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Abstract : Aspirin reduces the odds of serious atherothrombotic vascular
events and death in a broad category of high risk patients by about one
quarter. The term ‘aspirin resistance’ has been used to describe not only
an absence of the expected pharmacologic effects of aspirin on platelets but
also poor clinical outcomes, such as recurrent vascular events, in patients
treated with aspirin. Various factors such as genetic, nonadherence, variable
response to different doses, co-morbid conditions and drug interactions are
responsible for aspirin resistance. Many methods, with their limitations,
are available to measure the effects on platelets. Despite treatment failures,
aspirin remains the single most cost-effective drug for the secondary
prevention of atherothrombotic disease. To optimize its clinical effectiveness,
clinicians should be aware of the potential causes of aspirin treatment
failure, prescribe aspirin in appropriate doses, and encourage patients to
take aspirin, stop smoking, and avoid regular use of NSAIDs.
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INTRODUCTION

The history of aspirin spans ages and
continents from Hippocrates analgesic for
women in labour to the rediscovery of the
white willow bark by English country scholar
Reverend Edward Stone. Bayer chemist Felix
Hoffmann reinvented aspirin for his ailing
father; suburban physician L.L. Craven
pioneered the prophylactic antithrombotic

uses of aspirin and Sir John Vane elucidated
aspirin’s mechanism of action as the
inhibition of prostaglandin synthetase.
Although the antiplatelet action of this
‘wonder drug’ was recognised in the 1940’s
it was only in 1970’s and 1980’s that several
studies and large scale trials showed
its benefit in myocardial infarction and
stroke (1). With the antiplatelet trialists
collaboration studies showing direct evidence
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of benefit from antiplatelet therapy among a
broad range of patients having occlusive
vascular disease, with reduction in the
combined outcome of any serious vascular
event by about one quarter, non-fatal
myocardial infarction by one third, non-fatal
stroke by one quarter, and vascular mortality
by one sixth, aspirin became the most
commonly used antiplatelet drug. Aspirin was
the most widely tested drug among the trials
studied (2, 3).
Magnitude of the problem

Over the last few years several studies
have shown that the response to aspirin is
not uniform among the patients (4, 5, 6).
It ranges from desired effect of total
inhibition of platelet aggregation to partial
responsiveness, to a significant lack of effect
on platelet aggregation. Most of these
findings are based on lab methods with some
studies trying to correlate them with the
clinical outcome (8, 9, 10, 11). The term
‘aspirin resistance’ has been coined to
describe the phenomenon although it needs
to be properly defined. Various studies have
estimated the incidence of aspirin resistance
to be 5-75% (12). It has been suggested that
such patients have a three-fold higher risk
of death, heart attack or stroke. Also, 1 in 10
high risk patient suffer from the recurrence
of a vascular event within the next 2 years
despite regular daily aspirin therapy (13).

Factors causing or
resistance

contributing to aspirin

Genetic factors

(i) Variants of the cyclo-oxygenase 1
(COX-1) gene that could possibly result in
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an unblocked and thus aspirin-resistant
COX-1 enzyme and phenotype, are a
proposed mechanism (10). However, a study
comprising 68 patients in whom COX-1 gene
was sequenced revealed several variants but
none of the mutations were located near the
catalytic site. Carriers and non-carriers of
one of the mutations behaved similarly when
aggregation and granule content release
function were studied using collagen, ADP
and arachidonic acid as agonists (14). In
another study variation in COX-1 activity
could account for only 6-20% of the
individual aggregations. Thus it was
concluded that aspirin resistance expressed
as unsuppressed COX-1 activity is a rare
condition in an out-patient population (15).

(ii) Increased platelet turnover elevates
platelet COX-2. COX-2 is 170-fold less
sensitive to inhibition by aspirin. It has been
speculated that platelet aspirin resistance
may be caused by COX-2 in platelets by
generating critical amounts of thromboxane
despite aspirin treatment. In this context it
is interesting that coronary artery bypass
graft (CABG) patients express transiently an
immunoreactive COX-2 protein with lower
molecular weight. Despite the increase in
platelet COX-2 after CABG, in the above
study thromboxane synthesis was not
prevented by the potent and selective COX-
2 inhibitor celecoxib, indicating that COX-2
does not produce functionally relevant
amounts of thromboxane (6).

(iii) Polymorphisms involving platelet
glycoprotein la/2a, 2b/3a receptors (17).

Activation of platelets by alternative pathways

(i) In a study among 55 patients, plasma
levels of thromboxane B2 as well as markers
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for oxidative stress and known platelet
activators 8-isoprostane and lipid
peroxidation products were significantly

higher in aspirin-resistant individuals. The
same study found that differences in COX-1
and COX-2 expression or a novel platelet
COX-1 single nucleotide polymorphism (SNP)
and the P1A/A2 SNP were unrelated to
aspirin-resistance (12).

