
Traditionally, platelet aggregation
has been measured in platelet-rich
plasma using an optical aggregometer.
The aggregation response is stimu-
lated by the addition of a platelet
agonist (ie, epinephrine, ADP, or
collagen) and graded on a 0% to
100% scale, according to the degree
of light transmission. As platelets
bind via fibrinogen, light transmis-
sion increases. Although this tech-
nique has been used extensively, it
is labor-intensive and requires tech-
nical expertise, and the results may
vary with changes in platelet count
and agonist used.* In contrast, whole
blood aggregometry eliminates the
need to prepare platelet-rich plasma
and measures the platelet aggrega-
tion response using electrical imped-
ance rather than optical density.
The results of this technique, how-
ever, have not correlated well with
optical aggregometry.*

Other means of analyzing platelet

function include the platelet func-
tion analyzer (PFA)-100 (Dade-
Behring, Deerfield, IL) and the Rapid
Platelet Function Assay (RPFA)
(Accumetrics, San Diego, CA).” Both
of these methods are point-of-care
tests intended for widespread clini-
cal use. The PFA-100 system simu-
lates hemostasis by allowing whole
blood to flow through a cartridge
containing an aperture coated with
collagen and epinephrine or ADP.
The time required for platelet plug
formation, aperture closure, and
cessation of blood flow is used as
a measure of platelet activation.
The PFA-100 system demonstrates
reasonable correlation with optical
aggregometry and has been used to
measure platelet response to aspirin
therapy.”* The RPFA system is a tur-
bidimetric-based optical detection
system that measures platelet-induced
aggregation in citrated whole blood.
Cationic propyl gallate is used to
induce platelet activation and platelet
agglutination with fibrinogen-coated
microparticles. Adhesion occurs in
proportion to the number of avail-
able platelet receptors, is measured
as an increase in light transmission,
and is reported in aspirin response
units (ARUs). Aspirin nonrespon-
siveness is defined by an ARU value
greater than 550. The assay is affected
by concomitant glycoprotein IIb/Illa
inhibitor, clopidogrel, dipyridamole,
streptokinase, and non-steroidal
anti-inflammatory drug (NSAID)
therapy. Results from the RPFA
system correlate well with those
from the PFA-100 system as well as
traditional optical aggregometry
using platelet-rich plasma.* Recent
studies have used the RPFA system
to correlate aspirin nonresponsive-
ness with increased risk of cardio-
vascular events.'>*

Platelet activation can also be
measured by the release of arachidon-
ic acid metabolites. Urinary levels of
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11-dehydro TXB2, a stable metabo-
lite of TXA2, have been used to
study the extent of aspirin mediated
inhibition of thromboxane genera-
tion.’ However, it is not known
whether the persistent elevation in
urinary TXB2 levels is explained sim-
ply by uninhibited platelet COX-1
activity or perhaps also by COX-1-
independent sources of TXA2 gener-
ation. Serum markers, such as soluble
CD40 ligand and P-selectin, have also
shown promise as measurements of
platelet activation.” To date, however,
little is known about these markers
and their correlation with platelet
aggregometry, especially in the con-
text of aspirin therapy.

Aspirin Resistance

The potential for therapeutic resist-
ance originated from the observa-
tion that the immediate biological
effects of aspirin are not uniform
among all patients. Mehta and
coworkers” reported that 30% of
patients with coronary artery disease
had minimal inhibition of platelet
aggregation with a single 650 mg
dose of aspirin. Similar variability in
aspirin-mediated platelet inhibition
was noted among normal subjects,
post-stroke patients, patients with
stable coronary artery disease, and
patients presenting for coronary
artery bypass surgery.©®** More
recently, Grundmann and colleagues®
reported that, in patients with symp-
tomatic transient ischemic attack or
stroke, the incidence of aspirin
resistance was significantly higher
(34%) as compared to a panel of
asymptomatic patients with known
cerebrovascular disease (0%). Despite
the apparent consistency of these
observations, the exact prevalence
of aspirin resistance remains uncer-
tain. The absence of standardized
diagnostic criteria or a single vali-
dated method of identifying affected
individuals has led to a wide range

of population estimates (Table 1).

A number of studies have explored
the relationship between platelet
reactivity, aspirin therapy, and
risk of future vascular events.
Grotemeyer* reported a 30% inci-
dence of aspirin resistance among
post-stroke patients (as defined by a
platelet reactivity index greater than
1.25) after the ingestion of 500 mg
aspirin. At 2-year follow-up, the
aspirin nonresponders had a 10-fold
increase in the risk of recurrent vas-
cular events as compared to aspirin-

aspirin resistance was associated
with a significant increase (hazard
ratio 3.12, 95% confidence interval
1.1-8.9) in the risk of myocardial
infarction, stroke, or death. Chen
and colleagues” reported a 19.2%
incidence of aspirin resistance, as
defined by the Ultegra RPFA, among
151 patients with coronary artery
disease who presented for a non-
urgent percutaneous coronary inter-
vention procedure. Despite adequate
pretreatment with clopidogrel and
procedural anticoagulation with

