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Abstract Aspirin is currently the most widely prescribed

treatment in the prevention of cardiovascular complications.

The indications for the use of aspirin during pregnancy are,

however, the subject of much controversy. Since the first

evidence of the obstetric efficacy of aspirin in 1985,

numerous studies have tried to determine the effect of low-

dose aspirin on the incidence of preeclampsia, with very

controversial results. Large meta-analyses including indi-

vidual patient data have demonstrated that aspirin is effec-

tive in preventing preeclampsia in high-risk patients, mainly

those with a history of preeclampsia. However, guidelines

regarding the usage of aspirin to prevent preeclampsia differ

considerably from one country to another. Screening

modalities, target population, and aspirin dosage are still a

matter of debate. In this review, we report the pharmaco-

dynamics of aspirin, its main effects according to dosage and

gestational age, and the evidence-based indications for pri-

mary and secondary prevention of preeclampsia.

Key points

Indications for aspirin during pregnancy are a great

matter of debate and there is a recent trend to a wide

prescription of aspirin in pregnancy.

Aspirin is effective in secondary prevention of

preeclampsia mainly in patients with a history of

preeclampsia.

The efficacy of aspirin in patients at high risk of

preeclampsia, but without previous hypertensive

disorder of pregnancy, is controversial.

Aspirin efficacy for the prevention of preeclampsia is

dose-dependent, but the optimum dosage, 75 mg/day

to 150 mg/day, needs to be determined. Safety data

at 150 mg/day are still limited.

Aspirin, in primary prevention of preeclampsia,

given to high-risk patients identified in the first

trimester by screening tests, seems to reduce the

occurrence of early-onset preeclampsia. However,

there are insufficient data for the implementation of

such screening procedures in practice.

1 Introduction

Aspirin is currently the most widely prescribed treatment in

the prevention of cardiovascular complications [1]. At low

doses, aspirin is also widely used to prevent pregnancy-

related vascular disorders, such as preeclampsia and

intrauterine growth restriction, and maternal disorders like

antiphospholipid syndrome. The indications for the use of
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3 Assistance Publique-Hôpital de Paris, Department of

Obstetrics and Gynecology, Port-Royal Maternity, University

Hospital Center Cochin Broca Hôtel Dieu, Groupe

Hospitalier Universitaire Ouest, 53, Avenue de

l’Observatoire, 75014 Paris, France
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aspirin during pregnancy are, however, the subject of much

controversy. Proof of its efficacy is not established in a

good number of these indications, yet it is being prescribed

in an ever-increasing proportion of pregnant women [2].

Preeclampsia is a multisystem disorder of pregnancy that

is usually defined as hypertension and proteinuria diagnosed

after 20 weeks of gestation. Hypertension in pregnancy is

defined as a systolic blood pressure of 140 mmHg or more

and a diastolic blood pressure of 90 mmHg or more in two

separate measurements at least 4–6 h apart. However, cor-

rect measurement of blood pressure is indispensable in

diagnosing hypertension [3]. There is currently no official

role of ambulatory blood pressure measurement in the

diagnosis of hypertensive pregnancy disorders [4].

Preeclampsia may be difficult to diagnose, especially in

patients with chronic diseases associated with hypertension

or proteinuria. Preeclampsia can lead to liver and kidney

failure, seizures (eclampsia), and abnormalities of the clot-

ting system [5]. Since 2013, the traditional definition has

been reviewed and, in the absence of proteinuria, it is

specified that preeclampsia may be diagnosed as hyperten-

sion in association with recent onset of thrombocytopenia,

impaired liver function, renal insufficiency, pulmonary

edema, or new-onset cerebral or visual disturbances [6]. This

wide definition has introduced more inconsistency in the

way preeclampsia is diagnosed in clinical practice.

Preeclampsia occurs in 1–8% of pregnant women [5], a

range of prevalence related to variability in the risk factors

of pregnant women from one country to another. In Europe,

preeclampsia affects 1% of the general population, including

1.5% of nulliparas [7]. Although its prevalence is low,

preeclampsia causes substantial maternal and perinatal

morbidity, is the second cause of maternal mortality

worldwide [8], and is one of the five leading causes of

maternal mortality in the developed world [9]. Apart from

delivery, there is no effective treatment for preeclampsia,

making primary and secondary prevention of preeclampsia a

major public health issue.

For over 30 years, the role of aspirin in the primary or

secondary prevention of preeclampsia has been the subject

of numerous studies and great controversy. The indications

for aspirin, its dosage, and gestational age at the start of

aspirin treatment are still debated. Our aim here was to

provide an update on the modes of action of aspirin and on

its indications in the prevention of preeclampsia.

