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ABSTRACT

Recently there has been great interest regarding aspirin
resistance in both the scientific and lay media, yet it has
proven to be a nebulous concept. The lack of an
approved assay makes it difficult to agree on a definition
of aspirin resistance. Not only can we not define aspirin
resistance, we cannot identify the cause. There are three
types of aspirin non-response: treatment failure, and
pharmacokinetic and pharmacodynamic resistance.
Treatment failure is when a clinical event occurs despite
aspirin therapy and is due to a COX-independent process.
Pharmacokinetic resistance occurs when the patient
does not receive adequate exposure to the drug and is

due to many factors including non-compliance,
inadequate dosing, poor bioavailability of some
preparations, and drug interaction with NSAID’s.

Pharmacodynamic resistance is defined as not being
treatment failure or pharmacokinetic resistance and is
the only true aspirin resistance. However, it would
appear to be rare and to have multiple causes that may
be patient-dependent. Whatever its cause or how it is
identified, aspirin non-response is associated with poor
outcome. This paper reviews the types of aspirin non-
response, the methods for detection, the causes of
aspirin non-response, and the clinical consequences.

Key words

Acetylsalicylic acid; Mechanism of action; Treatment
failure

RESUME

Ces derniers temps la communauté scientifique et les
média s’intéressent beaucoup a la résistance a
I’aspirine, un concept qui reste fort nébuleux. L’absence
de méthode d’analyse approuvée fait qu’il est difficile de

se mettre d’accord tant sur la définition-méme de
résistance a l'aspirine que sur son origine. Il y a trois
types de non-réponse a I'aspirine : I'’échec du traitement,
et la résistance soit pharmacocinétique soit
pharmacodynamique. L’échec du traitement survient
lorsque I'événement clinique est COX-indépendant. La
résistance pharmacocinétique survient lorsque
I'exposition a I’aspirine est inadéquate, ou faisant suite a
une non-compliance, une posologie inadéquate, une
mauvaise biodisponibilité de la formulation utilisée ou
une interaction avec un AINS. La résistance
pharmacodynamique, définie comme n’étant ni un échec
du traitement ni une résistance pharmacocinétique,
constitue la véritable résistance a I'aspirine. C’est une
condition rare dont les causes sont multiples, voire
dépendantes du sujet. Quelles qu’en soient la cause et
son mode d’identification, la non-réponse a I'aspirine
aboutit a un mauvais résultat. Cet article revoit les types
de non-réponse a I’aspirine, leurs méthodes de détection,
leur origine et les conséquences cliniques.

Mots clés

Acide acétylsalicylique; Mécanisme d’action; Echec du
traitement

RESUMEN

Recientemente, la resistencia a la aspirina ha
despertado un gran interés tanto en los medios
cientificos como en el piiblico en general. Sin embargo,
continiia siendo un tema poco claro. La falta de una
prueba aprobada dificulta la definicion de resistencia a
la aspirina. No existe hasta el momento una definicion
clara de este problema, y sus causas permanecen
desconocidas. Existen tres tipos de falta de respuesta a
la aspirina: falla al tratamiento, resistencia
farmacocinética, y resistencia farmacodinamica. La falla
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al tratamiento es cuando ocurre un evento clinico a
pesar de estar bajo tratamiento con aspirina, debido a un
proceso COX-independiente. La resistencia
farmacocinética ocurre cuando el paciente no recibe una
exposicion adecuada al medicamento debido a varios
posibles factores: pobre apego al tratamiento,
dosificacion inadecuada, baja biodisponibilidad de
algunas formulaciones, e interaccion medicamentosa
con AINES. La resistencia farmacodinamica se define
cuando las otras dos alternativas han sido descartadas, y
se considera como la verdadera resistencia a la aspirina.
Sin embargo, parece ser una situacion rara y tener
multiples causas dependientes del propio paciente.
Cualquiera que sea la causa, o como sea identificada, la
falta de respuesta a la aspirina esta asociada a un pobre
desenlace. Este articulo revisa los tipos de falta de
respuesta a la aspirina, los métodos para la deteccion,
las causas, y las consecuencias clinicas.

