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Summary: New anticoagulants such as direct factor Xa inhibitors and direct thrombin inhibitors have been recently developed,

but their experience in pregnancy is limited. This review therefore aims to systematically search for studies on the use of these newer

anticoagulants in pregnancy and the puerperal period. Searches were performed on electronic databases MEDLINE (from 1966),

EMBASE (from 1974) and the Cochrane Library, until October 2011 using terms of ‘pregnancy’, ‘puerperium’, ‘breastfeeding’ and

names of specific anticoagulants. The search yielded 561 citations and 11 studies (10 on fondaparinux, 1 on ximelagatran) were

included. Newer anticoagulants (fondaparinux, hirudin and argatroban) on the limited evidence appear not to have adverse

pregnancy outcomes, but there is currently no experience of new oral anticoagulants (rivaroxaban, apixaban, betrixaban or

dabigatran) use in pregnancy. There is a need for reporting on new oral anticoagulation use in pregnancy to provide more

information about the safety and risks to the fetus in utero.
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INTRODUCTION

Anticoagulants (ACs) are commonly used in pregnancy for pre-
vention and management of thrombotic problems. Pregnancy
itself is a physiological procoagulant state and increases the
risk of thrombosis. Venous thromboembolism (VTE) remains
an important cause of maternal morbidity and mortality
although in recent years there has been a decline of maternal
deaths associated with VTE, likely due to better recognition
of women at risk, and increasing use of thromboprophylaxis
in this group of women.1

The main therapeutic agent recommended for use in the pre-
vention and treatment of VTE in pregnancy is low molecular
weight heparin (LMWH),2,3 which has largely replaced stan-
dard, unfractionated heparin (UFH). Neither of these agents
cross the placenta and are safe in pregnancy.4 However,
heparin therapy could result in adverse reactions such as
heparin-induced thrombocytopaenia (HIT) – an immune reac-
tion where antibodies are developed against complexes of
platelet factor 4 and heparin on platelet surfaces (anti-HP4 anti-
bodies), leading to a platelet count fall of .50% and thrombotic
complications, cutaneous reactions ranging from a local rash at
the injection site to disseminated plaques, or osteopaenia.3 – 5

When these occur, alternative forms of ACs are required.
Highly effective and established ACs are vitamin K antagon-

ists (VKA) such as warfarin, but these cross the placenta and
anticoagulate the fetus. They are best avoided in pregnancy
due to their association with adverse pregnancy outcomes
including miscarriage, prematurity, lower birth weight,

neurodevelopmental problems and fetal bleeding, as well as a
risk of major birth defects with first trimester exposure.2,6

Furthermore, VKA have a slow onset of action, have multiple
food and drug interactions and require monitoring due to
genetic variations in metabolism.7 Other available forms of
anticoagulation include danaparoid, a low molecular weight
heparinoid.2 Danaparoid neither crosses the placenta nor is
secreted in breast milk and thus is theoretically safe in preg-
nancy.8 The quest for the ideal form of anticoagulation with
rapid onset, preferably not parenterally administered, stable
pharmacokinetic and pharmacodynamic properties, leading to
less interaction with other drugs or food, and less need for con-
stant monitoring, has led to the development of new ACs. The
major classes of new ACs are direct factor Xa inhibitors and
direct thrombin inhibitors (DTIs). These have different mechan-
isms of action from the heparins and VKA. Factor Xa appears to
be a good target as it is positioned in the convergence of the
extrinsic and intrinsic pathways of coagulation. When acti-
vated, one molecule of factor Xa generates more than 1000
thrombin molecules.9 Thrombin (factor II) is also a logical
target as it converts fibrinogen to fibrin and amplifies its own
generation by feedback activation of factors V, VIII and IX.9

Thus, inhibition of factor Xa and/or thrombin would have an
anticoagulation effect by reducing thrombin generation and
interaction, and fibrin formation (Figure 1).

