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1. Purpose and scope

Over the last 5 years, there has been a large increase in the use of aspirin and low-molecular-weight
heparin (LMWH) to attempt to prevent pregnancy loss. Until recently, robust clinical evidence to
examine this practice was lacking. In 2009, a Cochrane review of anticoagulants for non-
antiphospholipid recurrent pregnancy loss indentified only two studies of 189 women. Neither study
showed a benefit of one treatment over another. The Cochrane review concluded that there was no
evidence for this practice and identified the urgent need for further trials.1 Furthermore, even in the case
of antiphospholipid syndrome (APS)-associated pregnancy loss, no benefit was found in an analysis of
three trials of aspirin compared with placebo.2 The purpose of this opinion paper is to discuss the
rationale behind the use of antithrombotics in women with recurrent pregnancy loss. 

2. Background and introduction

Recurrent pregnancy loss has several definitions. In this paper the definition used is ‘the occurrence of
three or more consecutive pregnancies that end in miscarriage of the fetus before 20 weeks of gestation’.
Recurrent pregnancy loss affects about 0.34% of women who become pregnant. Approximately 15% of
all clinically recognisable pregnancies end in pregnancy loss,3 with three or more losses affecting 1–2%
of women of reproductive age and two or more losses affecting around 5%.4 Despite extensive
investigation of women with three or more miscarriages,5 the cause of recurrent pregnancy loss remains
unknown in the majority of women.5

Up to 15–20% of women with recurrent pregnancy loss have antiphospholipid antibodies (aPL). A
significant difference in pregnancy outcomes was reported by Rai et al. in 1997 in a cohort of women with
aPL when treated with low-dose aspirin and unfractionated heparin compared with low-dose aspirin
alone in those with pregnancy losses before 13 weeks of gestation.6 Interestingly, no difference was noted
in pregnancies that advanced beyond 13 weeks of gestation. However, a similar study by Farquharson et
al. of 98 women treated with LMWH instead of unfractionated heparin showed no statistically significant
improvement in pregnancy outcome with the addition of LMWH.7 Neither the study by Rai et al. nor that
of Farquharson et al. included a no-treatment arm.6,7 In 2005, Empson led a systematic Cochrane review
which concluded that the quality of studies in women with recurrent pregnancy loss and aPL was not
high; in particular, there was no allocation concealment.2 The authors’ conclusion that there may be a
54% absolute risk reduction in pregnancy loss in women treated with unfractionated heparin and aspirin
was not based on the Farquharson et al. trial that used LMWH.2 In addition, the authors concluded that
aspirin alone, compared with placebo, did not improve live birth rates.2

3. Pathophysiology of recurrent pregnancy loss

3.1 Antiphospholipid antibodies

The concept of using antithrombotics for managing recurrent pregnancy loss stems from the data around
APS. One of the many targets of aPL is the placenta. The major histopathological findings in the placenta
of aPL-positive women are thrombosis, acute atherosis, a decreased number of synctiovascular
membranes, increased numbers of syncytial knots and obliterative arteriopathy.8 These findings are not
specific to APS and do not always correlate with fetal outcome. 

The mechanism by which aPL causes damage to the placenta has not been clarified. Originally, it was
attributed to a direct effect on haemostasis. However, in vitro studies have shown that aPL have a direct
effect on trophoblast cell function, specifically differentiation, apoptosis, invasion and migration.9–12
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An elegant mouse model of obstetric APS has suggested that complement activation mediates the effect
of aPL. Moreover, in this model, heparin (which is known to have an anticomplement effect in both mice
and humans) blocked activation of complement and prevented pregnancy loss.13 As yet, there are no data
from human studies to address whether these intriguing findings are applicable to humans.

The clinical phenotype of APS varies widely, suggesting that different women have different types and
quantities of aPL. The best predictor of pregnancy outcome in women with aPL is past obstetric history.
Current practice is to individualise treatment depending on mode of presentation, previous pregnancy
outcomes and history of venous or arterial thrombotic events. 

3.2 Inherited thrombophilia

Publications suggesting that heparin and aspirin reduced pregnancy loss in women with aPL led others
to hypothesise that women with inherited thrombophilia may also be subject to recurrent pregnancy loss.
The European Prospective Cohort on Thrombophilia identified a group of 1384 women positive for
thrombophilia who showed an increased risk of miscarriage (defined as loss up to 28 weeks of gestation)
(OR 1.35, 95% CI 1.01–1.82) and a greater increased risk of stillbirth (defined as loss after 28 weeks of
gestation) (OR 3.6, 95% CI 1.4–94).14 Subsequent studies have confirmed the relationship with second-
and third-trimester losses, and a slightly increased risk of first-trimester losses for some of the
thrombophilias.15,16 The presumption is that the inherited thrombophilias, like aPL, predispose to
placental vasculopathy. However, how they might cause increased first-trimester loss through a
thrombotic mechanism is uncertain. 