Palabras clave

Acido acetilsalicilico; Mecanismo de accion; Falla al
tratamiento

INTRODUCTION

In recent years there has been a lot of interest in
the controversial concept of aspirin resistance [1]
[2] [3] [4]- There is much confusion surrounding this
topic: What is it? How to detect it? Is it clinically
relevant? How should it be managed? Does it
exist? The debate has been polarised by
commercial interests with a number of key
academic supporters for aspirin resistance being
funded by manufacturers of devices for detecting
aspirin resistance and those opposed being funded
by pharmaceutical companies [5]. However, the
International Society on Thrombosis and
Haemostasis (ISTH) recommendations are that
patients should not be screened for aspirin
resistance and their treatment should not be
altered based on the results of screening [6].

MECHANISM OF ACTION OF ASPIRIN

Before considering the concept of aspirin
resistance it is worth briefly reviewing its
mechanism of action. Aspirin (or at least aspirin-
containing plant extracts) is one of the oldest
drugs in use today as its abilities to treat fever and
inflammation were known to the ancient Greeks.
As a relatively simple molecule (acetylsalicylic
acid) it was one of the first modern drugs to be
synthesized, in 1853. Aspirin developed a new
lease of life when its ability to reduce the risk of
heart attacks was realized in the 1980’s [7]. This
discovery was a combination of two factors: the
known ability of aspirin to cause bleeding due to its
actions on platelets [8] and the role of platelet-rich
clots in causing heart attacks [9].
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The elucidation of the molecular basis for the
action of aspirin is relatively recent and only
occurred after the discovery of prostaglandins.
Cyclooxygenase (COX) plays an essential role in the
production of prostaglandins (PG) as it converts
arachidonic acid to PGH2. Downstream processing
of PGH2 by a series of cell-specific enzymes, such
as thromboxane synthase, convert PGH2 into a
range of prostaglandins and derivatives. Aspirin
acts to inhibit COX thus preventing the synthesis of
all prostaglandins. Aspirin is an irreversible
inhibitor of COX and acts by acetylating Ser530
which is an essential residue in the activity of COX
[10].

More recently two isoforms of COX have been
identified, designated COX 1 and COX 2. Generally
COX 1 is constitutive while COX 2 is inducible and
aspirin is more potent at inhibiting COX 1 [11]. The
cardiovascular effects of aspirin are primarily due
to inhibition of COX 1 in platelets. Gastric
ulceration is the most significant adverse effect of
aspirin and is due to inhibition of COX 1 in the
stomach where it is responsible for the secretion of
the protective mucosal layer [12].

Low-dose aspirin therapy has become a key
strategy to prevent the gastric ulceration due to
aspirin use [13]. This utilizes a unique property of
platelets - they do not have a nucleus. Thus, a low-
dose of aspirin will partially inhibit COX in all cells.
However, cells will generate new COX ensuring that
there is sufficient COX to maintain activity.
However, as platelets have no nucleus they cannot
re-generate COX and within a few days all COX is
fully inhibited for the life of the platelet (10 days)
[14]. This was confirmed in a large meta-analysis
which showed that low-dose aspirin was as
effective as high-dose aspirin in preventing
cardiovascular events [15] [16]. This analysis
identified 75 mg aspirin as the lowest effective
dose of aspirin. In comparison, aspirin is used at
325 mg as an anti-inflammatory agent. While there
is no doubt about the effectiveness of aspirin in the
treatment of cardiovascular disease (CVD), there is
still only a partial response to aspirin with a 25%
reduction in events [15]. However, this is not
unique to aspirin as it also true for a number of
other treatments and reflects the fact that CVD is a
complex multi-factorial disease [17].