Fondaparinux, the first selective factor Xa inhibitor, is a syn-
thetic analogue of the antithrombin-binding pentasaccharide
which interacts with antithrombin and factor Xa for anticoagu-
lant effects. It is licensed for use in the treatment and prevention
of VTE outside of pregnancy.10 Its effectiveness paved the way
in the development of a direct Factor Xa inhibitor. Fondapari-
nux, like the heparins, is administered by subcutaneous
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injections, which is inconvenient for long-term use. The new
direct factor Xa inhibitors such as rivaroxaban, apixaban
and betrixaban are administered orally, which is a significant
advantage. These are currently being introduced to practice fol-
lowing clinical trials with good efficacy similar to the heparins.

Recombinant hirudin (lepirudin) and argatroban were the
initial DTIs manufactured and licensed for prophylaxis or treat-
ment of thrombosis in patients diagnosed with HIT.11 Both
these are administered parenterally. The first oral DTI was
ximelagatran, which was launched for use in the prophylaxis
of VTE after extensive phase III trials (METHRO III, EXPRESS
trial, EXULT-A and B).12 Unfortunately, this was quickly fol-
lowed by its withdrawal due to potential hepatotoxicity.13

Nevertheless, the efficacy of ximelagatran allowed for the
development of further DTIs such as dabigatran, which is cur-
rently being evaluated in clinical trials.12

The evaluation of these new oral ACs have mostly been in the
thromboprophylaxis and treatment of VTE after orthopaedic
surgery, and medical uses such as treatment of acute coronary
syndrome (ACS), or the prevention of stroke in atrial fibrillation
(AF) and with mechanical heart valves.12,14,15 To date, most
trials have shown that these newer ACs have efficacy similar
to LMWH or warfarin.12,14,15 The experience and use of these
new ACs for prophylaxis or treatment of VTE in pregnancy
is, however, limited, and needs to be investigated as the
benefit and use of any medication in pregnancy is balanced
by the potential risk of fetal toxicity particularly as orally
active agents usually cross the placenta .

This review therefore aims to systematically search for all
published studies or case reports on the use of these newer
ACs, either for prophylactic or therapeutic purposes, in
women who are pregnant or who are in the immediate post-
natal period. Apart from assessing the number of cases
reported, the indication, method for dose monitoring in preg-
nancy if relevant, special requirements for regional anaesthesia,
pregnancy outcomes and complications secondary to these
anticoagulants use will also be assessed.

METHODS

A systematic review of newer AC use in pregnancy was per-
formed by searching the electronic databases MEDLINE
(from 1966), EMBASE (from 1974) and the Cochrane
Library up to October 2011. Searches in the Cochrane Library
include the Cochrane Database of Systematic Reviews

(Cochrane reviews), Database of Abstracts of Reviews of
Effects (other reviews), Cochrane Central Register of
Controlled Trials (clinical trials), Health Technology
Assessment Database (technology assessments) and NHS
Economic Evaluation Database (economic evaluations). The
search was undertaken by the Royal Society of Medicine with
the use of an automatic duplicate checker to remove duplicate
records retrieved from different databases. The search included
terms of ‘new anticoagulants’, ‘pregnancy’, ‘puerperium’ and
‘breastfeeding’. The MeSH terms ‘pregnancy’, ‘pregnancy com-
plications’, ‘postpartum period’, ‘puerperal disorders’, ‘lacta-
tion’, ‘lactation disorders’ and ‘venous thrombosis’ were
exploded to include all relevant citations. The ACs searched
were ‘fondaparinux’, ‘dabigatran’, ‘flovagatran’, ‘pegmusiru-
din’, ‘ximelagatran’, ‘melagatran’, ‘rivaroxaban’, ‘apixaban’,
‘betrixaban’, ‘eribaxaban’, ‘idraparinux’, ‘idrabiotaparinux’
and ‘otamixaban’. The references of full text articles retrieved
were also reviewed for relevant studies. Subsequently, the clini-
cal trial registers were searched to assess if pregnancy was an
inclusion or exclusion criteria of recruitment into randomized
controlled trials (RCT) of these new ACs.

