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ABSTRACT
Meta-analysis of randomized studies on the use of low-dose aspirin in women at high risk of preeclampsia (PE) has
demonstrated that if treatment is initiated at ≤16 weeks’ gestation, there is signiﬁcant reduction in the risk of PE
[relative risk (RR) 0.47, 95% conﬁdence interval (CI) 0.36–0.62], fetal growth restriction (RR 0.46, 95% CI 0.33–0.64),
preterm birth (RR 0.35, 95% CI 0.22–0.57) and perinatal death (RR 0.41, 95% CI 0.19–0.92), whereas the effect of
treatment after 16 weeks is substantially less (RR 0.78, 95% CI 0.61–0.99; RR 0.98, 95% CI 0.88–1.08; RR 0.90, 95% CI
0.83–0.97; and RR 0.93, 95% CI 0.73–1.19, respectively). Moreover, the decrease in the risk of PE from early onset
treatment seems to be related to the dose of aspirin, and a dose of >80 mg daily should be considered for optimal
beneﬁts. © 2014 John Wiley & Sons, Ltd.
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INTRODUCTION
The use of low-dose aspirin for prevention of preeclampsia (PE)
has been an important research question for several decades.
Now, several national professional bodies recommend that
high-risk pregnancies should be treated with low-dose aspirin
starting from around 12 weeks’ gestation.1–3 This review
examines the evidence on the effect of prophylactic use of
aspirin for the prevention of PE and reports on the timing of
onset of treatment, the optimal dose of aspirin and the possible
pathophysiological mechanism of action.

PREVENTION OF COMPLICATIONS OF IMPAIRED
PLACENTATION BY LOW-DOSE ASPIRIN
Preeclampsia
In 1978, Goodlin reported the case of a woman with previous
gestational hypertension, thrombocytopenia and preterm
birth who beneﬁt from aspirin and heparin treatment started
at 15 weeks’ gestation in the next pregnancy.4 In 1979, Crandon
and Isherwood observed that nulliparous women who had
taken aspirin regularly during pregnancy were less likely to
have PE than women who did not.5 In 1985, Beauﬁls et al.
published the ﬁrst randomized trial in pregnant women where
150 mg of aspirin and 300 mg of dipyridamole were given daily
from 3 months’ gestation onwards to women with a history of
risk factors for PE.6 They observed a signiﬁcant reduction in
the risk of PE, fetal growth restriction (FGR) and stillbirth.
Prenatal Diagnosis 2014, 34, 642–648

Subsequently, more than 50 trials have been carried out
throughout the world.7 However, most of these trials, including
the six largest ones, randomized the participants mainly in the
second trimester of pregnancy and used much lower doses of
aspirin than the study of Beauﬁls.6 None of the trials reported that
use of aspirin was associated with a signiﬁcant reduction in PE. In
2007, Askie et al. published an individual patients meta-analysis
showing that the administration of low-dose aspirin in high-risk
pregnancies was associated with a decrease in the risk of PE by
approximately 10%.8 In 2014, Henderson et al. published a metaanalysis showing a decrease in the risk of PE by approximately 25%.9
The most likely explanation for late onset of treatment with
aspirin is the traditional approach to pregnancy care, where
the ﬁrst hospital visit was delayed until 16 weeks’ gestation or
later.10,11 However, examination of the randomized trials of
low-dose aspirin in women at high-risk for PE suggests that
the effectiveness is strongly related to the gestational age at
the onset of treatment.12 Meta-analysis of randomized trials
on the use of low-dose aspirin in women at high-risk for PE
demonstrated that when treatment was initiated at ≤16 weeks’
gestation, the risk of PE was reduced by about 50% [relative risk
(RR) 0.47, 95% conﬁdence interval (CI) 0.36–0.62]; whereas with
treatment after 16 weeks, there was only a 20% reduction in the
risk of PE (RR 0.78, 95% CI 0.61–0.99).13 Table 1 summarizes the
randomized trials that evaluated the use of low-dose aspirin
started at ≤16 weeks in the prevention of PE and the global
effect of the meta-analysis is shown in Figure 1.6,14–25
© 2014 John Wiley & Sons, Ltd.
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Table 1 Characteristics of randomized trials that evaluated the impact of low-dose aspirin initiated at ≤16 weeks’ gestation on the risk
of preeclampsia
Intervention

Authors, year
≤16 weeks
August 1994

N

Inclusion criteria

54

History risk factors

a
a

Azar 1990

91

History risk factors

Bakhti 2011

84

Nulliparity

Beauﬁls 1985
Benigni 1989

102

History risk factorsa

33

a

History risk factors

Aspirin
100 mg
100 mg

Placebo
b

Onset (week)
13–15

No treatment

16

100 mg

No treatment

8–10

150 mgb

No treatment

14

Placebo

12

60 mg
a

Controls

Ebrashy 2005

139

Abnormal uterine artery Doppler plus history risk factors

No treatment

14–16

Hermida 1997

107

History risk factorsa

100 mg

Placebo

12–16

Hermida 1999

350

History risk factorsa

100 mg

Placebo

12–16

No treatment

12–16

Mesdaghinia 2011

80

Michael 1992

110

Tulppala 1997

66

Vainio 2002
Villa 2010

90
121

Abnormal uterine artery Doppler
Hypertension with history risk factors

75 mg

80 mg
a

Previous consecutive miscarriage
Abnormal uterine artery Doppler & history risk factors

a

Abnormal uterine artery Doppler & history risk factorsa

100 mg

Placebo

16

50 mg

Placebo

~7

0.5 mg/kg

Placebo

12–14

100 mg

Placebo

12–14

a

Includes history of chronic hypertension, cardiovascular or endocrine disease, previous pregnancy hypertension or fetal growth restriction.
with Dipyridamole 300 mg daily.