ASPIRIN RESISTANCE

The term aspirin resistance has also caused much
confusion and its appropriateness in this context
has been questioned. The term resistance is
usually associated with the treatment of infectious
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diseases. It specifically refers to an organism that
usually is susceptible to an antibiotic but has
acquired, either through genetic manipulation or
natural selection, the ability to grow despite the
presence of the antibiotic. It is not used when the
organism inherently has no sensitivity to an
antibiotic. It can be identified either in vitro by
culturing the organism in the laboratory or the
persistence of the infection in a treated patient.
The in vitro results are directly related to the
clinical outcome. Thus, the use of the term aspirin
resistance implies that either an event has
occurred in a patient treated with aspirin or an in
vitro test has failed to detect a response to aspirin.

The term aspirin resistance is used differently by
clinicians and pharmacologists. Clinicians use the
term aspirin resistance when an aspirin-treated
patient develops a cardiovascular event while
pharmacologists consider a patient to be resistant
when an in vitro test fails to detect the effects of
aspirin. However, these two uses of the term
‘aspirin resistance’ are not synonymous. Unlike the
scenario with antibiotics, there is a disconnection
between the clinical situation and the in vitro tests.
Since there is only a 25% reduction in events in
patients treated with aspirin, 75% of patients will
continue to have events despite aspirin treatment
[15] [16]- There are two possible reasons for this:
either 75% of the population are aspirin resistant or
CVD is a complex disorder and in only 25% of cases
is COX-mediated platelet activation a significant
factor. Based on evidence of a clinical event alone
it is impossible to determine if patient is resistant
or has COX-independent pathology. However, from
experience with other CVD drugs, it is likely that
many patients have complex pathology rather than
resistance to aspirin. While it is possible that some
patients may be resistant to aspirin, with a
background failure rate of 75%, it is difficult to
detect these cases. Thus, in the absence of specific
evidence that a treated patient is resistant to
aspirin they should be designated treatment
failures. In contrast, in patients with an infection
the pathology is simple — it is caused by the
bacterium and if not resistant the antibiotic will
work 100% of times.

One important cause of treatment failure is poor
compliance [18] [19], with compliance estimated
to be around 65% in the CVD population [20] [21].
Aspirin can only work if patients follow their dosing
regimen, but it is difficult to confirm compliance as
patients will often either not admit to non-
compliance or cannot remember taking their
medication. There are a number of reasons for poor
compliance with aspirin including gastric
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disturbance and the large number of medications
that CVD patients are likely to be taking. A lack of
understanding of the importance of aspirin by
patients may also be a factor as patients may feel
that it is only aspirin and not important to take.
Thus, it can be very difficult to distinguish between
non-compliance and aspirin resistance.

Pharmacokinetic resistance

One type of aspirin non-response is known as
pharmacokinetic resistance [22]. It is due to failure
to achieve adequate plasma levels of aspirin often
resulting from poor absorption of aspirin. This may
be a problem with enteric-coated aspirin where the
formulation is designed to prevent release of the
drug into the stomach to prevent gastric irritation
[23] [24], although other studies have shown no
effect of enteric coating [25]. However, as an acid,
aspirin is absorbed better at the low pH of the
stomach and this can result in poor absorption of
aspirin. Equally the use of proton pump inhibitors
to prevent gastric irritation may act to reduce
aspirin absorption [26]. There is also evidence that
the 75 mg dose currently used may be too low for a
one-size-fits-all dose as poor response to aspirin
has been associated with increased size (both BMI
and weight) [23] [24] [27]. This type of resistance is
likely to be overcome by a change in formulation
[24] or an increase in dose [28]. It is worth noting
that this phenomenon occurs with most drugs. The
population response to any drug is a bell-shaped
curve. Thus, there will always be a small number of
patients who show a weak response to a drug and
an equal number who show a strong response. This
is a particularly noticeable when only a single dose
is used and if this dose is low to prevent
toxicity.Another form of pharmacokinetic
resistance is due to competition with NSAID’s.
NSAID’s are reversible COX inhibitors which
presence at the time of taking aspirin prevents
aspirin from gaining access to its binding site.
Clinical studies of patients on NSAID’s have
supported this [29] [30].