Despite adequate pretreatment with clopidogrel and procedural antico-
agulation with heparin, aspirin resistance was associated with a
2.9-fold increased risk of CK-MB elevation, when compared to aspirin-

sensitive patients.

sensitive patients.® Similarly, aspirin
resistance was found in 40% of
patients with intermittent claudica-
tion who presented for a peripheral
vascular angioplasty procedure. After
18 months of follow-up, aspirin
resistance was associated with an
87% increase in the risk of arterial
reocclusion.®* In a nested case-con-
trol study among aspirin-treated
patients within the Heart Outcome
Prevention Evaluation (HOPE) trial,
investigators found that the risk of
myocardial infarction, stroke, or car-
diovascular death increased with
each increasing quartile of urinary
11-dehydro TXB2. Those in the
upper quartile had a 2-fold increase
in risk of myocardial infarction and
a 3.5-fold increase in risk of cardio-
vascular death when compared to
those in the lowest quartile."

More recently, Gum and cowork-
ers'' reported a 5% incidence of
aspirin resistance, as defined by
optical platelet aggregation, among
326 patients with stable cardiovas-
cular disease. With a mean follow-
up of 2.1 years, they found that
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heparin, aspirin resistance was asso-
ciated with a 2.9-fold increased risk
of CK-MB elevation, when com-
pared to aspirin-sensitive patients.
Observations from clinical trials
involving patients with coronary
artery disease who experience
atherothrombotic events while on
aspirin therapy also support the
concept of aspirin resistance.
Investigators from the PURSUIT trial
reported that among 9461 patients
presenting with acute coronary syn-
dromes, those previously taking
aspirin were 20% more likely to suf-
fer a recurrent event in the following
6 months as compared to patients
who were previously aspirin-naive.*
Similarly, a post-hoc analysis of
the Platelet Receptor Inhibition in
Ischemic Syndrome Management in
Patients Limited by Unstable Signs
and Symptoms (PRISM-PLUS) trial
and a combined analysis of the
Efficacy and Safety of Subcutaneous
Enoxaparin in Non-Q-wave Coronary
Events (ESSENCE) and the Throm-
bolysis in Myocardial Infarction 11B
(TIMI 11B) trials reported that prior
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aspirin use was an independent pre-
dictor of increased cardiovascular
risk among patients with acute coro-
nary syndromes.*’

Potential Mechanisms
of Aspirin Resistance
Although the mechanism for aspirin
resistance remains uncertain, it is
likely due to a combination of clini-
cal, biological, and genetic properties
affecting platelet function (Table 2).
From the clinical perspective,
behavioral habits (ie, tobacco use)
as well as issues of copharmacy
(eg, NSAIDs) may help contribute to
individual differences in aspirin
responsiveness. Tobacco use increas-
es platelet activation and accentuates
platelet thrombus formation despite
aspirin-mediated suppression of
platelet COX-1 activity and TXA2
synthesis.®® Although controversial,
several studies have demonstrated
that the coadministration of aspirin
with NSAIDs may attenuate the
long-term antithrombotic benefits
of aspirin.** Nonselective NSAIDs
have a strong binding affinity for a
specific region of platelet COX-1 and
may prevent aspirin mediated acetyla-
tion and enzyme inhibition. Current
data are not, however, consistent or
definitive in proving the clinical rel-
evance of this potential interaction.
The duration of aspirin therapy
may also contribute to aspirin respon-

Table 2
Potential Mechanisms of Aspirin Resistance

Clinical Variables:

1) Cigarette smoke enhances platelet function

2) Non-steroidal anti-inflammatory drugs inhibit aspirin-mediated COX-1 acety-
lation and may attenuate the long-term antithrombotic benefits of aspirin

3) Subtherapeutic aspirin levels: Antiplatelet effects may be dose dependent

Biological Factors:

1) Alternate pathways of platelet activation:
a) Increased collagen sensitivity in aspirin nonresponders may lead to

increased platelet adhesion

b) Failure to inhibit catecholamine-mediated platelet activation (eg, exercise,

mental stress, epinephrine)

2) Aspirin-insensitive TXA2 biosynthesis: Inducible COX-2 or regenerated COX-1
activity in macrophages and vascular endothelial cells may augment TXA2

production

3) Isoprostanes: Prostaglandin-like compounds can be produced from arachidonic

acid and lipid peroxidation

Genetic Variables:

1) Mutations and/or polymorphisms of the COX-1 gene may prevent aspirin-

mediated COX-1 acetylation

2) Glycoprotein IIb/Illa receptor polymorphisms (P1A2)

COX-1, cyclooxygenase isoform 1; COX-2, cyclooxygenase isoform 2; TXA2, thromboxane A2.