b

Figure 1 Forest plot of randomized trials that evaluated the impact of low-dose aspirin initiated at <16 weeks’ gestation on the risk of
preeclampsia

Preterm and severe preeclampsia compared with term and mild
preeclampsia
Subgroup analysis of the data on the effect of low-dose aspirin
started at or before 16 weeks’ gestation in PE demonstrated
that the treatment was particularly effective in preventing early
disease requiring delivery before term, rather than at term (RR
0.11, 95% CI 0.04–0.33 vs RR 0.98, 95% CI 0.42–2.33) and in
severe, rather than mild PE (RR 0.22, 95% CI 0.08–0.57 vs RR
0.81, 95% CI 0.33–1.96).26,27
These ﬁndings are in agreement with the results of the
CLASP trial in which 9364 high-risk women were randomized
Prenatal Diagnosis 2014, 34, 642–648

to receive low-dose aspirin started between 12 and 32 weeks
of gestation until delivery.28 They found that the magnitude
of reduction in the prevalence of PE was inversely related to
the gestational age at delivery for PE. However, the data were
not stratiﬁed according to gestational age at entry.
The greater effectiveness of low-dose aspirin in the
prevention of the preterm and severe forms of PE,
compared with the term and mild ones, can be explained
by the fact that the prevalence of deep placental lesions in
women with PE is inversely related to the gestational age
at delivery.29,30
© 2014 John Wiley & Sons, Ltd.
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Perinatal death
A high proportion of stillbirths can be attributed to impaired
placentation. In a study of 65 819 singleton pregnancies, in
which the uterine artery PI was measured at 20–24 weeks’
gestation, there were 306 (0.46%) stillbirths. In 52% of stillbirths,
there were PE, placental abruption and/or birthweight below
the tenth percentile [small for gestational age (SGA)], and
these are likely to have been the consequence of impaired
placentation. In the stillbirths, the uterine artery PI was
signiﬁcantly higher than in live births and was inversely
associated with gestational age at delivery. The uterine artery
PI was above the 90th percentile in 81% of stillbirths with PE,
abruption and/or SGA delivering at <32 weeks’ gestation, in
42% at 33–36 weeks and in 34% at ≥37 weeks.31
Meta-analysis of randomized trials on the use of low-dose
aspirin in women at high-risk for PE demonstrated that when
treatment was initiated at ≤16 weeks’ gestation, the risk of
perinatal death was reduced by about 60% (RR 0.41, 95% CI
0.19–0.92); whereas with treatment after 16 weeks, there was
no signiﬁcant effect (RR 0.93, 95% CI 0.73–1.19).13 This ﬁnding
is compatible with the hypothesis that aspirin improves the
transformation of uterine spiral arteries and decreases
disorders of deep placentation, which is a major cause of
perinatal death.

Fetal growth restriction
Birth of SGA neonates is a heterogeneous condition that
includes constitutionally small fetuses, at no or minimally
increased risk of perinatal death and handicap, and growthrestricted fetuses (FGR) due to impaired placentation, genetic
disease or environmental damage.
Meta-analysis of randomized trials on the use of low-dose
aspirin in women at high-risk for PE demonstrated that when
treatment was initiated at ≤16 weeks’ gestation, the risk of
FGR was reduced by about 50% (RR 0.46, 95% CI 0.33–0.64);
whereas with treatment after 16 weeks, there was no signiﬁcant
effect (RR 0.98, 95% CI 0.88–1.08).13

Preterm birth
Meta-analysis of randomized trials on the use of low-dose aspirin
in women at high-risk for PE demonstrated that when treatment
was initiated at ≤16 weeks’ gestation, the risk of preterm birth
at <37 weeks was reduced by more than 60% (RR 0.35, 95% CI
0.22–0.57); whereas with treatment after 16 weeks, there was
only a small effect (RR 0.90, 95% CI 0.83–0.97).13
The beneﬁcial effects of low-dose aspirin on preterm birth
may be partly due to the reduction of clinically indicated
preterm delivery because of severe PE and/or FGR. However,
the effect may also be the consequence of better placental
implantation, because defective placentation plays a role in
the genesis of spontaneous preterm birth and premature
rupture of membranes as well.31,33 Unfortunately, most
randomized trials that evaluated the impact of low-dose
aspirin did not report speciﬁcally on the risk of spontaneous
preterm birth or premature rupture of membranes. However,
the very low overall preterm birth risk reported in women
who were taking low-dose aspirin (4.8% compared with 13.4%
in the controls) in these trials indicates that the risk of
Prenatal Diagnosis 2014, 34, 642–648

spontaneous preterm birth was low as well.13,34 Because
intra-amniotic and systemic inﬂammation has been strongly
linked with spontaneous preterm birth, it is possible that the
beneﬁcial effect of low-dose aspirin on preterm birth could
be due to inhibition of prostaglandin synthesis and its antiinﬂammatory properties.34,35