DIAGNOSTIC TESTS

Aspirin assay

To determine if aspirin non-response is due to
treatment failure or aspirin resistance it is
necessary to measure its actions on the patient.
This distinguishes the failure of aspirin to prevent
an event from the lack of response to aspirin. There
are two types of assays for aspirin - COX-specific
assays and global assays of platelet function, and
much of the controversy surrounding aspirin
resistance is related to the choice of assay. In
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particular the assays do not agree with each other
and thus a patient may show aspirin resistance
with one assay but not another assay [31]. There is
also the issue of what constitutes resistance: is
there a threshold in the assay above/below which
we can identify resistance or is there a target
percentage inhibition that we should aim for and, if
so, what is that? In light transmission
aggregometry resistance is typically defined as
>20% aggregation in response to arachidonic acid
or >70% aggregation in response to low dose ADP
[32]. For serum thromboxane, resistance is usually
defined as being >10 ng mL? [33] while some
studies have chosen not to use a threshold but to
treat it as a continuous variable [34]. Another
approach is to divide the patient population into
quartiles and use the wupper quartile of
thromboxane to identify the resistant population
[35]. However, this is not practical for identifying
aspirin resistant patients outside of a clinical trial.
Proprietary assays such as PFA-100 and VerifyNow
have their own pre-defined threshold values. Other
studies have suggested that 95% inhibition of
platelet function is required [13] [36] which can
only be effective if baseline values have been
obtained.

COX-specific assays

These assays focus on the conversion of
arachidonic acid to thromboxane by COX and
thromboxane synthase. The method that is
identified as being the ‘gold standard’ for detecting
aspirin resistance is arachidonic acid-induced
platelet aggregation as it was the first assay to be
introduced [37], and as a result it is the one that all
others must be compared with. The advantages of
using arachidonic acid are that it by-passes
outside-in signaling and directly provides the
substrate for COX and its actions are completely
inhibited by aspirin [38]. A version of this assay has
been commercialized as the point-of-care device
‘VerifyNow’ [39] which offers the advantage of
rapid assessment of arachidonic acid-induced
platelet aggregation in a whole blood setting using
a cartridge-based system.The other COX-specific
assay is direct measurement of thromboxane B:
(metabolite of thromboxane A:) levels as this is a
direct reflection of COX activity in platelets [35].
Usually serum thromboxane is measured by ELISA
[40]. Though this is a good indicator of platelet COX
activity, small amounts of non-platelet COX are
also present in the blood (especially COX 2) which
will not be inhibited by low-dose aspirin [41].
Urinary thromboxane levels can also be measured
[42] [43] [44] and this is available as a commercial
assay ‘AspirinWorks’ [45]. While this has the
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advantage of providing a direct measure of platelet
activation in vivo, it is affected by significant non-
platelet sources of thromboxane [41] and by the
low levels of thromboxane present in the urine.
Thromboxane levels can also be measured in the
samples post arachidonic acid-induced platelet
aggregation [23]. This is also known as
supernatant or platelet thromboxane and has the
advantage that it is very sensitive as a large excess
of substrate is provided and thus the only rate-
limiting step is the availability of free COX.
Additionally, it is very specific for platelet COX as a
pure platelet preparation is used.

Global platelet function assays

Low-dose ADP or collagen induces platelet
aggregation in a COX-dependent manner, while
higher doses are COX-independent [46]. They are
often used as agonists in platelet aggregation,
however they require the pre-treatment threshold
agonist concentration to be determined if they are
to be used in detecting aspirin resistance as there
is significant variability between individuals. Thus,
in many cases where low-dose ADP/collagen have
been used as the agonists for platelet aggregation
the observation of aspirin resistance could easily
have been due to increased sensitivity to the
agonists.