2 Pharmacology of Aspirin

2.1 History

Around 460 BC, Hippocrates recommended herbal tea

made from the leaves of the white willow (Salix alba) to

alleviate pain and fever. Much later, in 1829, French

pharmacist Pierre Joseph Leroux obtained crystals of sali-

cin after boiling the powdered bark of white willow. In

1842, Raffaele Piria performed the first synthesis of sali-

cylic acid from salicin, a little before Hermann Kolbe

prepared salicylic acid from sodium phenate and carbon

dioxide. In 1953, Charles Gerhardt was the first to isolate

acetylsalicylic acid, and, in 1971, John Vane discovered its

mechanism of action, work for which he won the 1982

Nobel Prize in Physiology of Medicine [10, 11]. Later

research showed that aspirin works by inhibiting

cyclooxygenase, the enzyme responsible for converting

arachidonic acid into prostaglandins [12].

2.2 Synthesis and Principal Effects

of Prostaglandins

Prostaglandins are lipid-soluble molecules synthesized

from arachidonic acid, a 20-carbon chain fatty acid, by the

action of cyclooxygenase (COX) [13]. The first step

involves the release of arachidonic acid from cellular

stocks. Arachidonic acid is not free, but is acetylated to the

phospholipid membrane. The best-known release pathway

is that of phospholipase A2 in its cytoplasmic or calcium-

dependent form. Another signaling pathway involving

phospholipase C cleaves inositol triphosphate, thus

releasing diacylglycerol, which is hydrolyzed into

monoacylglycerol before being released as arachidonic

acid and glycerol [14].

Once free inside the cell, arachidonic acid is metabolized

into eicosanoids. First, COX converts arachidonic acid into

prostaglandin G2 via an oxygenase reaction, and then into

prostaglandin H2 (PGH2) via a peroxidase reaction. PGH2

is subject to the effect of enzymes (prostaglandin synthases)

specific to the synthesis of various prostaglandins. Thus,

prostacyclin synthases are key to the synthesis of prostacy-

clins downstream of COX (Fig. 1) [14].

The expression of these prostacyclin synthases determi-

nes the release of eicosanoids in certain types of cells.

Although they express the same isoforms of COX as

endothelial cells, platelets differ in function. Prostacyclin

synthases are strongly expressed in endothelial cells, but

thromboxane synthase is expressed little, or not at all. In

contrast, thromboxane synthase is highly expressed in pla-

telets, where the level of prostacyclin synthases is negligible.

So, despite high expression of COX in these 2 cell types, the

production of prostaglandins predominates, thus enabling

diametrically opposed biological functions [13, 15].

The platelet-endothelium interaction has often been

studied in terms of the fine regulation of the effects of

prostaglandins. Thus, the biological effect is determined by

the equilibrium between endothelial prostacyclin and pla-

telet thromboxane [15].
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Thromboxane A2 (TXA2) is produced by platelets, and

also the placenta [16], and is responsible for vasocon-

striction, induction of vascular remodeling, and increasing

platelet aggregation and adhesion. Prostacyclins are

vasodilatory mediators and inhibit vascular remodeling,

platelet aggregation, and platelet adhesion [13].

2.3 Pharmacokinetics of Aspirin

In homeostasis, arachidonic acid is converted into PGH2

by constitutive COX 1, and by inducible COX 2 in cases

of inflammatory reaction, hypoxia, or oxidative stress.

This induction is mediated by numerous cytokines and

pro-inflammatory factors [17, 18]. The synthesis of

prostaglandins is dependent on PGH2, a common pre-

cursor, which enables the endothelial production of

prostaglandin I2 (PGI2) and platelet production of TXA2

[19, 20].

Aspirin is quickly absorbed in the stomach and upper

digestive tract. The fraction absorbed depends on various

factors, such as the dissolution of the tablets, the dosage

form, and gastrointestinal pH [21]. After oral administra-

tion, the plasma peak is reached in 30 min [21]. Aspirin,

which is a weak acid (pH 3.5), is hydrolyzed in the

intestinal circulation to salicylic acid [21], which is rapidly

conjugated (via catalysis of acyl-CoA N-acyltransferase) to

form the principal metabolite, salicyluric acid, which is

excreted in urine (Fig. 2) [22]. A single oral dose of

5–100 mg of aspirin, dose-dependently inhibits the activity

of platelet COX [23]. The half-life of aspirin ranges from 1

to 38 h in animals, but is close to 20 min (13–31 min) in

human subjects. The slow elimination of salicylates is

linked to the high plasma level of protein transporters [21].

2.4 Mode of Action of Aspirin

Acetylsalicylic acid (aspirin) is transformed into salicylic

acid, which induces the acetylation of a serine at the heart

of COX and binds to its catalytic site, thereby preventing

the binding of arachidonic acid (Fig. 3). This blocking of

the catalytic site of COX is dose-dependent, stable, cova-

lent, and irreversible. It is mainly responsible for the

inhibition of COX-1, a constitutive enzyme, while there is

less inhibition of COX-2, an inducible enzyme. The dura-

tion of action of aspirin depends on the capacity of the cell

to resynthesize COX [24].

The half-life of acetylsalicylic acid being very short, the

neo-synthesis of COX allows the resumption of pros-

taglandin production some hours after a dose of aspirin.

Thus, the endothelium recovers its physiological state by

de novo synthesis of COX, which ensures basal secretion

of PGI2 [25]. The platelet, where TXA2 is synthesized, is

anuclear and cannot compensate for this acetylation state.