(i) Biosynthesis of thromboxane A,
(TXA)) via the COX-2 pathway is known to
occur in macrophages and the related cells
that differentiate from circulating monocytes.
These cells are the principal non-platelet site
of TXA, biosynthesis which would remain

unaffected by Ilow dose aspirin. The
formation of TXA, from cells in the
monocyte-macrophage cell line could

potentially occur in circulating monocytes,
pulmonary macrophages, vascular plaque,
or any other site of smoking-induced
inflammation (18).

(iii) Increased platelet activity due to
elevated levels of von Willebrand factor, ADP,
for example, following myocardial infarction
(7, 19).

(iv) Increased sensitivity of platelets to
collagen, epinephrine (7, 19).
turnover of

Increased platelets

Increased platelet turn over has been
observed following coronary artery bypass
grafting. The irreversible acetylation of a
specific serine moiety (position 530) of COX-
1 by aspirin needs to proceed at a high rate,

because the plasma half-life of aspirin
is short (20 minutes). In the study by
Zimmermann et al, (16) thromboxane
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formation by control platelets (before CABG)
was largely inhibited within 15 minutes,
which is within the half-life of aspirin in
blood. In contrast, platelets from patients
after CABG revealed a significantly delayed
inhibition of cyclooxygenase by aspirin,
probably not allowing for relevant platelet
inhibition before conversion of aspirin to
salicylate. This observation may suggest that
aspirin resistance can be overcome by a
prolonged administration, such as repeated
doses per day (16).

Drug interaction

Ibuprofen or indomethacin given
concurrently competes with aspirin for the
active binding site on COX enzyme. NSAIDs,
unlike aspirin, bind reversibly at the active
site of the enzyme, wusually depressing
platelet thromboxane formation to the degree
that platelet function is impaired for only a
portion of the dosing interval. When
co-administered with aspirin, NSAIDs
competitively inhibit the access of aspirin to
the acetylation site in the platelet COX-1.
This interaction may be clinically relevant,
because platelet aggregation may be
sustained through the thromboxane pathway
even if only 10 to 15 percent of the platelets
remain functional. The inhibitory effects of
daily low-dose aspirin on platelets are
competitively inhibited by the prolonged use
of multiple daily doses of ibuprofen, even
when aspirin is administered before the first
dose of the NSAID (20).

Dose of aspirin

Single oral doses of 5 to 100 mg of aspirin
result in dose-dependent inhibition of platelet
cyclooxygenase activity, with 100 mg almost
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completely suppressing the biosynthesis of
thromboxane A, in normal subjects and in
patients with atherosclerotic vascular
disease. Because of the permanent nature of
aspirin-induced inactivation of platelet
prostaglandin G/H synthase, the inhibitory
effect of repeated daily doses below is
cumulative. Thus, the daily administration
of 30 to 50 mg of aspirin results in virtually
complete suppression of platelet thromboxane
biosynthesis after 7 to 10 days. With respect
to the most effective dose of aspirin for
patients with cerebrovascular disease, direct
comparisons revealed no differences in
efficacy between doses of 300 and 1200 mg
daily or between doses of 30 and 283 mg
daily, although a small difference may have
been missed because of the limited sample
size.

Evidence supports the choice of a daily
dose of 75 to 100 mg for the prevention of
arterial thromboembolism in all high-risk
situations. This recommendation is based on
the following considerations: this dose of
aspirin is somewhat in excess of the lowest
amount needed to suppress thromboxane-
dependent platelet activation; three separate,
placebo-controlled trials of daily doses of 75
mg have been completed involving more
than 4000 patients with cardiovascular or
cerebrovascular disease, with consistently
positive results. Unbiased, indirect
comparisons of different aspirin regimens do
not demonstrate a larger effect of higher
doses and, in fact, suggest that the opposite
may be true. Because doses lower than 2
mg per kilogram of body weight per day may
take a few days to exert their full antiplatelet
effect, treatment should be initiated with a
higher dose (such as a single adult tablet of
300 to 325 mg or two to three children’s
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tablets of 75 to 100 mg) when immediate
suppression of platelet activation is desirable,
as in the initial treatment of patients with
acute myocardial infarction, unstable angina,
or crescendo transient cerebral ischemic
attacks.

There is evidence, however, that doses
of approximately 300 mg/d produce fewer Gl
side effects than doses of approximately 1,200
mg/d. There is also some evidence that a
dose of 30 mg/d produces fewer side effects
than 283 mg/d (21).

