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Antiplatelet agents are pivotal for prevention of coronary

artery disease and cerebrovascular disease worldwide. Individual

patient data meta-analysis indicates that low-dose aspirin

causes a 10% risk reduction in pre-eclampsia for women at

high individual risk. However, in the last 15 years it has

emerged that a significant proportion of aspirin-treated

individuals exhibit suboptimal platelet response, determined

biochemically and clinically, termed ‘aspirin non-responsiveness’,

‘aspirin resistance’ and ‘aspirin treatment failure’. More

recently, investigation of aspirin responsiveness has begun in

pregnant women. This review explores the history and clinical

relevance of ‘aspirin resistance’ applied to high-risk obstetric

populations.
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Introduction

Antiplatelet agents are pivotal in both primary and sec-

ondary prevention of coronary artery disease and cere-

brovascular disease worldwide (Table 1). In high-risk

pregnant women, low-dose aspirin (LDA) also confers a

10% risk reduction for pre-eclampsia and a 20% risk

reduction for fetal growth restriction.8,9 However, it has

been postulated that a significant proportion of individuals

exhibit suboptimal response to aspirin, defined biochemi-

cally as diminished suppression of platelet activation or

clinically as development of thrombotic events while on

treatment.10 This has been referred to interchangeably, as

‘aspirin non-responsiveness’, ‘aspirin resistance’ and

‘aspirin treatment failure’. Controversies remain regarding

the definition, optimal means of identification, and man-

agement strategy in affected individuals.11 Determination of

compliance with aspirin is likely to be of central impor-

tance to discriminate non-compliance from true subopti-

mal response and begin to explore causal mechanisms

including pharmacokinetic, pharmacodynamic and genetic

factors. Recently, the concept of ‘aspirin resistance’ has

been extended to high-risk obstetric populations where sus-

tained platelet activation despite LDA has been linked to

subsequent pre-eclampsia and/or fetal growth restriction.

This review explores the history and clinical relevance of

‘aspirin resistance’ and methods to assess platelet response

to aspirin with particular focus on pregnancy.

History of aspirin
Aspirin is one of the oldest medications still in widespread

modern use. The first records of aspirin-related com-

pounds, ‘salix’, derived from willow tree bark, were docu-

mented on papyrus scrolls used by Egyptian physicians in

1534 BC.12 The translation of this knowledge into modern

practice began in Oxford in 1758 when Reverend Edward

Stone consumed, and later successfully trialled willow tree

bark for relief of headaches, myalgia and fever.13 In 1971

Vale, Samuelson and Bergstrom were awarded the Nobel

Prize for elucidating the mechanism of action of aspirin,

and clinical research investigating the antiplatelet effects of

aspirin began.14,15 Although aspirin was initially used as an

analgesic and antipyretic, its antiplatelet effects mean it has

become one of the most frequently prescribed medications

worldwide, taken by more than 50 million people for pre-

vention of cardiovascular disease alone, with approximately
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40 000 tons administered annually. Aspirin’s broad clinical

effectiveness, cost-effectiveness and safety profile have led

to its inclusion in the WHO Essential Medicines list for

basic healthcare systems.16

Aspirin’s most frequently reported adverse effect is gas-

tric irritation. Enteric formulations do not appear to reduce

this effect but they have been associated with diminished

platelet effects and may reduce bioavailability.17 A system-

atic review published in 2014 supports the safety of aspirin

in pregnancy, particularly for women at high-risk of pre-

eclampsia, finding no increase in maternal or neonatal

bleeding complications.9

Mechanism of action of aspirin
Aspirin (acetylsalicylic acid) is a weak acid, with a white

crystalline appearance in its solid state. Acetylsalicylic acid

is produced by esterification of salicylic acid, catalysed by

sulphuric acid, with acetic acid also generated as a by-pro-

duct. Aspirin is administered orally and is readily absorbed

in the upper gastrointestinal tract with most platelet effects

occurring in the portal system.10

The principal pharmacological target of acetylsalicylic

acid is the platelet enzyme cyclooxygenase (COX), respon-

sible for producing prostaglandins which mediate pain and

induce platelet activation. COX is a membrane-bound gly-

coprotein with three isoforms (COX-1, COX-2, COX-3).