The inhibition of COX will, therefore, last for the whole

life of the platelet, i.e. 7–10 days.

Daily, single low-dose aspirin rapidly (\ 30 min) tips

the TXA2/PGI2 balance in favor of PGI2, but has no

impact on the production of PGI2 [26]. This explains the

paradox of aspirin, which has a short half-life, but a pro-

longed effect on platelet aggregation.

Fig. 1 Biosynthesis of

eicosanoids. PGH2

prostaglandin H2, PGHE2

prostaglandin E2, PGHD2

prostaglandin D2, PGF2a
prostaglandin F2 alpha, PGI2

prostaglandin I2, TXA2

thromboxane A2
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Sibai et al. reported that 60–80 mg of aspirin a day

reduced TXA2 production in over 90% of pregnant women

after some days of treatment [27]. Roberts et al. noted that

50 mg of aspirin a day reduced TXA2 production in over

95% of cases without altering prostacyclin production,

whereas 100–300 mg of aspirin a day completely inhibited

TXA2 production, and also inhibited prostacyclin [28, 29].

Aspirin also has other effects that seem to be indepen-

dent of COX. It modifies hemostasis via decreased for-

mation of thrombin [30] and increases fibrinolysis [31]. In

the endothelium, aspirin modifies primary hemostasis via

decreased expression of the tissue factor responsible for

platelet adhesion [32]. Other studies have emphasized the

biological prevention of tumor-necrosis factor (TNF)-a-
induced endothelial cell dysfunction by regulating the NF-

kB/eNOS pathway [33], or the impact of aspirin on tran-

scription factors such as STOX1 in preeclampsia-like

syndromes in mice [34], or the effect of aspirin on heme-

oxygenase-1, used as a diagnostic marker of oxidative

stress in preeclampsia [35]. However, none of these path-

ways have been investigated in pregnant women.

2.5 Chronobiology of Aspirin

The efficacy of aspirin seems to be subject to a chronobi-

ological effect, since a randomized trial in Spain showed a

beneficial effect on diurnal blood pressure regulation and a

reduction of obstetrical effects when aspirin was taken in

the evening or at bedtime, compared with morning intake

[hazard ratio 0.19, 95% confidence interval (CI) 0.10–0.39]

[36]. This beneficial effect is principally dependent on

circadian rhythms combined with the rest-activity cycle of

Fig. 2 Hydrolysis of aspirin and conjugation of salicylic acid

Fig. 3 Mode of action of aspirin. Ser serine, COX cyclooxygenase, PGH2 prostaglandin H2, AA arachidonic acid
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patients. Aspirin seems to have a minor effect when taken

in a single morning dose upon waking [36, 37].

In a randomized trial, Bonten et al. [37] found that

COX-1-dependent platelet activity was significantly

reduced upon awakening after low-dose aspirin taken the

previous evening or on retiring. COX-1-independent pla-

telet activity was not affected by aspirin intake or its timing

[37]. Laboratory tests therefore confirm clinical data

favoring evening or bedtime intake of low-dose aspirin.

3 Prostaglandins and Pregnancy

During normal pregnancy, the platelet TXA2 (platelet

activator and vasoconstrictor) and endothelial prostacyclin

(platelet inhibitor and vasodilator) balance favors prosta-

cyclins. This equilibrium regulates platelet aggregation and

peripheral vasoreactivity during pregnancy and maintains

satisfactory uteroplacental blood flow [38].

Preeclampsia is a complication of pregnancy secondary to

placental dysfunction. Initially, vascular uterine remodeling is

altered, leading to decreased maternal blood supply to the

placenta. Progressively, placental hypoxia and oxidative

stress result in generalized dysfunction of the villous tro-

phoblast. This placental dysfunction induces release into the

maternal circulation of factors (free radicals, oxidized lipids,

cytokines, sFlt-1) that cause generalized endothelial dys-

function, leading to clinical signs of the disease [39]. This

endothelial dysfunction involves increased peroxidation of

endothelial lipids associated with a decrease in antioxidant

protection. The peroxidation of lipids activates COX and

inhibits prostacyclin synthase, thus inducing rapid imbalance

in the TXA2/prostacyclin (PGI2) ratio in favor of TXA2 [38].

TXA2 favors systemic vasoconstriction, which is little com-

pensated in this context by the vasodilator effect of prosta-

cyclins, levels of which drop sharply. In addition, epigenetic

modifications of the promoter region of the thromboxane

synthase gene (TBXAS1) during preeclampsia have been

reported [40]. Analysis of the DNA of patients with

preeclampsia has provided evidence of a decrease in methy-

lation of the TBXAS1 promoter, leading to increased

expression of thromboxane synthase [40]. In vitro, aspirin

seems to improve defective trophoblast syncytialization by

altering the production of specific cytokines, decreasing

apoptosis, and altering cell aggregation and fusion [41].

Aspirin has no effect on trophoblastic invasion [42].