It is recognised that a thrombophilia screen is positive in only approximately 60% of those patients with
both personal and family history of venous thromboembolism, suggesting that there remain unidentified
inherited thrombophilias. One group has used thromboelastography and showed that a group with a
history of miscarriage had a more prothrombotic trace than those without.17 Does this study suggest that
there might be other as yet unidentified thrombophilias related to pregnancy loss? More studies are
required to confirm the association before a conclusion can be reached.

It seems that a practice of routinely giving LMWH and aspirin to these women has developed as a
consequence of these studies, the weak association between thrombophilia and pregnancy loss and the
lack of any other treatment to offer women with recurrent pregnancy loss,.

4. Recent randomised controlled trials in recurrent pregnancy loss

The publication of four well conducted randomised controlled trials in the UK,18 the Netherlands,19

Finland20 and Canada21 has provided valuable new data. Two of the studies recruited women with a
history of only two or more idiopathic pregnancy losses at enrolment (SPIN18 and ALIFE19); in the SPIN
study, women subsequently found to have a thrombophilia were not excluded.18 The SPIN study
compared LMWH (enoxaparin), low-dose aspirin and intensive surveillance with intensive surveillance
alone in 294 women who were recruited at less than 7 weeks of gestation.18 There was no reduction in
pregnancy losses with antithrombotic intervention. Kaandorp et al. randomised 364 women who were
attempting to conceive into three groups: low-dose aspirin and LMWH (nadroparin), low-dose aspirin
alone or placebo.19 Pregnancy was achieved in 299 women and 197 women had a live birth (65.9% of
those who became pregnant). The live birth rate did not differ statistically between the three study
groups. In addition, the live birth rate in the placebo group (67%) was higher than that in the low-dose
aspirin group (62%); however, this potentially deleterious effect of aspirin in causing miscarriage
(absolute risk difference 5.2, 95% CI 1.8–7.8) did not reach statistical significance.19

The HABENOX trial was a randomised double-blind multicentre trial on 207 women with three or
more consecutive first-trimester miscarriages (at less than 13 weeks of gestation), two or more second-
trimester miscarriages (at 13–24 weeks of gestation) or one third-trimester fetal loss combined with one
first-trimester miscarriage.20 The live birth rate was 71% (RR 1.17, 95% CI 0.92–1.48) for enoxaparin
and placebo and 65% (RR 1.08, 95% CI 0.83–1.39) for enoxaparin and aspirin compared with aspirin
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alone (61%).20 However this trial was ended prematurely because of slow recruitment.20 Thus, there are
now three placebo-controlled trials in women with idiopathic recurrent pregnancy loss that show no
benefit from antithrombotic treatment. 

Thrombophilias have been associated with recurrent pregnancy loss, although the incidences in the
control, general and recurrent pregnancy loss populations vary hugely. There is a lack of data for
pregnancy outcomes with individual coagulation abnormalities and as a result treatment varies widely.
In women with previous thromboembolic disease, LMWH is often used in pregnancy to prevent
maternal thrombosis. In women who have had a previous pregnancy loss, aspirin and LMWH are
increasingly used with the aim of preventing both pregnancy loss and maternal thrombosis. The HepASA
trial recruited women with a history of two or more pregnancy losses and at least one of the following:
aPL, an inherited thrombophilia and/or antinuclear antibody.21 Out of the 859 women who were
screened, 88 became pregnant and were randomised to receive low-dose aspirin and LMWH (dalteparin)
or low-dose aspirin alone. There were no differences in the live birth rate between the two groups
(77.8% versus 79.1%).21 The HepASA trial did not have a no-therapeutic treatment arm, as was present
in both the SPIN18 and Netherlands19 trials. The SPIN, ALIFE and HABENOX trials also included
women with inherited thrombophilias, and the subset analyses of these found no benefit from either low-
dose aspirin or low-dose aspirin and LMWH above absence of pharmaceutical treatment in these
women.19,20

5. Therapeutic effects of heparin

In vitro studies of the effect of heparin on trophoblast function have demonstrated varying results:
heparin reversed the in vitro effect of aPL in supra-therapeutic doses;10 supra-therapeutic doses of
unfractionated heparin inhibited trophoblast apoptosis;22 at therapeutic doses, unfractionated heparin
promoted but LMWH inhibited trophoblast differentiation;23 and both unfractionated heparin and
LMWH inhibited trophoblast invasion.24 Hence, in vitro studies do not support a role for heparin in
improving trophoblast development in the absence of APS.