One of the first assays used to define aspirin
resistance was the PFA-100 [32] which is a
cartridge-based device that uses whole blood. A
hole is pierced in a membrane that is impregnated
with agonists (epinephrine and collagen) and blood
is forced through under high shear [47]. This has
the advantage of closely reflecting in vivo
conditions; however, it is not very sensitive to
aspirin [48]. PFA-100 is best described as a global
platelet function assay. It gives a good picture of
platelet function but this is influenced by many
factors other than thromboxane production [49]
[50], especially von Willebrand factor levels [51].

There are many different assays of platelet function
which should make defining aspirin resistance
easy. This is not the case, however, as the assays
do not agree with each other [31] [32] [42] [43],
although the closer they are to being a COX-
specific assay the closer the agreement. The
concept of a threshold is also problematic as there
is a paucity of data to support specific thresholds.
Thus, greater than 20% aggregation in response to
arachidonic acid is often used as a threshold to
define aspirin resistance [32].
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However, this means that a 19% response is
sensitive and a 21% response is resistant and yet
these two readings would be within the variation
expected in platelet aggregation. Since the assays
do not agree should we add more weight to specific
assays and, if so, which ones?

CAUSES OF ASPIRIN RESISTANCE

There are a number of mechanisms implicated in
failure to obtain an adequate response to aspirin.
The first is lack of compliance which can be
difficult to eliminate although there is evidence to
suggest that pharmacist-led interventions can
greatly improve compliance [20]. In some patients
aspirin is not properly absorbed and this has been
termed pharmacokinetic resistance [22] and
seems to be related to enteric coating [23] [24]. A
related phenomenon is under-dosing. Poor
response to aspirin has been associated with
heavier patients and it is likely that 75 mg aspirin
(especially if enteric coated) may be too low to suit
all patients [23] [24] [27].

While earlier studies showed this to be an effective
dose the weight of the patient population has
significantly increased since these studies were
performed and the one-dose-fits-all model may
need to be revised in light of this.

Aspirin resistance that is not due to poor
absorption is often termed pharmacodynamic
resistance [22]. This occurs where aspirin is
present at a concentration that would be expected
to inhibit platelet function but there is incomplete
inhibition. However, it is difficult to determine if
aspirin is actually present as it is relatively
unstable and has a short half-life. While some
researchers have measured the levels of salicylate
[28], the metabolite of aspirin formed after
acetylation of the enzyme, it cannot be assumed
that this is a true reflection of the levels of
acetylsalicylic acid at the active site of the enzyme
as breakdown can occur in the gut and other
tissues. In some studies sensitivity to exogenous
aspirin added ex vivo allowed the determination of
the sensitivity to aspirin [33]. A proposed
mechanism for aspirin resistance is a potential role
for COX 2 in thrombosis. While platelets primarily
use COX 1 there is evidence to support the
presence of COX 2 in platelets [52]. This appears to
primarily occur during periods of rapid platelet
turnover such as post-surgery [33]. COX 2 will not
be inhibited by aspirin and will produce PGH:
providing thromboxane synthase with substrate. A
related phenomenon is the production of PGH2 by
COX 2 in monocytes. This can be secreted and
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subsequently taken up by platelets leading to
thromboxane production [41]. There are also
suggestions that COX 1-independent pathways for
eicosanoid synthesis exist [53] [54] [55].Another
proposed mechanism of pharmacodynamic
resistance is genetic polymorphisms in COX or
other associated genes such as COX 1 [56] [57]
[58], GPlib/Illa [59] [60], and TLR4 [61]. In healthy
Japanese volunteers aspirin was found to be less
effective for volunteers with SNP’s in TXA2 receptor
and GPlbo [62]. However, there is no consensus on
which genes, if any, are important.Aspirin
resistance has been associated with hyper-reactive
platelets [63] and was associated with increased
levels of reticulated platelets [64] [65]. Increased
oxidant stress has also been implicated [66].