Placental abruption
It is uncertain whether low-dose aspirin started at ≤16 weeks’
gestation affects the risk of placental abruption. Although our
meta-analysis did not demonstrate a signiﬁcant effect of
aspirin (RR 0.55, 95% CI 0.21–1.47), this is likely to be due to
the small number of cases examined.13
Preliminary results that suggested a potential increased risk of
placental abruption with low-dose aspirin are likely to be
incidental or related to the fact that aspirin was started late in
gestation.36 The relative risk of placental abruption with lowdose aspirin started after 16 weeks is 1.56 (95% CI 0.96–2.55).12,13

Summary
In women at high-risk of PE, the prophylactic use of low-dose
aspirin started at 8–16 weeks’ gestation is associated with a
50% reduction in the overall risk of PE and about 80%
reduction in preterm and severe PE, 50% reduction in FGR,
60% reduction in preterm birth and 60% reduction in perinatal
death. There are insufﬁcient data concerning the possible
association between aspirin use and placental abruption.

MECHANISM OF ACTION OF ASPIRIN IN IMPROVING
PLACENTATION
In normal pregnancies, trophoblastic invasion of the
myometrium and transformation of uterine spiral arteries from
narrow muscular vessels to wide non-muscular channels usually
start at around 8 weeks’ gestation and are typically completed by
16–20 weeks.37 This physiologic process of placentation is
impaired in PE, particularly in preterm PE, FGR and to a lesser
extent in spontaneous preterm birth. Studies of placental bed
biopsies reported that in women with PE, only 0–40% of uterine
spiral arteries are completely transformed, compared with
80–100% in women with normal pregnancies.38
There is indirect evidence that low-dose aspirin could lead to
improvement in trophoblastic invasion of the uterine spiral
arteries. An in vitro study evaluated the effect of low-dose
aspirin on trophoblast cell line and demonstrated increase in
production of placental growth factor (PlGF), decrease in
apoptosis and improvement of the cytokines proﬁle.39 A
randomized trial and a large observational study reported that
the prophylactic use of low-dose aspirin started in the ﬁrst
trimester was associated with an improvement in uterine
artery pulsatility index (PI) when evaluated at 20–22 weeks
of gestation.40,41

OPTIMAL DOSE OF ASPIRIN
Aspirin is considered at low dose when taken at less than
300 mg/day. In 1979, Masotti et al. demonstrated that aspirin,
at a dose corresponding to 175 mg for a woman weighing
50 kg, was associated with inhibition of platelet aggregation
with only a slight inhibition of prostacyclin production.42 The
© 2014 John Wiley & Sons, Ltd.
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authors concluded that inhibition of platelet cyclooxygenase
occurs with smaller doses of aspirin and lasts longer than the
inhibition of vessel wall cyclooxygenase. Similar observations
were made by Walsh et al. who examined ten women at highrisk of PE that were treated with 81 mg of aspirin daily from
9 weeks’ gestation and reported selective inhibition of
thromboxane without affecting prostacyclin levels.43
In the ﬁrst randomized study on prevention of PE, the dose of
aspirin used was 150 mg/day,6 which is compatible with the
results of basic research;3,4,42 in most subsequent trials, less than
75 mg/day was used. Nevertheless, there is some evidence that
the effects of aspirin may be dose dependent. Vainio et al. found
a dose–response effect between 0.5 and 2.0 mg/kg, but their
study did not have the power to evaluate the effect of aspirin on
pregnancy outcomes.24 Walsh et al. observed a dose-dependent
effect of aspirin on the selective inhibition of thromboxane and
prostacyclin and showed that doses of 50–60 mg daily are
insufﬁcient to inhibit placental thromboxane.43,44 Such dosedependent effect has also been observed in studies utilizing
platelet function as a method of assessing responsiveness to
aspirin. A study evaluating the use of low-dose aspirin in women
at high-risk of adverse pregnancy outcomes, including PE and
FGR, reported that the outcome was better in women who had
a prolongation of the bleeding time, compared with those who
were ‘resistant’ to the treatment and had a normal bleeding
time.45 Another study in women with antiphospholipid
syndrome receiving 75 mg of aspirin daily reported that aspirinresistant women were more likely to develop adverse pregnancy
outcomes than those who were not resistant.46 A study evaluating
aspirin resistance in pregnant women reported that the
incidence was approximately 30%, 10% and 5% when the dose
of aspirin was 81, 121 and 162 mg, respectively.47,48 Another
study, in women who were resistant to 81 mg of aspirin, reported
that an increase in the dose to 162 mg was associated with a lower
rate of severe PE than in those who continued with 81 mg.49
Unfortunately, most studies did not control for maternal weight,
and the data are very limited regarding factors related to aspirin
resistance in pregnant women. Diabetes and obesity are two risk
factors for aspirin resistance, and it is likely that obese women
would require higher dosages of aspirin.50,51 Further research is
required in this ﬁeld.
Our recent meta-analysis did not show a signiﬁcant effect of
aspirin dosage (≤80 vs ≥100 mg) for the prevention of PE, but
the analysis was limited by the size of the included studies.13
Henderson et al. observed that the estimated risk reduction
was greater in studies using more than 75 mg of aspirin (RR
0.58, CI 0.36–0.95) than in those using less than 75 mg (RR
0.85, CI 0.68–1.05), but the difference in the effect size was
not signiﬁcant.9 However, a recent subgroup analysis of the
participants recruited before 16 weeks in the large trial from
Caritis et al. was published.52 They observed no signiﬁcant
decrease of PE in high-risk women when 60 mg of aspirin daily
was used. An ongoing randomized trial is comparing 80 versus
160 mg daily in pregnant women with a prior history of PE.