with progressive reduction in sensi-
tivity to its effects.*

Platelets are activated by multiple
receptors and pathways and this
redundancy may contribute to the
problem of aspirin resistance. Thus,
pathways involving non-TXA2-
dependent activators such as throm-
bin, ADP, epinephrine, and collagen

Although controversial, several studies have demonstrated that the co-
administration of aspirin with NSAIDs may attenuate the long-term

antithrombotic benefits of aspirin.

siveness. A recent study investigated
ADP and collagen-induced platelet
aggregation before and after 2, 6, 12,
and 24 months of aspirin treatment
(100 or 330 mg/d) in 150 subjects.
Despite an adequate platelet-inhibito-
ry response at 2 months, long-term
treatment with aspirin was associated

can bypass the aspirin-mediated
inhibitory effect leading to platelet
activation and thrombosis. Aspirin
may not adequately inhibit cate-
cholamine-induced platelet aggrega-
tion. Among patients with a previ-
ous myocardial infarction, it was
demonstrated that although aspirin

achieved adequate antiplatelet effects
at rest, it failed to inhibit exercise-
induced increases in platelet aggre-
gation.” Among normal subjects,
aspirin pretreatment was shown to
attenuate basal platelet aggregability
but not the effect of norepinephrine
infusion on platelet aggregation.*
Both observations suggest that the
antiplatelet effects of aspirin may be
overcome during times of increased
sympathetic nervous system activity,
including periods of exercise or men-
tal stress. Finally, there is evidence to
suggest that aspirin nonresponders
may have increased platelet sensi-
tivity to collagen.*

Alternate pathways for synthesis
of TXA2 and prostaglandin-like
compounds (isoprostanes) have been
identified and may contribute to the
syndrome of aspirin resistance. The
interaction of platelets with other
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cells such as erythrocytes may also
affect aspirin-mediated inhibition as
erythrocytes induce an increase in
platelet TXB2 synthesis and release
of serotonin, {3-thromboglobulin,
and ADP. Previous investigation
among patients with known vascular
disease demonstrated that aspirin
(200 to 300 mg daily) incompletely
blocks platelet reactivity in up to
two thirds of patients, in the pres-
ence of erythrocytes, despite adequate
inhibition of platelet TXA2 synthe-
sis.* Aspirin-insensitive TXA2 biosyn-
thesis can occur as a result of COX-2
induction in non-platelet cells
(monocytes/macrophages or endo-
thelial cells) resulting from local
inflammatory stimuli."”* These cells
can either release TXA2 or provide
its precursor, PGH2, to the aspirin
inhibited platelets. Additionally,
COX-2 is present in newly formed
platelets and may account for
detectable levels of TXA2 synthesis
during periods of increased platelet
turnover.” Isoprostanes, resulting
from lipid peroxidation, circulate at
increased concentrations in patients
with unstable angina, diabetes melli-
tus, and/or hyperlipidemia, and in
cigarette smokers. In addition, acting
as vasoconstrictors, isoprostanes may

have a role in amplifying the response
of platelets to other agonists."”*

Lastly, it has been proposed that
genetic differences in the COX-1
gene or the glycoprotein IIb/Illa
receptor complex may contribute to
aspirin resistance. Polymorphisms
of the IIla subunit have been identi-
fied and specific alleles, PIA1/A2 and
P1A2/A2, are associated with increased
thrombin formation and a lower
threshold for platelet activation,
a-granule release, and fibrinogen
binding. Carriers of the PIA2 poly-
morphism may be more resistant
to the antithrombotic effects of
aspirin.** Although unproven, it has
been suggested that mutations and/or
polymorphisms of the COX-1 gene
may also help to explain the struc-
tural basis for aspirin resistance in
some patients."”

Conclusions

Although the term aspirin resistance
remains broadly defined, it appears
to represent a valid and important
biological phenomenon with signif-
icant clinical implications. There are,
however, many unanswered ques-
tions. Principal among the uncer-
tainties are: 1) the lack of a stan-
dardized definition and validated

method of identifying aspirin resist-
ance; 2) the unknown prevalence of
aspirin resistance within the popu-
lation; 3) the absence of a clearly
defined biological mechanism for
aspirin resistance; 4) the uncertain
clinical relevance of aspirin resist-
ance in cardiovascular risk preven-
tion; and 5) the absence of a proven
therapeutic intervention for affect-
ed individuals. While some of these
questions will hopefully be addressed
in the Clopidogrel for High
Atherothrombotic Risk and Ischemic
Stabilization Management and
Avoidance (CHARISMA) trial, an
ongoing randomized clinical trial
evaluating the combination of
aspirin plus clopidogrel versus aspirin
alone in both secondary prevention
and high-risk primary prevention,
further investigation is necessary
before the concept of aspirin resist-
ance can be readily applied to clinical
practice and risk stratification. Until
then, aspirin remains a proven and
powerful therapy against the athero-
thrombotic complications of cardio-
vascular disease. [ ]
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