4 Physiological Basis for Using Aspirin
in Preeclampsia

In preeclampsia, platelet TXA2 increases significantly,

whereas prostacyclin drops sharply. This imbalance is

present from 13 weeks of gestation in patients at high risk

[43]. TXA2/PGI2 imbalance can be reversed by 2 weeks of

treatment with low-dose aspirin [44], which inhibits TXA2

secretion, and thus platelet aggregation [44], without

altering secretion of endothelial prostacyclin (PGI2) [27],

thereby favoring systemic vasodilatation.

More recent understanding of the influence of angio-

genic factors on placental hemodynamics during pregnancy

has led to assessment of the effect of aspirin on the

secretion of these factors in the human placenta. In hypoxic

conditions, aspirin inhibits the expression of sFlt-1 in

human trophoblasts, and thus shows proangiogenic activity

[45]. sFlt-1 is the soluble form of the VEGF receptor,

which, in binding to circulating placenta growth factor

(PlGF) and vascular endothelial growth factor (VEGF),

behaves as a potent anti-angiogenic factor [46]. sFlt-1 is

present at high levels in the circulation of patients with

preeclampsia and is responsible for the angiogenic imbal-

ance seen in the pathogenesis of preeclampsia [46, 47].

4.1 History of the Use of Aspirin

The early 1950s were marked by numerous studies show-

ing that aspirin effectively prevents cardiovascular disease

[48]. The first evidence of the obstetrical efficacy of aspirin

was noted in 1985 by Beaufils et al. [49], in a randomized

study of preventive treatment with aspirin in 102 patients at

high risk of preeclampsia and/or intrauterine growth

restriction [49]. The prevalence of preeclampsia was sig-

nificantly reduced in the aspirin group compared with the

untreated group (0/48 vs 6/45 p\ 0.05). These findings

were welcomed by the scientific community, thus starting

the golden age of the prevention of placental vascular

disease by aspirin. Numerous randomized, double-blind

trials subsequently assessed the efficacy of aspirin in these

indications, notably in 1991, when the EPREDA trial

showed a beneficial effect of aspirin in the secondary

prevention of intrauterine growth restriction [50].

Between 1992 and 2001, prescriptions of aspirin soared

and its indications in obstetrical practice multiplied.

Numerous studies were published, using aspirin in patients

considered as presenting risk factors, with gestational age

at inclusion and dosages varying greatly between studies.

The effect measured was clearly less than expected. In

1994, an attempt was made in the randomized CLASP trial

to harmonize clinical practices and inclusions [51]. In a

subsequent double-blind randomized trial, Caritis et al.

found no benefit of the prescription of 60 mg of aspirin

from 13–26 weeks of gestation [52]. However, the indi-

cations used by Caritis et al. for the prescription of aspirin

were very broad, and covered patients with diabetes before

conception, chronic hypertension, multiple pregnancy, and

gestational age[ 20 weeks at the start of aspirin treatment

in over 50% of randomized patients [49].

Aspirin for Prevention of Preeclampsia 1823



The golden age of aspirin treatment for obstetrical

indications in daily practice was thus questioned. It was not

until 2001 that a meta-analysis of the efficacy of aspirin in

the prevention of preeclampsia in high-risk patients [53]

showed that low-dose aspirin (60–160 mg) reduced the risk

of preeclampsia by 15% without changing the incidence of

intrauterine growth restriction. The significant benefit of

the prescription of low-dose aspirin was clearly below that

suggested by early studies. Analysis of individual patient

data was necessary to define the indications and a group of

at-risk patients in the context of relevant medical indica-

tions [53]. A 2007 meta-analysis by Askie et al. [5], pub-

lished by Duley et al. [54] in the Cochrane database,

included over 37,000 patients in 59 trials assessing aspirin

in primary and secondary prevention [54]. The analysis

showed a significant but modest reduction of 10% [relative

risk (RR) 0.90; 95% CI 0.84–0.97] in the risk of

preeclampsia, a 10% decrease in the risk of delivery before

34 weeks of gestation (RR 0.90; 95% CI 0.83–0.98), and a

10% reduction in the risk of unfavorable outcome (RR

0.90; 95% CI 0.85–0.96) (Table 1). Askie et al. noted a

more marked benefit when aspirin treatment started before

20 weeks of gestation (RR 0.87; 95% CI 0.79–0.96) and

when the dosage was C 75 mg/day (RR 0.77; 95% CI

0.61–0.97) [5]. So, the benefit demonstrated was lost when

aspirin was introduced at C 20 weeks of gestation (RR

0.95; 95% CI 0.85–1.06) or at doses B 75 mg (RR 0.95;

95% CI 0.92–0.99) (Table 2) [5].

Caron et al. in 2009 reported a dose-dependent effect of

aspirin in pregnant women, thus confirming the association

of an optimal dose for the measurement of a real clinical

effect [29].

In view of the large number of patients and the avail-

ability of individual patient data in this meta-analysis, it

was possible to analyze the efficacy of aspirin in sub-

groups. Aspirin did not reduce preeclampsia when pre-

scribed because of certain risk factors, like nulliparity,

chronic hypertension before pregnancy, diabetes before

conception, age[ 35 years, twin pregnancies, and history

of a small-for-gestational-age infant (Table 3). This meta-

analysis is currently the most important because it is the

only one performed with individual patient data.