In normally developing pregnancies, intervillous blood flow starts only between 8 and 12 weeks of
gestation and is consistently present only from 12 weeks of gestation.25 Hence, the end of the first
trimester is characterised by a progressive increase in blood flow, oxygenation and oxidative stress.26

First-trimester miscarriage has been characterised by early and excessive placental blood flow.26 Thus, in
this biological framework it is unlikely that thrombosis leading to a reduction in blood loss is a
contributory factor in early pregnancy loss and that prevention of thrombosis will prevent early
pregnancy loss. 

A key issue for clinical studies is that most studies include losses up to 20 weeks of gestation, although
the definition of fetal loss varies. This means that studies may contain women with losses attributable to
two different mechanisms. Before 10–12 weeks of gestation there is no intervillous blood flow; until
then, respiration and nutrition are by passive transfer across tissues. Some might argue that such
distinctions ignore the reality that embryo–fetal development is truly a continuum. However, contrary to
the continuum paradigm, there are clear milestones in development, and the 10–12-week mark is one of
these. Thus, ‘thrombosis of the placenta’ as a cause of fetal loss can be ascribed only to losses after the
initiation of blood flow at 10–12 weeks of gestation. Moreover, as the majority of trials of recurrent
pregnancy loss contain women with pregnancy losses before 12 weeks of gestation, the effect of heparin
and aspirin is not being properly assessed in those with losses after 12 weeks of gestation; that is, in the
second trimester. There is evidence from two pilot trials of LMWH that the use of antithrombotics may
be effective in preventing placental thrombosis after 12 weeks of gestation.27,28 In support of the concept
of a gestation-specific effect of antithrombotic treatment on pregnancy loss is the finding that low-dose
aspirin has a moderate effect at preventing pre-eclampsia in the second and third trimesters.29
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6. Opinion

Four recent randomised controlled trials including women with two or more pregnancy losses have failed
to demonstrate any improvement in pregnancy outcome in women with idiopathic recurrent pregnancy
loss with low-dose aspirin with or without LMWH. The trials are underpowered to confirm or refute an
effect in women with three or more losses or those with thrombophilia, although in all trials post hoc
subgroup analyses for these factors showed no trend in terms of benefit. These findings are important,
as they indicate that the empirical administration of heparin and aspirin in recurrent pregnancy loss
should discontinue. The only place for heparin and aspirin in the prevention of pregnancy loss in the
absence of APS is in well conducted randomised controlled trials of high-risk women. However, in the
case of APS and recurrent pregnancy loss, aspirin and heparin are still recommended.

The use of antithrombotic therapy in women with recurrent pregnancy loss in the second trimester is
biologically plausible. Future clinical trials should test this by separate analysis and/or recruitment to
either recurrent first-trimester loss or second-trimester loss trials in view of the probable different
mechanisms by which these losses occur.

The other broader implication of these recent trials is that non-thrombotic mechanisms for treatment of
recurrent first-trimester pregnancy loss should be sought.
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APPENDIX 1

Glossary/definitions used in this report

Antiphospholipid antibodies (aPL)

The persisting presence of either a lupus anticoagulant and/or anticardiolipin antibody and/or antibodies
to beta-2 glycoprotein I on separate occasions more than 8–12 weeks apart. 

Antiphospholipid syndrome (APS)

The association of arterial and/or venous thrombosis and/or specific pregnancy-related morbidity with
antiphospholipid antibodies. The specific obstetric morbidity includes:

● unexplained recurrent first-trimester loss
● second- or third-trimester loss with no other explanation
● evidence of placental dysfunction: pre-eclampsia and placental abruption before 34 weeks of

gestation, fetal growth restriction.

The term obstetric APS is often used for those with previous obstetric problems as described above and
persisting aPL. The term thrombotic APS is used for those with previous thrombosis and persisting aPL.

Recurrent pregnancy loss

Habitual abortion, recurrent miscarriage or recurrent pregnancy loss is the occurrence of repeated (three
or more consecutive) pregnancies that end in miscarriage of the fetus before 20 weeks of gestation.
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The review process will commence in 2014 unless otherwise indicated.
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