Acetylsalicylic acid selectively acetylates the serine residue

(Ser529), altering the enzyme structure and preventing

binding of arachidonic acid to the Tyr385 catalytic site.

The resultant inhibition of prostaglandin H-synthase pro-

duction leads to irreversible inhibition of COX-1 activity

and, to a lesser degree, inhibition of COX-2 activity (Fig-

ure 1).18,19 COX-1 inhibition by aspirin is rapid and sat-

urable at low doses. Peak plasma concentrations are

reached within 40 minutes, and demonstrable platelet inhi-

bition occurs within 1 hour of ingestion for non-enteric

coated formulations.18 In non-pregnant individuals, low-

dose aspirin (0.45 mg/kg, 60–150 mg) administered once

daily has been demonstrated to reduce serum thromboxane

B2 (TxB2, the stable serum metabolite of thromboxane A2)

by a minimum of 95% within 5 days of commencing treat-

ment.18–20 It is important to note that thromboxane A2 is

also produced in smaller quantities via COX-independent

pathways, and from non-platelet sources such as monocytes

and macrophages (Figure 1). These pathways have consid-

erable inter-connections.19 Following acetylsalicylic acid

exposure, COX-dependent generation of thromboxane A2

(TxA2) and TxA2-induced platelet aggregation remain

inhibited for the lifespan of the platelet. In the healthy

non-pregnant state the average platelet lifespan is 8–9 days.

Platelet response to aspirin
The concept of suboptimal platelet response to aspirin,

linked to recurrent cardiovascular and cerebrovascular

ischaemia and cardiovascular deaths,21 has become well-

established in cardiovascular and stroke research over the

last 20 years. Suboptimal platelet response is usually

defined as a biochemical failure to inhibit platelet activa-

tion in aspirin-treated individuals, assessed in the labora-

tory or with point-of-care tests. Suboptimal response to

aspirin has also been described clinically as recurrence of

ischaemic events despite aspirin treatment at the recom-

mended dose. However, there is currently no universally

accepted definition which unifies laboratory and clini-

cal findings. The reported prevalence ranges from 5 to

65%, varying with the assay used and the populations

Table 1. Clinical indications for aspirin therapy in medical and surgical specialities

Clinical area Clinical situation Dose Guideline

Cardiovascular disease Acute myocardial infarction 300 mg NICE1

Acute unstable angina 300 mg

Secondary prevention of myocardial infarction 75 mg NICE2

Atrial fibrillation, primary prevention of

myocardial infarction

75 mg

Cerebrovascular disease Acute ischaemic stroke 300 mg NICE3

Transient ischaemic attack 300 mg NICE4

Secondary prevention of stroke/transient

ischaemic attack

75 mg

Peripheral arterial disease Secondary prevention 75 mg NICE4

High-risk Pregnancy Antiphospholipid syndrome 75 mg from conception, combined

with low-molecular-weight heparin

RCOG5

High risk for pre-eclampsia 75 mg from 12 weeks NICE6

High risk for small-for-gestational-age infant Consider 75 mg <16 weeks if at high

risk for pre-eclampsia

RCOG7
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studied.22–26 Proposed underlying causes include drug

interactions and states of enhanced platelet turnover, such

as during the immediate postoperative period and in preg-

nancy. Genetic predisposition is also likely to be influential;

however, non-compliance is widespread in cardiology pop-

ulations represented in the literature and is likely to be a

key determinant.27,28

Tests of platelet response to aspirin

A range of platelet activation and function assays are avail-

able, but suffer from limited reproducibility and poor

agreement between assays. With appropriate dosing and

compliance, low-dose aspirin provides complete inhibition

of the COX-1 pathway, the primary target of aspirin, in

over 99% of individuals. Consequently, platelet function

assays that target the aspirin COX pathways demonstrate

lower inter-individual variability.