TIME OF THE DAY FOR ASPIRIN INTAKE
Data from three randomized trials strongly suggest that low-dose
aspirin administered at bedtime, compared with taking the drug
Prenatal Diagnosis 2014, 34, 642–648

645

at awakening, is associated with a signiﬁcant decrease in systolic
and diastolic blood pressure throughout pregnancy and
signiﬁcant decrease in the risk of PE, FGR and preterm birth.19,20,53
Ayala et al. detailed the abundant literature on the differential
circadian effect of low-dose aspirin.20 Although this phenomenon
has been demonstrated with the use of 100 mg aspirin taken daily,
it could be another explanation for the heterogeneity of the
results from the trials that used dosage below 80 mg. Most trials
did not specify whether or not a speciﬁc time of the day was
recommended to the participants. On the basis of the actual
available evidence, we believe that we should recommend that
low-dose aspirin should be taken at bedtime.

ADMINISTRATION
CONCEPTION

OF

LOW-DOSE

ASPIRIN

BEFORE

We did not ﬁnd randomized trials that compared the initiation of
low-dose aspirin before and after conception. However, several
trials examined the potential value of low-dose aspirin in the
prevention of miscarriage in women undergoing in vitro
fertilization. In most of these trials, aspirin was given from
several weeks before pregnancy and stopped at the diagnosis of
pregnancy or during the ﬁrst trimester. A conventional metaanalysis and an individual patient data meta-analysis did not
demonstrate a beneﬁcial effect of aspirin in the odds of clinical
pregnancy [odds ratio (OR) 1.07, 95% CI 0.81–1.41 and OR 0.86,
95% CI 0.69–1.15, respectively] or hypertensive pregnancy
complications (OR 0.62, 95%CI 0.22–1.7).54,55 Two trials
randomized women undergoing in vitro fertilization to receive
low-dose aspirin or placebo from before pregnancy to delivery;
their results were inconclusive regarding the beneﬁt of aspirin
for the prevention of hypertensive disorders of pregnancy
(RR 0.85, 95% CI 0.36–1.98 and RR 0.13, 95% CI 0.02–1.01,
respectively).56,57
Another recent randomized trial reported that treatment
with aspirin alone or aspirin combined with low-molecularweight heparin, in women with recurrent miscarriage who
were attempting to conceive or were less than 6 weeks
pregnant at randomization, did not signiﬁcantly reduce the
risk of miscarriage or adverse pregnancy outcomes.58

SELECTION OF PREGNANCIES THAT COULD BENEFIT
FROM LOW-DOSE ASPIRIN
In the randomized trials investigating the possible beneﬁt of lowdose aspirin, the main method of selecting the study populations
was a history of previous PE or medical disorders, including
chronic hypertension, diabetes mellitus, chronic renal disease,
systemic lupus erythematosus and antiphospholipid syndrome.
Although these factors are associated with a high risk of
developing PE and other impaired-placentation-related adverse
pregnancy outcomes, the sensitivity of this approach is poor,
with estimated detection rate of PE or preterm PE of about 40%
at false positive rate of 10%.59
A better method of early identiﬁcation of the high-risk group
at high risk of preterm PE is by combining maternal factors
with mean arterial pressure, uterine artery PI, serum PAPP-A
and serum PLGF at 11–13 weeks’ gestation. The estimated
detection rate of preterm PE by such combined test is more
than 75% at false positive rate of 10%.59
© 2014 John Wiley & Sons, Ltd.
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SAFETY OF ASPIRIN FOR THE FETUS
First trimester
The safety of ﬁrst-trimester use of low-dose aspirin has been
demonstrated in large cohort and case–control studies that
reported that the drug is not associated with increase in risk of
congenital heart defects or other structural or developmental
anomalies.60–63 Moreover, a very large case–control study did not
ﬁnd a signiﬁcant association between aspirin use and miscarriage
(adjusted OR ranging from 0.64 to 0.92 with 95% CI 0.34–1.38).
However, in the absence of large randomized trials that conﬁrm
the safety and demonstrate beneﬁt from the use of low-dose
aspirin started before conception or in very early pregnancy, it
would be advisable to postpone treatment until 8 weeks’ gestation,
when closure of the neural tube and major development of the
heart and great arteries have been completed.64