All citations reporting on the use of new ACs in pregnancy,
breastfeeding and postnatal period (up to 6 weeks) for throm-
boprophylaxis or treatment of VTE were considered relevant
for this review. This included clinical trials, case reports,
letters, abstracts and review articles. Publications that were
reporting on new AC use outside of pregnancy, clinical trials
of new ACs where pregnancy and breastfeeding were exclusion
criteria, and review articles with no examples of new AC use in
pregnancy were excluded from the review. The selection
process of the included citations is shown in Figure 2.

Information on the experience of AC use was recorded. This
included the type of AC used, the indication for use, previous
AC use and reasons for switching, dose requirement in the
antenatal, intrapartum and postnatal period, the need for moni-
toring in pregnancy, precautions taken for regional anaesthesia,
the pregnancy outcome, complications of bleeding or adverse
reactions and issues surrounding breastfeeding. It was antici-
pated that the majority of included citations would be case
reports and thus no pooling of results was planned, and
results were tabulated.

RESULTS

The search yielded 561 citations, of which 432 were excluded
after reading the abstracts (Figure 2). Clinical trials register
were then assessed to exclude trials published in the
Cochrane library where the exclusion criteria were women
who were pregnant or breastfeeding. This excluded 59 citations.
Full text articles were retrieved for 70 citations for in-depth
analysis. A review of the reference lists of these articles added
another four relevant citations.16 – 19 From these, 63 citations
were excluded for the reasons listed in Figure 2. There were
10 trials in the Cochrane database that were not relevant, two
letters20,21 were excluded as they were responses to a published
case report,22 three17,19,23 reported on women who were not
pregnant and another 48 were review articles on new ACs
with no description of new cases not already included in the
search. In total, 11 articles were included in this review. There
were 10 publications on fondaparinux use (24 pregnancies),
and one reported on a study of excretion of ximelagatran in
breast milk. There were no reports of the use of other selective

Figure 1 Mechanisms of action of the newer oral anticoagulants
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Xa inhibitor administered parenterally such as idraparinux and
idrabiotaparinux, or any new oral ACs such as rivaroxaban,
apixaban or dabigatran in pregnancy or the puerperium.

There were 10 publications which reported the use of fonda-
parinux in 24 pregnant women. Of these, seven were for throm-
boprophylaxis for previous VTE and other medical conditions
at risk of thrombosis such as thrombophilia or antiphospholipid
syndrome (APS)16,22,24 – 28 (Table 1), and three were for treat-
ment of VTE18,29,30 (Table 2). The commonly used dose for
thromboprophylaxis was 2.5 mg once daily. All used fondapar-
inux as an alternative AC in women who had previously devel-
oped skin reactions to UFH or LMWH. The largest case series of
10 women was published by Knol et al.28 They reported that
three women had an estimated blood loss of greater than
1000 mL at delivery, but no blood transfusion was required.
Apart from these cases, there were no other reports of bleeding
complications. The majority of the cases reported stopping fon-
daparinux at least 24 hours prior to regional anaesthesia with
no problems. The half-life of fondaparinux is 17–24 hours.
There was one case of preterm emergency caesarean section
at 34/40 gestation for intrauterine growth restriction (IUGR),26

but this woman was known to have both systemic lupus erythe-
matosis and APS, which could have accounted for the observed
growth restriction. All other publications reported the delivery
of a healthy baby at term, or reported that there were no
adverse pregnancy outcomes. The commonly used treatment
dose of fondaparinux was 7.5 mg once daily (Table 2). In
two cases,29,30 fondaparinux was prescribed as the women
were confirmed to have HIT with the presence of antiplate-
let–heparin binding antibodies and anticoagulation was
needed for treatment of pulmonary embolism. In all cases,

fondaparinux was stopped 24 hours prior to regional anaesthe-
sia and there were no reported pregnancy complications.