COX-specific assays include light transmission aggregrom-

etry (LTA) with arachidonic acid-induced platelet activation

(Figure 1). The method is based on detection of light that

passes through platelet-rich plasma containing aggregated

platelets. VerifyNow utilises the theory of LTA but allows

assessment using whole blood within a closed point-of-care

system. Additionally, the stable serum and urinary metabo-

lites of TxA2, TxB2 and 11-dehydrothromboxane B2 (11-

DTxB2), respectively, can be quantified (Figure 1).

In contrast, if platelet function assays rely on adenosine

diphosphate (ADP), collagen or epinephrine for platelet

activation, the assays are considered to assess non-COX-

dependent pathways (Figure 1). Non-COX-specific assays

include the PFA-100 System, a point-of-care system using

citrated whole blood. It measures the time taken for plate-

let aggregation to occlude a micro-aperture within colla-

gen/epinephrine or collagen/ADP-coated cartridges.

Thromboelastography (TEG) measures speed and strength

of clot formation as an indirect assessment of the contri-

bution of platelet aggregation to stable clot formation.

Bleeding time measurements provide an in vivo assessment

of time taken for blood to clot in a superficial linear fore-

arm wound. Platelet counts approximate the impact of

platelet activation, aggregation, sequestration and destruc-

tion on total circulating platelets. These assays demonstrate

a high degree of inter-individual variability; however, due

to the multiple pathways involved in platelet activation,

non-COX-specific assays may better reflect the global pla-

telet response and provide information about in vivo

milieu.

Figure 1. Platelet activation pathways and relevant assays.
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Literature review
We set out to identify all biochemical tests and definitions

used to define suboptimal platelet response to aspirin

across all clinical applications. We searched MEDLINE,

EMBASE and the Cochrane Library from 1957 to 26 Febru-

ary 2015, limited to humans and English language. The

search terms used were ‘aspirin’, ‘acetylsalicylic acid’

appearing adjacent to ‘resistance’, ‘non-responsiveness’,

‘treatment failure’ and ‘pseudoresistance’. All original arti-

cles were included; review articles were excluded. Addition-

ally, we excluded articles relating to studies where

participants received concomitant alternative antiplatelet

agents or anticoagulants. This search yielded 492 articles

after abstract and full text reviews (135) were included.

Tests and definitions
There is now a broad range of experience with platelet acti-

vation and function testing across speciality areas: healthy

individuals, cardiology, stroke, endocrinology, nephrology,

rheumatology, general medicine, general surgery, vascular

surgery, paediatrics and high-risk obstetrics (Supporting

Information Table S1). Our review identified 13 platelet

activation assays; the three most commonly used were PFA

100 collagen/epinephrine cartridges, LTA with arachidonic

acid induction and PFA-100 collagen/ADP cartridges (Fig-

ure 2, expanded information in Table S1). In the examined

literature, PFA-100 collagen/epinephrine cartridges were

associated with 33 different cut-offs, the commonest being

<165 seconds (Table S1). LTA had 19 proposed cut-offs,

the commonest being a mean aggregation of ≥20%. PFA

collagen/epinephrine cartridges had 12 different cut-offs,

the commonest being <114 seconds (Table S1). The major-

ity of studies refer to manufacturer’s cut-offs, or have con-

ducted in-house work to establish cut-offs from small

numbers of predominantly male volunteers. Subsequently,

there is limited applicability of these cut-offs to obstetric

populations.

In total, 88 different definitions of suboptimal platelet

response to aspirin have been described, the vast majority

utilising only laboratory-based parameters to delineate

responsiveness to aspirin. One study defined suboptimal

response clinically as the occurrence of myocardial infarc-

tion in patients with stable coronary artery disease while

on aspirin therapy.29 Another described a combined defini-

tion with laboratory assessment of 11-DTxB2 and ischae-

mic cardiovascular or cerebrovascular events.26 We

identified 24 studies where suboptimal response to aspirin

was linked to clinical outcomes: 14 in cardiology, 6 in

stroke patients, 1 in nephrology and 3 in obstetrics (Sup-

porting Information Table S2).