Third trimester
Potential risks associated with aspirin therapy during the third
trimester include premature closure of the ductus arteriosus
and hemorrhagic complications. Aspirin readily crosses the
placenta, and given near term, higher concentrations are
found in the neonate than in the mother.65,66
A randomized study of 40 women at a median gestational age
of 37 weeks demonstrated that the daily administration of
60–80 mg of aspirin selectively inhibits maternal platelet
cyclooxygenase without affecting neonatal platelet aggregation,
pulmonary arterial pressure and ductus arteriosus patency.67
Prospective and case–control studies did not ﬁnd an association
between daily consumption of 60–150 mg of aspirin during the
third trimester and prenatal closure of the ductus arteriosus.68–70
In regard to potential fetal hemorrhagic complications, the
inhibition of platelet thromboxane A2 formation has been
observed in the neonates of women taking 100 mg of aspirin
daily.71 At doses of 325–650 mg daily during the week before
delivery, aspirin may affect the clotting ability of the newborn,
and it has been suggested that aspirin is best avoided in the last
month of pregnancy.72,73 A meta-analysis including more than
26 000 women randomized to low-dose (60–150 mg) aspirin
versus placebo or no treatment demonstrated that the use of
aspirin during pregnancy was not associated with an increase
in intra-ventricular hemorrhage or other neonatal bleeding, but

most women received 100 mg or less.7 Most of the beneﬁcial
effects of aspirin are attained by 36 weeks, and a large proportion
of women would probably require dosage greater than
75–100 mg; consequently, administration of low-dose aspirin
should be stopped at 36 weeks to avoid any potential adverse
neonatal effects.

SAFETY OF ASPIRIN FOR THE MOTHER
A large population-based cohort study, involving 186 425
individuals being treated with low-dose aspirin and 186 425
matched controls without aspirin use, reported that aspirin
use was signiﬁcantly associated with an increased risk of
major gastrointestinal or cerebral bleeding episodes (5.58 vs
3.60 per 1000 person-years.74 Although such risk is small, we
believe that prophylactic administration of aspirin should
not be offered routinely, but such therapy should be reserved
for women at high risk of deep-placentation-related
disorders.

CONCLUSION
There is good evidence that in women at high risk for PE, it is safe
to take 80–150 mg of aspirin daily at bedtime; the treatment can
be initiated at 8–16 weeks’ gestation and continued into the third
trimester of pregnancy. Such treatment decreases the risk of the
severe and preterm forms of PE, as well as the risk of FGR,
preterm birth and perinatal death.

WHAT’S ALREADY KNOWN ABOUT THIS TOPIC?
• Low-dose aspirin taken during pregnancy is associated with a small
but signiﬁcant reduction in the risk of preeclampsia.

WHAT DOES THIS STUDY ADD?
• The risk of preeclampsia and other impaired-placentation-mediated
complications is reduced by half when treatment with low-dose
aspirin is started at 8–16 weeks’ gestation.
• The dose of 80 mg of low-dose aspirin daily or less may be
insufﬁcient for the prevention of preeclampsia in some women.
• The beneﬁcial effect of low-dose aspirin is optimized when the drug
is taken at bedtime.

REFERENCES
1. Magee LA, Helewa M, Moutquin JM, von Dadelszen P. Diagnosis,
evaluation, and management of the hypertensive disorders of
pregnancy. J Obstet Gynaecol Can 2008;30(3 Suppl):S1–48.
2. NICE Clinical Guideline. National Collaborating Centre for Women’s
and Children’s Health. Commissioned by the National Institute for
Health and Clinical Excellence. Hypertension in pregnancy: the
management of hypertensive disorders during pregnancy. CG107.
http://guidance.nice.org.uk/CG107. 2012.
3. Lowe SA, Brown MA, Dekker GA, et al. Guidelines for the management
of hypertensive disorders of pregnancy 2008. Aust N Z J Obstet Gynaecol
2009;49(3):242–6.
4. Goodlin RC, Haesslein HO, Fleming J. Aspirin for the treatment of
recurrent toxaemia. Lancet 1978;2(8079):51.

Prenatal Diagnosis 2014, 34, 642–648

5. Crandon AJ, Isherwood DM. Effect of aspirin on incidence of preeclampsia. Lancet 1979;1(8130):1356.
6. Beauﬁls M, Uzan S, Donsimoni R, Colau JC. Prevention of preeclampsia by early antiplatelet therapy. Lancet. 1985;1(8433): 840–2.
7. Duley L, Henderson-Smart DJ, Meher S, King JF. Antiplatelet agents for
preventing pre-eclampsia and its complications. Cochrane Database
Syst Rev 2007(2):CD004659.
8. Askie LM, Duley L, Henderson-Smart DJ, Stewart LA. Antiplatelet agents
for prevention of pre-eclampsia: a meta-analysis of individual patient
data. Lancet 2007;369(9575):1791–8.
9. Henderson JT, Whitlock EP, O’Connor E, et al. Low-dose aspirin for
prevention of morbidity and mortality from preeclampsia: a systematic
evidence review for the U.S. Preventive Services Task Force. Ann Intern
Med 2014.