Between 2007 and 2010, a multitude of contradictory

studies and controversial conclusions prompted Bujold

et al. to publish in 2010 a meta-analysis of 34 double-blind

randomized trials measuring the effect of low-dose aspirin

on the incidence of preeclampsia and intrauterine growth

restriction [55]. Their findings were in accord with those of

Askie et al. [5], but suggested a greater beneficial effect,

especially when aspirin was started before 16 weeks of

gestation (RR 0.47; 95% CI 0.34–0.65) in high-risk

patients. This effect was no longer significant when the

treatment was started after 16 weeks of gestation (RR 0.81;

95% CI 0.65–1.03). In the cohort of Askie et al., the

patients who had early treatment mostly received it

between 18 and 20 weeks of gestation, which explains the

measurement bias referred to by Bujold et al. [55].

Table 1 Principal maternal and fetal events—Askie et al. [5]

Condition tested in favor of aspirin treatment RR (95% CI) Number of patients needed to treat (95% CI)

Reduction in the risk of preeclampsia 0.90 (0.84–0.97)* 167 (104–556)

Risk of delivery\ 34 WG 0.90 (0.83–0.98)* 100 (59–500)

Risk of unfavorable outcome 0.90 (0.85–0.96)* 67 (44–167)

In utero fetal death 0.91 (0.81–1.03) –

Small for gestational age 0.90 (0.81–1.01) –

WG Weeks of gestation, CI confidence interval

Table 2 Effect of aspirin according to dosage and gestational age at

the start of treatment, according to Askie et al. [5]

Condition Relative risk Confidence interval

Gestational age\ 20 weeks 0.87 0.79–0.96

Gestational age C 20 weeks 0.95 0.85–1.06

Dose of aspirin B 75 mg 0.95 0.92–0.99

Dose of aspirin[ 75 mg 0.77 0.61–0.97

Table 3 Subgroup analysis: risk of preeclampsia Askie et al. [5]

Condition RR (95% CI)

Nulliparity 0.90 (0.76–1.08)

Multiparity with high risk factor 0.89 (0.81–0.99)

Hypertension before conception 0.97 (0.84–1.12)

Diabetes before conception 0.76 (0.56–1.04)

Nephropathy before conception 0.63 (0.38–1.06)

History of small-for–gestational-age infant 1.05 (0.86–1.28)

Age[ 35 years 1.02 (0.83–1.26)

Twin pregnancy 0.85 (0.61–1.18)
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Considering that data are limited because of an inability to

place women in the correct gestational age subgroup from

relevant trials, Askie conducted an individual data analysis

published in 2017. The aim of the study was to assess

whether the treatment effects of antiplatelet agents on

preeclampsia and its complications vary based on whether

treatment is started before or after 16 weeks of gestation

[56]. Their results showed no significant difference in the

effects of antiplatelet therapy for women randomized

before 16 weeks of gestation (0.90; 95% CI 0.79–1.03)

compared with those randomized at or after 16 weeks

(0.90; 95% CI 0.83–0.98). The effect of low-dose aspirin

on preeclampsia and its complications was consistent,

regardless of whether treatment is started before or after

16 weeks of gestation [56].

As for the risk of intrauterine growth restriction, Bujold

et al. [55] found a risk reduction of 56% in patients at high

risk when the treatment was started before 16 weeks of

gestation (RR 0.44; 95% CI 0.30–0.65). After 16 weeks,

the risk reduction was not significant and virtually nil (RR

0.98; 95% CI 0.87–1.10) [55]. The problem with meta-

analysis without individual patient data is that subgroup

analysis may be affected by several biases. Therefore, the

most reliable meta-analysis remains the one published by

Askie and colleagues.

The debate on the indications for aspirin in the pre-

vention of preeclampsia was reopened in 2014 by the US

Preventive Services Task Force (USPSTF) evidence review

[57], which was designed to update the 2002 Ameri-

can Congress of Obstetricians and Gynecologists (ACOG)

guidelines [58]. The efficacy of low-dose aspirin in the

prevention of preeclampsia in high-risk patients, and in

reduction of perinatal adverse events, was reviewed in

order to update clinical practices and obstetrical prescrip-

tions [57]. All trials included in the review exclusively

considered the traditional definition of preeclampsia. The

recommendations were above all based on the latest meta-

analyses, which did not use individual patient data or allow

specific study of the effect of aspirin as a function of the

risk factors presented by patients (Table 4). However, the

recommendations were formulated as a function of these

different risk factors and the USPSTF recommended broad

prescription of aspirin in patients with a high-risk factor for

preeclampsia and in patients with at least two intermediate

risk factors.