Obstetric studies were carried out in pregnant women at

high risk of pre-eclampsia, including two prospective

cohort studies, one case-control study and a dose escalation

study from groups in the UK, Canada and Poland

(Table S2).30–33 Two studies used PFA-100 collagen/epi-

nephrine cartridges, with diagnostic cut-offs determined

from the mixed adult population.31,32 One study utilised

11-DTxB2 with locally determined pregnancy-specific cut-

offs, and one study used the LTA method. In these high-

risk obstetric populations, suboptimal platelet response to

aspirin was identified in 29–39% of participants, and was

associated with increased pre-eclampsia, preterm birth and

delivery of small-for-gestational-age infants.31,32 Addition-

ally, Rey et al.31 assessed the impact of PFA-100 guided

aspirin dose escalation and determined that women requir-

ing escalation had a higher risk of pre-eclampsia (11/43,

25.6% versus 6/68, 8.8%; P = 0.03).

Non-compliance testing

To assess the clinical impact of suboptimal platelet

response to aspirin, it is vital that true non-responsiveness

can be distinguished from non-compliance. In cardiovascu-

lar research, patient non-compliance with medication is
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Figure 2. Platelet activation and function tests with number of reported cut-offs.

1484 ª 2016 The Authors. BJOG An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

Navaratnam et al.



reported to be widespread at 30–50%.10 The existing litera-

ture demonstrates that there is no consensus on robust

assessment of compliance (Figure 3, expanded information

in Supporting Information Table S3). Where researchers

have endeavoured to quantify the impact of non-compli-

ance, most have relied on qualitiatiive measures including

patient enquiries, questionnaires and drug diaries, which

are likely to underestimate the true scale. In our review, 5/

87 (6%) relied on assessment of serum or urinary throm-

boxane, both considered to be measures of platelet activa-

tion (Table S3). However, elevated TxB2 and 11-DTxB2

may be secondary to non-platelet sources and therefore not

a specific reflection of platelet COX inhibition by aspirin.

Importantly, only 2/87 (2%) of studies measured salicylate

levels, both in patients taking aspirin for cardiovascular dis-

ease prevention (Table S3). Three of four obstetric studies

considered the issue of compliance and undertook verbal

enquiries at study visits.31–33 Biochemical assessment of

aspirin metabolites has not been assessed in pregnant pop-

ulations.

Causal mechanisms for suboptimal
response to aspirin with adequate
compliance

Where compliance is confirmed, the remainder of individu-

als with persistent suboptimal suppression of platelet acti-

vation are likely to represent a heterogeneous group with

interacting physiological, pharmacokinetic and pharmaco-

dynamic factors.

In healthy adults, 10% of circulating platelet numbers are

replaced with aspirin-na€ıve platelets daily. It has been

accepted that acetylsalicylic acid irreversibly inhibits COX-1

in exposed platelets and with regular dosing, adequate global

inhibition of platelet COX activity is maintained. Interest-

ingly, recent work has demonstrated mRNA sequence coding

for COX-1 within platelets, raising a possibility that genera-

tion of new COX-1, following inhibition of the native

enzyme, may circumvent the antiplatelet action of aspirin.

Patients may be insufficiently treated with aspirin for a

variety of reasons, including problems with total dose,

inappropriate dosing intervals or dose delivery issues.

Enteric coated aspirin in particular has been implicated in

suboptimal suppression of platelet activation, as demon-

strated by laboratory tests.17 It is now clear that low-dose

aspirin is as effective as high-dose aspirin for secondary

prevention of ischaemic cardiovascular and cerebrovascular

events.34 However, there remain limitations in dose selec-

tion due to the range of low doses currently manufactured

(60–150 mg). The standard low (75 mg) daily dose recom-

mended by NICE is more than double the dose required to

maintain complete COX-1 inhibition in non-pregnant indi-

viduals, although there has been no assessment of platelet

effects of this dose in pregnancy.35

Once-daily dosing has become standard practice, as the

effects of aspirin are dependent on the rate of platelet turn-

over as opposed to the half-life,36 but incomplete mainte-

nance of COX-1 suppression with once-daily doses has

been described in association with increased platelet turn-

over in diabetes, obesity and postoperative states.37,38

Daily low doses of aspirin irreversibly inhibit COX-1

activity in platelets and impact COX-1 in megakaryocyte

precursors, an effect which diminishes with accelerated

platelet maturation.36 This is of particular relevance for

obstetric populations where platelets are continually

sequestered by the placenta, balanced by an increase in

platelet production and release from bone marrow, result-

ing in an increase in circulating immature platelets, which

are pre-disposed to aggregate at lower levels of stimuli.