Co-morbidities

(i) Hypercholesterolemia : A significant
correlation has been shown between total
serum cholesterol or LDL cholesterol and
the amount of thrombin generated after
aspirin treatment. In subjects with high
blood cholesterol levels, thrombin generation
was not affected by aspirin. Blunting of
aspirin response in hypercholesterolemia
might be explained by (i) alterations in
platelet lipid-protein matrix that render their
membrane proteins less accessible for
acetylation by aspirin and (ii) changes in
composition and structure of plasma
lipoproteins that diminish the chance of
aspirin to interact with prothrombin (22).

However, in another study of aspirin
resistance done in diabetic patients platelet
aggregation correlated with HDL such that
patients with low HDL levels were more
likely to be aspirin sensitive .But aspirin
resistance (AR) was not related to total
cholesterol (23).

(ii) Diabetes mellitus : Although aspirin
is the most commonly used antiplatelet agent
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among diabetics everyday clinical practice
shows that antiplatelet pharmacological
approach may not always be efficient enough
in people with diabetes. Diabetic platelets
respond more frequently even to sub-
threshold stimuli, sooner become exhausted,
consumed and finally hyposensitive, thus
contributing to accelerated thrombopoesis
and release of fresh hyperactive platelets. A
study among 203 diabetic patients (both type
1 and 2 Diabetes Mellitus) found similar
prevalence of AR .Aspirin resistance was not
related to age, glycohaemoglobin, total
cholesterol, or a history of cardiovascular
disease. Female gender was a strong
independent predictor of aspirin resistance
in patients with type 1 diabetes (23).

The effect of increasing doses of aspirin
has been studied among 102 type 2 diabetic
patients using the platelet function analyzer
(PFA)-100. Although, a daily dose of 100 mg
aspirin effectively inhibited platelet function
in a majority of diabetics, a considerable
proportion of patients showed a greater
platelet inhibition with the use of 300 mg
aspirin (24).

Other factors

(i) Like for all the other drugs compliance
is one of the major factors determining
the success of aspirin therapy. Older age
and use of higher doses of aspirin are
independent risk factors for non compliance
(25).

(ii) Aspirin resistance is more common
in smokers. Smoking is associated with an
increased risk of myocardial infarction and
sudden death. Platelet activation and
thrombosis at sites of vessel stenosis and
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injury or plaque disruption play a crucial
role in these acute coronary events. Smoking
acutely increases platelet thrombus
formation on arterial media wall (simulating
deep arterial injury) exposed to circulating
blood under rheological conditions associated
with vessel stenosis. Aspirin inhibition of
platelet cyclooxygenase may not be sufficient
to prevent the acute increase in platelet
thrombus formation after smoking. This
increase in platelet thrombus formation is
associated with an enhanced aggregation
response to thrombin. The acute increase
in platelet thrombus formation after
smoking could be related to the increased
epinephrine level, which can enhance platelet
aggregation despite aspirin treatment (26,
27, 28).

(iii) Upright posture and maximal
exercise increase platelet aggregation.
Individuals who are aspirin sensitive at rest
might have exercise induced platelet
activation which is resistant to aspirin
(29,30).

(iv) Enteric coated aspirin formulations
have been considered as a factor for aspirin
resistance. The lower bioavailability and poor
absorption from the higher pH of small
intestine may result in inadequate platelet
inhibition. However there are studies to
prove the contrary as well (31, 32).
Laboratory assessment of aspirin resistance

In terms of laboratory assays, aspirin has
varying effects. It does not affect platelet
count, prothrombin time, or activated partial
thromboplastin time. The bleeding time is
not sensitive or specific, and it does not
necessarily reflect the risk or severity of
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surgical bleeding and has no clinical utility
(33). Platelet aggregometry predictably
shows an absent response to the agonist
arachidonic acid and may also show changes
in the response to adenosine diphosphate.
Flow cytometry is sometimes useful to
confirm platelet activation. The clinical
utility of both standard aggregometry and
flow cytometry is limited, however. Both
assays are technologically intensive and
expensive and require highly trained
laboratory personnel. In addition, the
results of both assays are subject to
interpretation. Further, assay results do not
necessarily correlate well with clinical
outcomes (34).

There is no gold-standard laboratory test
for assessing platelet function, although
standard platelet aggregometry is the assay
against which all others are compared. The
newer assays include the following:

PFA-100 (platelet function analyzer) has
been approved by the US Food and Drug
Administration (FDA)- to detect platelet
dysfunction, von Willebrand disease, and
aspirin-induced platelet inhibition (35). It is
an in vitro quantitative measurement of
platelet adhesion and aggregation that
requires whole blood collected in 3.8% sodium
citrate. As with any laboratory test, there
are limitations to the PFA-100. Among them
are that an incorrect citrate concentration,
ie, 3.2%, may shorten closure time. Also,
the cut-off value to determine ASA sensitivity
is poorly defined (35).