In the ensuing debate, some scientific and obstetrical

experts noted that the USPSTF recommendations had

moved away from the ACOG guidelines. Sibai et al. [60]

highlighted that platelet inhibitors are advocated in patients

with chronic hypertension, chronic nephropathy, or dia-

betes, a recommendation not made in previous publications

or national recommendations [60]. In parallel, a 2015

socioeconomic study noted that wide-ranging prevention in

line with USPSTF recommendations would be more cost-

effective in terms of reduced induction of prematurity and

maternal morbidity [59]. The same study showed that the

USPSTF recommendations would lead to the use of low-

dose aspirin in 27.6% of pregnant women. These recom-

mendations were followed by comments highlighting an

unreasonable massive prescription of aspirin [60].

Current national guidelines on prevention of

preeclampsia vary greatly: some are based on targeted

indications in secondary prevention in cases of

preeclampsia in a previous pregnancy (ACOG in the USA,

Société Française de l’Hypertension Artérielle in France),

others extend the indications as a function of the patients’

risk factors (NICE, USPSTF, RANZCOG, SOGC). Table 5

summarizes the guidelines of various learned societies.

4.2 Early Detection of Preeclampsia

Timely detection of preeclampsia has been a major chal-

lenge in perinatal research for over 50 years. In 1947,

Kraver et al. attempted to predict the onset of preeclampsia

by the cold pressor test or Hines-Brown test, by studying

maternal cardiovascular changes following immersion of

the hand in ice-cold water [67]. The last 20 years have seen

extensive research on clinical parameters, biophysical

markers (Doppler indices), and various early biochemical

markers that reflect impaired placentation [68–72].

Numerous tests were subsequently proposed for detection

of preeclampsia in the first trimester, but were of

Table 4 Meta-analysis and

effect of aspirin—after Werner

et al. [59]

Authors, year Number of trials included Patients included Preeclampsia - RR

Askie et al. [5] 36 34,288 0.9 (0.84–0.97)

Duley et al. [54] 39 37,560 0.83 (0.77–0.89)

Bujold et al. [55] 34 11,348 0.47 (0.34–0.65)a

0.81 (0.63–1.03)b

Henderson et al. [57, 62] 23 12,184 0.76 (0.62–0.95)

a Treatment introduced before 16 weeks of gestation
b Treatment introduced after 16 weeks of gestation
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insufficient sensitivity and/or gave too many false-positive

results for use in clinical practice. In 2007, Plasencia et al.

confirmed that Doppler ultrasound before 16 weeks of

gestation in the prediction of preeclampsia is of highly

questionable utility. For a 10% false-positive rate, Doppler

ultrasound had an insufficient detection rate of 41.1% [73].

Moreover, the PREDO trial tested the effect of aspirin

versus placebo in the prediction of preeclampsia in women

with abnormal uterine artery Doppler flow velocimetry and

no significant difference was found [74]. The first study

that really opened the way to early detection of

preeclampsia was published in 2009 by Poon et al. [75] of

the Fetal Medicine Foundation (FMF), who proposed an

algorithm for estimation of the risk of preeclampsia on the

basis of maternal demographics, medical and obstetrical

history, pulsatility index of the uterine arteries, mean blood

pressure, and maternal serum levels of PlGF and pregnancy

associated plasma protein A (PAPP-A) between 11 and

13 weeks of gestation. This test identified 91% cases of

early and severe preeclampsia, with a 10% false-positive

rate. In contrast, the test was poorly predictive of moderate

preeclampsia and gestational hypertension. The Poon et al.

study [75] was subject to potential bias, notably in the

constitution of the control group of the nested case–control

analysis, which could have led to overestimation of the

efficiency of the algorithm.

Several other studies in large prospective cohorts sub-

sequently focused on algorithms predictive of preeclamp-

sia, but the results were disappointing [68–71]. Oliveira

et al. [76, 77] in 2014 also discussed the limited external

validity of these different tests, calling into question their

application to the general population [76, 77]. The per-

formance of the algorithms in the new population was

indeed significantly poorer than in the original population.

The sensitivity of the test proposed by Poon et al., initially

given as 95%, was 52% in the at-risk population tested by

Oliveira et al. [76, 77]. The FMF algorithm is, however, the

most studied and its performance in a population of 35,948

patients was in line with the findings of Poon et al. [75].

The estimated area under the curve of the test was 0.907,

with 89% sensitivity, and a 10% false-positive rate in the

prediction of early preeclampsia [78].

4.3 The ASPRE (Aspirin for Evidence-Based

PREeclampsia Prevention) Trial

To study the use of the FMF algorithm in clinical practice,

the ASPRE trial was designed to propose aspirin as a

treatment for primary prevention of preeclampsia in all

patients considered to be at high risk following first-tri-

mester combined screening. This multicenter, double-

blind, randomized, placebo-controlled trial evaluated the

effect of prophylactic low-dose aspirin administered in the

first trimester of pregnancy on the incidence of delivery

with preeclampsia before 37 weeks of gestation in patients

at high risk. The secondary objectives were to study the

effects of aspirin on the incidence of early (delivery before

34 weeks of gestation) preeclampsia, the incidence of

intrauterine growth restriction, fetal death, perinatal death,

admission to neonatal intensive care, a composite measure

of neonatal morbidity and mortality and placental abrup-

tion [79].