© 2014 John Wiley & Sons, Ltd.

Aspirin for prevention of adverse pregnancy outcomes

10. Nicolaides KH. Turning the pyramid of prenatal care. Fetal Diagn Ther
2011;29(3):183–96.
11. Nicolaides KH. A model for a new pyramid of prenatal care based on the
11 to 13 weeks’ assessment. Prenat Diagn 2011;31(1):3–6.
12. Bujold E, Roberge S, Lacasse Y, et al. Prevention of preeclampsia and
intrauterine growth restriction with aspirin started in early pregnancy: a
meta-analysis. Obstet Gynecol 2010;116(2 Pt 1):402–14.
13. Roberge S, Nicolaides KH, Demers S, et al. Prevention of perinatal death
and adverse perinatal outcome using low-dose aspirin: a meta-analysis.
Ultrasound Obstet Gynecol 2013;41(5):491–9.
14. August P, Helseth G, Edersheim T, et al. Sustained release, low-dose
aspirin ameliorates but does not prevent preeclampsia (PE) in a high
risk population. Proceedings of 9th International Congress,
International Society for the Study of Hypertension; 1994 March 15–18;
Sydney, Australia: Hypertension in Pregnancy.
15. Azar R, Turpin D. Effect of antiplatelet therapy in women at high risk for
pregnancy-induced hypertension. Proceedings of 7th World Congress of
Hypertension in Pregnancy; 1990 October; Perugia, Italy.
16. Bakhti A, Vaiman D. Prevention of gravidic endothelial hypertension by
aspirin treatment administered from the 8th week of gestation.
Hypertens Res 2011;34(10):1116–20.
17. Benigni A, Gregorini G, Frusca T, et al. Effect of low-dose aspirin on fetal
and maternal generation of thromboxane by platelets in women at risk
for pregnancy-induced hypertension. N Engl J Med 1989;321(6):357–62.
18. Ebrashy A, Ibrahim M, Marzook A, Yousef D. Usefulness of aspirin
therapy in high-risk pregnant women with abnormal uterine artery
Doppler ultrasound at 14–16 weeks pregnancy: randomized controlled
clinical trial. Croat Med J 2005;46(5):826–31.
19. Hermida RC, Ayala DE, Iglesias M, et al. Time-dependent effects of lowdose aspirin administration on blood pressure in pregnant women.
Hypertension 1997;30(3 Pt 2):589–95.
20. Ayala DE, Ucieda R, Hermida RC. Chronotherapy with low-dose aspirin
for prevention of complications in pregnancy. Chronobiol Int 2013;30
(1–2):260–79.
21. Mesdaghinia E, Talari H, Abedzadeh-Kalahroudi M. Effect of aspirin for
prevention of preeclampsia in women with abnormal ultrasonic
ﬁndings in uterine artery. Feyz 2011;15(2):98–104.
22. Michael C, Walters B. Low-dose Aspirin in the Prevention of Preeclampsia: Current Evaluation. Parthenon Publishing Group Limited:
Carnforth, 1992.
23. Tulppala M, Marttunen M, Soderstrom-Anttila V, et al. Low-dose aspirin
in prevention of miscarriage in women with unexplained or
autoimmune related recurrent miscarriage: effect on prostacyclin and
thromboxane A2 production. Hum Reprod 1997;12(7):1567–72.
24. Vainio M, Kujansuu E, Iso-Mustajarvi M, Maenpaa J. Low dose
acetylsalicylic acid in prevention of pregnancy-induced hypertension
and intrauterine growth retardation in women with bilateral uterine
artery notches. BJOG 2002;109(2):161–7.
25. Villa PM, Kajantie E, Raikkonen K, et al. Aspirin in the prevention of preeclampsia in high-risk women: a randomised placebo-controlled
PREDO Trial and a meta-analysis of randomised trials. BJOG 2013;120
(1):64–74.
26. Roberge S, Villa P, Nicolaides K, et al. Early administration of low-dose
aspirin for the prevention of preterm and term preeclampsia: a
systematic review and meta-analysis. Fetal Diagn Ther 2012;31(3):141–6.
27. Roberge S, Giguere Y, Villa P, et al. Early administration of low-dose
aspirin for the prevention of severe and mild preeclampsia: a systematic
review and meta-analysis. Am J Perinatol 2012;29(7):551–6.
28. Collaborative Low-dose Aspirin Study in Pregnancy (Collaborative
Group CLASP). CLASP: a randomised trial of low-dose aspirin for the
prevention and treatment of pre-eclampsia among 9364 pregnant
women. Lancet 1994;343:619–29.
29. Moldenhauer JS, Stanek J, Warshak C, et al. The frequency and severity
of placental ﬁndings in women with preeclampsia are gestational age
dependent. Am J Obstet Gynecol 2003;189(4):1173–7.
30. Sebire NJ, Goldin RD, Regan L. Term preeclampsia is associated with
minimal histopathological placental features regardless of clinical
severity. J Obstet Gynaecol 2005;25(2):117–8.
31. Poon LC, Volpe N, Muto B, et al. Second-trimester uterine artery Doppler
in the prediction of stillbirths. Fetal Diagn Ther 2013;33(1):28–35.
32. Kim YM, Bujold E, Chaiworapongsa T, et al. Failure of physiologic
transformation of the spiral arteries in patients with preterm labor and
intact membranes. Am J Obstet Gynecol 2003;189(4):1063–9.