VerifyNow Aspirin Assay was previously
marketed as the Ultegra Rapid Function
Platelet Assay - aspirn(36). It is FDA-
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approved ‘to aid in the detection of platelet
dysfunction due to aspirin ingestion’. It is
an in vitro semiquantitative measurement
of aspirin dependent aggregation that
requires whole blood collected in 3.2% sodium
citrate. There are primarily 2 limitations to
the VerifyNow Aspirin Assay. The first is
that, according to the manufacturer, this test
cannot be used in patients with inherited
platelet defects or in patients receiving many
other anti-platelet drugs. The second is that
the few evaluation studies to date are faulty.
In some studies, aspirin resistance has been
correlated with biochemical cardiovascular
injury, but there has been no systematic
follow-up of those patients — outcomes data
(36). In those studies that did attempt to
correlate test results with clinical outcomes,
there were confounding variables, such as
other anti-platelet drugs (37).

Platelet Works is FDA-approved to detect
platelet dysfunction due to inhibition
secondary to diet, ASA, and/or other drugs
(38, 39). It is an in vitro quantitative
measurement of platelet activation that
requires whole blood collected in 3.2% sodium
citrate. Platelet Works also has limitations
that need to be addressed. There is a very
short time allowed — 10 minutes — between
sample collection and assay. Unacceptably
high false positive rate because of interference
by dietary substances such as chocolate and
red wine is also a disadvantage.

Aspirin Works is FDA-approved to detect
ASA-induced inhibition of Thromboxane
metabolites (40). It is an in vitro quantitative
measurement of aspirin induced inhibition
of TXA, generation. The assay requires 10
mL of freshly voided urine collected in a



Indian J Physiol Pharmacol 2007; 51(2)

preservative. The urine sample may be
frozen for assay later. The test, either a
radio-immunoassay (RIA) or an enzyme
immunoassay (ELA), measures levels of 11-
dihydro-thromboxane-B,, a relatively stable
breakdown product of TXA,. The assay
therefore indirectly measures in vivo activity
of TXA,. Reduced levels are interpreted as
due to ASA effect. There are 2 potential
limitations with the Aspirin Works assay.
The first is that reference ranges of RIA
assays differ from those of EIA assays.
Similar to tests for lipid levels, the method
for a particular patient should be the same
or the results may not be interpretable. The
second major possible limitation is that the
interpretation of results’ depends on a
demarcation of the quartiles. However,
patients whose results comprised the second,
third, and fourth quartiles appeared to be

different from patients in the control

population (40).

How to deal with “Aspirin Resistance’
Although several studies have

documented the presence of aspirin

resistance, it has been done using different
laboratory methods which do not correlate
and have not been standardized. Also the
patient population in the studies was
heterogenous which makes generalization of
the findings difficult. So at present the best
option to deal with aspirin resistance would
be to try to control the reversible factors
such as compliance, drug interactions, advice
smoking cessation, proper management of
co-morbidities and use of higher doses of
aspirin (325 mg) during an acute coronary
event and following coronary revascularization
procedures.
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However, in high risk patients with
documented aspirin resistance in whom the
reversible factors have already been
considered and corrected, the next suitable
option would be to wuse clopidogrel.
Clopidogrel has been shown to be as effective
as aspirin in coronary and cerebrovascular
diseases. The combination of both the
antiplatelet drugs has been shown to be more
effective than aspirin alone in these
conditions. However, the combination of
clopidogrel and aspirin is not significantly
more effective than aspirin alone in reducing
the rate of myocardial infarction, stroke, or
death from cardiovascular causes among
patients with stable cardiovascular disease
or multiple cardiovascular risk factors (41).
The efficacy of clopidogrel in patients with
aspirin resistance is unclear. The study by
Eikelboom et al showed that clopidogrel has
enhanced antiplatelet effect in patients whose
platelets are least inhibited by aspirin. The
responsiveness of platelets to thromboxane
was not reduced but the response to ADP
was markedly diminished, more so compared
to aspirin sensitive platelets (42). However
a study by Lev et al (43), which was done in
patients undergoing percutaneous coronary
intervention, to the contrary, showed
reduced efficacy of clopidogrel in aspirin
resistant patients, suggesting the occurrence

of dual drug resistance. In addition,
resistance to clopidogrel has also been
reported (44).

Thus, it appears that it would be
appropriate to prescribe aspirin to all

patients at high risk of cardiovascular
disorder until an accurate and inexpensive
lab method towards assessing ‘aspirin

resistance’ is devised.
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