There can also be assay-specific artifacts that may
be mistaken for aspirin resistance. Residual
arachidonic acid-induced platelet aggregation has
been shown to be independent of COX [33] [42]
[67] which cannot be aspirin resistance since
aspirin is known to act by inhibiting COX.There is
evidence that the prevalence of aspirin resistance
is influenced by the nature of the patient’s
ilinesses. Thus, aspirin resistance is more prevalent
in diabetics [68] and patients with systemic lupus
erythematosus [69]. Aspirin resistance was also
found to be prevalent in patients following coronary
artery by-pass surgery [52]. It was also increased in
patients with endothelial dysfunction [70].

CLINICAL IMPLICATIONS

The incidence of aspirin resistance has been
estimated to be as high as 25% depending on the
definition used [71] [72]. Aspirin resistance has
been shown to be associated with worse outcome
than with responders [35] [73] [74]. Recent meta-
analyses found a three-fold increase in adverse
events for patients with residual platelet activity on
aspirin and this was independent of the assay used
[74] [75].

Screening for aspirin resistance

There are a number requirements for performing
any screening — a reliable assay, alternative
treatment options based on the results of the
assay, a significant incidence and impact on public
health. Even if there is lack of agreement between
them, there is no shortage of assays for aspirin
resistance. There is also alternative treatment,
primarily clopidogrel [76]. The incidence of
resistance is also relatively high and is probably at
least 10% depending on the assay. The impact on
public health is significant as well due to the high
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incidence of death and MI in aspirin resistant
patients [35] [73] [74]. So why have the ISTH
recommended that screening for aspirin resistance
should not happen [6]?

One of the reasons given for not screening for
aspirin resistance is the lack of evidence to
support a particular assay. This is seen as a
problem due to the lack of agreement between
assays and the commercial interests behind the
assays. However, serum thromboxane is an assay
that could easily be adopted as it is a direct
measurement of COX activity and it is a non-
proprietary assay. In our hands, 75 mg plain aspirin
causes at least 98% inhibition of serum
thromboxane production in healthy volunteers [24].
An aspirin-treated patient with less than this level
of inhibition should be further investigated. Some
assays do not agree with the serum thromboxane
result but that does not mean that they are wrong
as in many cases they are measuring different
things. Thus, lack of inhibition in the PFA-100 may
not necessarily be due to aspirin resistance but
could reflect enhanced platelet reactivity which
may have significant clinical implications itself.
Screening is also beneficial as it will identify
patients who are non-compliant. This provides an
opportunity for doctors to interact with their
patients and discuss their medication and the
importance of taking all of their tablets. This type
of intervention has been shown to be effective at
improving compliance in patients [21]. Since the
patient is to be prescribed aspirin for life it is not
unreasonable that at some point it is confirmed
that the patient is compliant and that the aspirin is
achieving its expected pharmacological effect.

CONCLUSIONS

Is aspirin resistance a real, clinically significant
phenomenon? The answer depends on how we
define aspirin resistance. Clinically, treatment
failure is usually due to non-COX-dependent
processes and not aspirin resistance. Aspirin
resistance can only be defined by an appropriate
laboratory assay but it is essential to rule out non-
compliance, interaction with NSAIDs, under-dosing
and non-COX-1 mediated processes. It is likely that
when all of these factors are taken into account
few patients will be aspirin resistant. Whatever its
cause, aspirin non-response is clearly a significant
problem with poor outcome for patients. Screening
patients for non-response can identify problems
such as compliance and dosing, which can easily
be addressed, or identify patients that may be
candidates for alternative therapy such as
clopidogrel.
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