Additionally, endothelial dysfunction in pregnancies

affected by pre-eclampsia leads to pathologically increased

platelet activation and destruction, which may outstrip the

ability of the bone marrow to compensate, leading to

thrombocytopaenia.
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Figure 3. Methods of aspirin compliance assessment.

1485ª 2016 The Authors. BJOG An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

How important is aspirin resistance in pregnancy?



Circadian timing of aspirin doses may also be of signifi-

cance. Recently, evening dosing has been associated with

beneficial effects on ambulatory blood pressure and

decreased hazard ratios of a composite of serious adverse

events in high-risk pregnant populations.39,40

Pharmacogenetics

Inter-individual variability in response to aspirin is

affected by clinical, environmental and genetic factors, the

latter of which have been targeted for investigation in

recent years. Initial attempts to identify genetic determi-

nants of suboptimal platelet response to aspirin in non-

obstetric populations were afflicted by poor reproducibil-

ity in underpowered candidate gene studies. However,

recent large studies have combined candidate gene and

genome-wide association study (GWAS) approaches and

have described important genetic determinants that map

with platelet function.41 These include loci associated with

native platelet function in the following genes; PEAR1,

SHH, MRVII, ADRA2A and GP6. Additionally, gene

expression analysis has been used to identify >60 genes

described as the ‘aspirin response signature’.42 The experi-

ence and recent developments in the pharmacogenetics of

aspirin provide a promising start for GWAS in high-risk

obstetrics.

Implications for research in obstetrics

It is vital that true suboptimal response to aspirin is distin-

guished from aspirin non-compliance. We firmly believe

that compliance testing should be based on detection and

quantification of aspirin metabolites from maternal blood

or urine.

A suboptimal response to aspirin in compliant patients

does not currently have a uniform definition, nor has an

adequately sensitive, specific diagnostic test emerged and

this should be prioritised. Tests aligned to the COX path-

way are likely to be of greatest clinical utility, particularly if

point-of-care use is feasible.

Platelet activation should be measured against preg-

nancy-specific reference ranges, and if suboptimal response

is identified, its clinical significance must be judged in light

of clinically important outcomes.

Accurate and user-friendly stratification of pregnant

women according to response to aspirin and compliance

should encourage interventional studies of new treatments

with alternative targets within platelet activation pathways

or the coagulation cascade.8 For genuine non-responders

to standard LDA, randomised comparisons with aspirin

dose escalation and low-molecular-weight heparin should

be carried out. The outcomes of interest should not be

restricted to platelet response to aspirin, but also include

placentally mediated adverse outcomes (pre-eclampsia,

IUGR, placental abruption and stillbirths). Heterogeneity

in response to aspirin due to genetic factors has not yet

been investigated in pregnancy and may provide a

unique, early and discriminative means of risk stratifica-

tion.

The pathophysiology of pre-eclampsia remains incom-

pletely elucidated and increased understanding of its evolu-

tion is likely to be key in guiding screening and

interventional approaches. Further investigation of platelet

response to LDA in high-risk pregnant women may pro-

vide fresh insight into the relatively modest risk reduction

in placentally mediated disease observed with current ther-

apy. If women with suboptimal response to aspirin experi-

ence more adverse clinical events, this may prove not only

an important research area for preventative therapy but a

valuable opportunity to stratify maternal and fetal surveil-

lance in the near future. With current debates regarding

the potential utility and cost-effectiveness of no test/treat

all approaches to pre-eclampsia prevention, the acceptabil-

ity of such approaches to women and compliance with

aspirin will be key issues.43,44 Additionally, recent signals

of increased risk of placental abruption will need to be rig-

orously assessed.9
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