The risk cut-off used in this study was 1/100, which

corresponds to about 10% of pregnant women. Patients

considered at high risk were randomized to either a group

given aspirin (150 mg per day, taken at bedtime) or a group

given a placebo. Treatment was started in the first trimester

(between 11 and 14 weeks of gestation) and continued to

36 weeks of gestation [79].

Testing was offered to 26,941 pregnant women, 2641 of

whom were at high risk of preeclampsia and eligible for

inclusion. Among the patients included, 1776 were ran-

domized to aspirin or a placebo. The occurrence of preterm

preeclampsia (\ 37 weeks) was significantly reduced by

Table 5 Prescription of low-dose aspirin according to learned societies

Country Personal history

of preeclampsia

or HELLP

Autoimmune

disease

except for APS

APS Diabetes

(type 1 or 2)

Renal

disease

Chronic

hypertension

Association

of moderate

risk factors

MP

France SFHTA CNGOF Yes ± Yes No No No No No

USA USPSTF Yes Yes Yes Yes Yes Yes Yes Yes

USA ACOG Yes Yes Yes Yes Yes Yes No Yes

Canada SOGC Yes Yes Yes Yes Yes Yes ± ±

United Kingdom NICE Yes Yes Yes Yes Yes Yes Yes Yes

Australia New Zealand RANZCOG Yes Yes Yes Yes Yes Yes Yes No

APS Antiphospholipid syndrome, MP multiple pregnancy, SFHTA Société Française de l’Hypertension Artérielle, CNGOF Collège National des

Gynécologues Obstétriciens Français [61], USPSTF US Preventive Services Task Force [62], ACOG American Congress of Obstetricians and

Gynecologists [63], SOGC Society of Obstetricians and Gynaecologists of Canada [64], NICE National Institute for Health and Care Excellence

[65], RANZCOG Royal Australian and New Zealand College of Obstetricians and Gynaecologists [66]

1826 A. Atallah et al.



aspirin (0.38; 95% CI 0.20–0.74; p = 0.004). Preterm

preeclampsia occurred in 13 of 798 participants (1.6%) in

the aspirin group, as compared with 35 of 822 (4.3%) in the

placebo group [79]. The effect of preeclampsia was more

pronounced in nulliparous women (OR 0.27; 95% CI

0.11–0.65). There was no significant difference in the

incidence of preeclampsia after 37 weeks (OR 0.95. 95%

CI 0.57–1.57), small for gestational age with or without

preeclampsia, placental abruption and spontaneous deliv-

ery with or without preeclampsia [79]. Moreover, there was

no difference in the incidence of preterm preeclampsia in

multiparous women with or without a history of

preeclampsia (OR 0.5; 95% CI 0.08–3.09 and 0.79; 95% CI

0.22–2.88, respectively). In this study, the dose of 150 mg

of aspirin per day was selected on the basis of previous

evidence of a dose-dependent benefit [80]. Inclusion cri-

teria contained a high risk ([ 1 in 100) for preterm

preeclampsia according to the screening algorithm. Inter-

estingly, the incidence seemed to be significantly reduced

only in women with an estimated risk for preterm

preeclampsia ranging between 1 in 10.1 and 1 in 50 (OR

0.33; 95% CI 0.13–0.84) [79]. Further studies considering

this threshold ([ 1 in 50) may refine the estimated high risk

of preterm preeclampsia.

This study raises several questions. Is screening of

preeclampsia based on the FMF algorithm more effective

than current national guidelines (NICE, ACOG, etc.)? This

question is the subject of an ongoing study in the UK

(SPREE study) [81]. Meanwhile, the results from the

ASPRE study suggest that a large number of patients need

to be screened in order to avoid one case of preeclampsia

[82]. In the ASPRE study, 25,797 patients were included

and 630 developed preeclampsia. Aspirin was associated

with a reduction of 21 cases of preterm preeclampsia.

Therefore, to avoid one case of preterm preeclampsia, 1228

patients must be screened and nearly 10% of the population

must be treated with aspirin. A medical economics study is

also needed to evaluate the cost effectiveness of such

prevention. We believe that more data are needed before

implementing first-trimester screening of preeclampsia in

real practice and before modification of national

guidelines.

5 Iatrogenic Fetal and Maternal Effects of Aspirin
Treatment

Aspirin is of unquestionable benefit in the prevention

cardiovascular diseases [83], and its side effects and

iatrogenesis seem minor, thus enabling routine pre-

scription given its favorable benefit-risk ratio. However,

gastrointestinal discomfort seems constant [84–86] and

some studies report rare but serious side effects, notably

hemorrhagic [87–89]. Its widespread use has led to more

frequent administration of aspirin during pregnancy, and

to iatrogenic risk for mother and child. Aspirin crosses

the placental barrier and alters TXA2/PGI2 balance and

platelet aggregation in the fetus [90]. After perfusion

into the placental cotyledon, aspirin is transferred into

the fetal-placental circulation during the first 5 min [91].