Prenatal Diagnosis 2014, 34, 642–648

647

33. Kim YM, Chaiworapongsa T, Gomez R, et al. Failure of physiologic
transformation of the spiral arteries in the placental bed in preterm
premature rupture of membranes. Am J Obstet Gynecol 2002;187
(5):1137–42.
34. Bujold E, Roberge S, Tapp S, Giguere Y. Opinion & hypothesis could
early aspirin prophylaxis prevent against preterm birth? The journal of
maternal-fetal & neonatal medicine: the ofﬁcial journal of the European
Association of Perinatal Medicine, the Federation of Asia and Oceania
Perinatal Societies, the International Society of Perinatal Obstet 2011;24
(7):966–7.
35. Lewis RB, Schulman JD. Inﬂuence of acetylsalicylic acid, an inhibitor of
prostaglandin synthesis, on the duration of human gestation and
labour. Lancet 1973;2(7839):1159–61.
36. Sibai BM, Caritis SN, Thom E, et al. Prevention of preeclampsia with
low-dose aspirin in healthy, nulliparous pregnant women. The National
Institute of Child Health and Human Development Network of
Maternal-Fetal Medicine Units. N Engl J Med 1993;329(17):1213–8.
37. Pijnenborg R, Dixon G, Robertson WB, Brosens I. Trophoblastic
invasion of human decidua from 8 to 18 weeks of pregnancy. Placenta
1980;1(1):3–19.
38. Brosens I, Pijnenborg R, Vercruysse L, Romero R. The “great obstetrical
syndromes” are associated with disorders of deep placentation. Am J
Obstet Gynecol 2011;204(3):193–201.
39. da Silva Costa F, Panagodage S, Brennecke S, Murthi P. Low-dose
aspirin improves trophoblastic function in early-onset pre-eclampsia.
34th Annual Meeting of the Society for Maternal-Fetal Medicine The
Pregnancy Meeting; 2014; New Orleans, Louisiana.
40. Jamal A, Milani F, Al-Yasin A. Evaluation of the effect of metformin and
aspirin on utero placental circulation of pregnant women with PCOS.
Iran J Reprod Med 2012;10(3):265–70.
41. Turan O, Block-Abraham D, Doyle L, et al. Starting aspirin (ASA) in the
ﬁrst trimester (T1) promotes placental invasion in low-risk pregnancy.
34th Annual Meeting of the Society for Maternal-Fetal Medicine The
Pregnancy Meeting; 2014; New Orleans, Louisiana.
42. Masotti G, Galanti G, Poggesi L, et al. Differential inhibition of
prostacyclin production and platelet aggregation by aspirin. Lancet
1979;2(8154):1213–7.
43. Walsh SW, Wang Y, Kay HH, McCoy MC. Low-dose aspirin inhibits lipid
peroxides and thromboxane but not prostacyclin in pregnant women.
Am J Obstet Gynecol [Research Support, U.S. Gov’t, P.H.S.]. 1992;167(4
Pt 1):926–30.
44. Wang Y, Walsh SW. Placental mitochondria as a source of oxidative
stress in pre-eclampsia. Placenta 1998;19(8):581–6.
45. Dumont A, Flahault A, Beauﬁls M, et al. Effect of aspirin in pregnant
women is dependent on increase in bleeding time. Am J Obstet Gynecol
1999;180(1 Pt 1):135–40.
46. Wojtowicz A, Undas A, Huras H, et al. Aspirin resistance may be
associated with adverse pregnancy outcomes. Neuro Endocrinol Lett
2011;32(3):334–9.
47. Caron N, Rivard GE, Michon N, et al. Low-dose ASA response using the
PFA-100 in women with high-risk pregnancy. J Obstet Gynaecol Can
2009;31(11):1022–7.
48. Homoncik M, Jilma B, Hergovich N, et al. Monitoring of aspirin (ASA)
pharmacodynamics with the platelet function analyzer PFA-100.
Thromb Haemost 2000;83(2):316–21.
49. Rey E, Rivard GE. Is testing for aspirin response worthwhile in high-risk
pregnancy? Eur J Obstet Gynecol Reprod Biol 2011;157(1):38–42.
50. Cohen HW, Crandall JP, Hailpern SM, Billett HH. Aspirin resistance
associated with HbA1c and obesity in diabetic patients. J Diabetes
Complications 2008;22(3):224–8.
51. Fitzgerald R, Pirmohamed M. Aspirin resistance: effect of clinical,
biochemical and genetic factors. Pharmacol Ther 2011;130(2):213–25.
52. Cantu J, Biggio J, Jauk V, et al. Timing of initiation of low-dose aspirin
therapy and preeclampsia prevention in high-risk women. 33th Annual
Meeting of the Society for Maternal-Fetal Medicine The Pregnancy
Meeting; 2013; San Francisco, Ca.
53. Hermida RC, Ayala DE, Fernandez JR, et al. Administration timedependent effects of aspirin in women at differing risk for preeclampsia.
Hypertension 1999;34(4 Pt 2):1016–23.
54. Groeneveld E, Broeze KA, Lambers MJ, et al. Is aspirin effective in
women undergoing in vitro fertilization (IVF)? Results from an
individual patient data meta-analysis (IPD MA). Hum Reprod Update
2011;17(4):501–9.