Laboratory tests on cord blood in pregnant women tak-

ing low-dose aspirin (100 mg/day) have revealed no

salicylate or other metabolites, but there is a sharp drop

in platelet TXA2, which returns to normal 2–3 days after

the discontinuation of post-partum treatment [90].

Aspirin thus has a hematological effect on the fetus via

the uteroplacental circulation. With early and prolonged

use of aspirin doses[ 180 mg/day, Hertz et al. [92]

reported sporadic cases of intracranial hemorrhage in

premature infants, in low-weight children, and when

there is early closure of the arterial canal [92]. The

principal studies of fetal and maternal iatrogenesis are

reassuring, and low doses of aspirin administered during

the first trimester do not seem to constitute a teratogenic

risk [93–96]. However, aspirin treatment leads to a

decrease in fetal platelet aggregation and so to a theo-

retical risk of in utero cerebral hemorrhage. This risk is

low, but cases of such adverse effects may increase in

number with widespread prescription of aspirin in

pregnant women [92, 97]. As aspirin treatment should be

discontinued around 36 weeks of gestation, the risk

particularly concerns women who give birth before this

term. Aspirin could therefore augment the risk of

bleeding associated with prematurity. Teratogenicity

associated with aspirin concerns only patients exposed to

doses of between 650 and 2600 mg/day, with variable

clinical expression including cardiopathies and limb

anomalies. Such events are not seen at lower doses [92].

Finally, low-dose aspirin seems not to influence birth-

weight or the duration of pregnancy [92].

It is reassuring that prophylactic use of aspirin has no

negative effect on perinatal mortality [48]. Numerous

studies show that low-dose aspirin during pregnancy has a

positive impact on clinical or laboratory findings, or both.

Despite the gastrointestinal symptoms reported in 10%

of patients taking aspirin, there is no increase in the risk of

bleeding or of placental abruption [55, 98]. Likewise, the

literature indicates no significant association between low-

dose aspirin treatment and premature closure of the arterial

canal or neonatal bleeding [99–101]. However, the power

of these studies was not enough to show the potential side

effects associated with routine and extensive prescription.

Apart from pregnancy, large studies were needed to show

the risks, notably hemorrhagic, associated with low-dose

aspirin. The broadening of the indications for aspirin in

pregnant women has led to the exposure to these potential

Aspirin for Prevention of Preeclampsia 1827



side effects of more and more women and fetuses. As an

example, a test involving prescription of aspirin to 10% of

pregnant women would lead each year to the treatment of

400,000 pregnant women in the USA, 80,000 in France,

and 1,800,000 in China. The USPSTF recommendations

would mean that three times more patients would be treated

every year. It is therefore essential to put in place screening

tools that limit the needless exposure of pregnant women to

aspirin.

6 Conclusion

It is now clear that low doses of aspirin are effective in

secondary prevention of preeclampsia in high-risk patients,

mainly those with a history of preeclampsia. Aspirin

inhibits thromboxane A2 production by platelets and so

increases the prostacyclin/TXA2 ratio and reduces platelet

aggregation. It also decreases production of the tissue

factor thrombin. Indications for aspirin in primary pre-

vention are a matter of debate, but recent publications

suggest a strategy based on first-trimester screening of

preeclampsia (with clinical parameters, biomarkers and

uterine Doppler measurements) and aspirin administration

to high-risk patients. The usefulness of this strategy is still

under evaluation and more data are needed before its

implementation in real practice. Aspirin should be admin-

istered once a day in the evening at low doses ranging from

80 to 150 mg. There is good evidence showing that the

efficacy of aspirin grows as the dose increases. However,

aspirin crosses the placental barrier and inhibits fetal pla-

telet aggregation. Although low-dose aspirin has a good

maternal and fetal safety profile, the number of patients

exposed to doses over 100 mg is low and the safety of a

prevention strategy based on 150 mg of aspirin per day has

to be confirmed.
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A. Increased serum heme oxygenase-1 levels as a diagnostic

marker of oxidative stress in preeclampsia. Hypertens Pregnancy.

2014;33:488–97. doi:10.3109/10641955.2014.946613.

36. Ayala DE, Ucieda R, Hermida RC. Chronotherapy with low-

dose aspirin for prevention of complications in pregnancy.

Chronobiol Int. 2013;30:260–79. doi:10.3109/07420528.2012.

717455.

37. Bonten TN, Saris A, van Oostrom MJ, Snoep JD, Rosendaal FR,

Zwaginga J, et al. Effect of aspirin intake at bedtime versus on

awakening on circadian rhythm of platelet reactivity. A ran-

domised cross-over trial. Thromb Haemost. 2014;112:1209–18.

doi:10.1160/TH14-05-0453.

38. Walsh SW. Eicosanoids in preeclampsia. Prostaglandins Leukot

Essent Fatty Acids. 2004;70:223–32.

39. Lecarpentier E, Haddad B, Goffinet F, Tsatsaris V. Moyens
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74. Villa PM, Kajantie E, Räikkönen K, Pesonen A-K, Hämäläinen
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