© 2014 John Wiley & Sons, Ltd.

648

55. Groeneveld E, Lambers MJ, Lambalk CB, et al. Preconceptional lowdose aspirin for the prevention of hypertensive pregnancy
complications and preterm delivery after IVF: a meta-analysis with
individual patient data. Hum Reprod 2013;28(6):1480–8.
56. Haapsamo M, Martikainen H, Tinkanen H, et al. Low-dose aspirin
therapy and hypertensive pregnancy complications in unselected IVF
and ICSI patients: a randomized, placebo-controlled, double-blind
study. Hum Reprod 2010;25(12):2972–7.
57. Lambers MJ, Groeneveld E, Hoozemans DA, et al. Lower incidence of
hypertensive complications during pregnancy in patients treated with
low-dose aspirin during in vitro fertilization and early pregnancy. Hum
Reprod 2009;24(10):2447–50.
58. Kaandorp SP, Goddijn M, van der Post JA, et al. Aspirin plus heparin or
aspirin alone in women with recurrent miscarriage. N Engl J Med
2010;362(17):1586–96.
59. Poon LC, Nicolaides KH. First-trimester maternal factors and biomarker
screening for preeclampsia. Prenat Diagn in press.
60. Slone D, Siskind V, Heinonen OP, et al. Aspirin and congenital
malformations. Lancet 1976;1(7974):1373–5.
61. Werler MM, Mitchell AA, Shapiro S. The relation of aspirin use during
the ﬁrst trimester of pregnancy to congenital cardiac defects. N Engl J
Med 1989;321(24):1639–42.
62. Norgard B, Puho E, Czeizel AE, et al. Aspirin use during early pregnancy
and the risk of congenital abnormalities: a population-based case–
control study. Am J Obstet Gynecol 2005;192(3):922–3.
63. Klebanoff MA, Berendes HW. Aspirin exposure during the ﬁrst 20 weeks
of gestation and IQ at four years of age. Teratology 1988;37(3):249–55.
64. Hernandez RK, Werler MM, Romitti P, et al. Nonsteroidal
antiinﬂammatory drug use among women and the risk of birth defects.
Am J Obstet Gynecol 2012;206(3):228 e.1–8.

Prenatal Diagnosis 2014, 34, 642–648

E. Bujold et al.

65. Levy G, Procknal JA, Garrettson LK. Distribution of salicylate between
neonatal and maternal serum at diffusion equilibrium. Clin Pharmacol
Ther 1975;18(2):210–4.
66. Levy G, Garrettson LK. Kinetics of salicylate elimination by newborn
infants of mothers who ingested aspirin before delivery. Pediatrics
1974;53(2):201–10.
67. Sibai BM, Mirro R, Chesney CM, Lefﬂer C. Low-dose aspirin in
pregnancy. Obstet Gynecol 1989;74:551–7.
68. Schiessl B, Schneider KT, Zimmermann A, et al. Prenatal constriction of
the fetal ductus arteriosus--related to maternal pain medication? Z
Geburtshilfe Neonatol 2005;209(2):65–8.
69. Wyatt-Ashmead J. Antenatal closure of the ductus arteriosus and
hydrops fetalis. Pediatr Dev Pathol 2011;14(6):469–74.
70. Di Sessa TG, Moretti ML, Khoury A, et al. Cardiac function in fetuses
and newborns exposed to low-dose aspirin during pregnancy. Am J
Obstet Gynecol 1994;171(4):892–900.
71. Leonhardt A, Bernert S, Watzer B, Schmitz-Ziegler G, Seyberth HW.
Low-dose aspirin in pregnancy: maternal and neonatal aspirin
concentrations and neonatal prostanoid formation. Pediatrics 2003;111:
e77–81.
72. Bleyer WA, Breckenridge RT. Studies on the detection of adverse drug
reactions in the newborn. II. The effects of prenatal aspirin on newborn
hemostasis. JAMA 1970;213(12):2049–53.
73. Corby DG, Schulman I. The effects of antenatal drug administration
on aggregation of platelets of newborn infants. J Pediatr 1971;79
(2):307–13.
74. De Berardis G, Lucisano G, D’Ettorre A, et al. Association of aspirin use
with major bleeding in patients with and without diabetes. JAMA
2012;307(21):2286–94.

© 2014 John Wiley & Sons, Ltd.