One study examined the excretion of ximelagatran in breast-
milk published in 200531 before the risk of hepatotoxicity with
ximelagatran was confirmed and the drug withdrawn from the
market. This study showed only trace amounts of ximelagatran
and its intermediates in breast milk 72 hours after oral intake
and concluded that exposure of breast-fed babies to this drug
was not of clinical concern.

There were no published case reports of newer oral AC use
such as rivaroxaban, apixaban, betrixaban or dabigatran, in
pregnancy or the puerperium.

DISCUSSION

The new oral ACs have significant advantages over the hepar-
ins and VKA, with reduced need for monitoring and being
available as oral preparations. However, the experience and
safety in pregnancy is currently unknown with no report of
use in pregnancy or the puerperium. These oral ACs are
mostly in advanced stages of development and clinical trials
in the prophylaxis and treatment of VTE in orthopaedic
surgery patients and medical patients for prevention of stroke
in AF or secondary prevention for patients with ACS.12,14,15

Due to the unknown risk of these medications in pregnancy
and puerperium and the likelihood of them crossing the pla-
centa, pregnancy testing may be needed prior to prescribing
these ACs, and women should be on effective contraception
while on these drugs. In view of the lack of pregnancy data,
it would be inappropriate to include women who are pregnant

Figure 2 Selection process of included citations
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or breastfeeding in clinical trials. Thus, it was not surprising
that clinical trials of selective Xa inhibitors such as Equinox
and MATISSE, Factor Xa inhibitors such as EXPLORE Xa,
ODIXa, Botticelli and Einstein, and DTI trials such as
RECOVER have all excluded women who were at risk of
getting pregnant, were pregnant or were breastfeeding (www.
clinicaltrials.org.uk).

Currently, alternative ACs include danaparoid, hirudin, arga-
troban and fondaparinux which are not licensed for use in preg-
nancy. There is currently limited evidence of their safety.
Danaparoid is a heparinoid with both anti-Xa and antithrombin
effects .It neither crosses the placenta nor is secreted in breast milk
and is thus theoretically safe in pregnancy for the fetus. A review
of the literature from 1981 and 2004 by Lindhoff-Last E et al.8

reported use of danaparoid in 51 pregnancies with heparin intol-
erance (32 due to HIT, 19 due to skin rash) with no adverse preg-
nancy effects. In this review, the danaparoid dose regimens
ranged from 1000 to 7500 U/day with a median duration use of
10 weeks. They reported four maternal bleeding events and
three fetal death, all associated with maternal complications
prior to danaparoid use.8 Danaparoid neither crosses the pla-
centa nor is secreted in breast milk. As this is a heparinoid,
there remains the (remote) possibility of HIT due to the risk of
positive cross-reactivities with antibodies to danaparoid. It is
the ACs recommended by the American College of Chest
Physicians for use in pregnancy when intolerance to heparin
such as HIT occurred.32 They recommend that DTIs be used
only in situations of severe reaction to heparin and danaparoid
is not tolerated.2

To date, two types of DTI, R-hirudin and argatroban have
been used in pregnancy (Table 3). They are both administered
parenterally. There are case reports of hirudin use with
minimal complications of bleeding.33 – 37 Animal studies have
shown minimal placental transfer of hirudin to the fetus,38

which could be extrapolated to being safe in human pregnancy.
There were cases where premature delivery was indicated but it
was for reasons that were not related to AC use.33,35 As with
UFH/LMWH, there is a risk of developing anti-hirudin anti-
bodies when hirudin is used long term. There were three
cases39 – 41 of reported argatroban use, all for the treatment of
thrombosis in pregnancy, after the diagnosis of HIT to UFH
or LMWH. There were no reports of bleeding complications.
Regional analgesia was used in the two cases at least two
hours after stopping the argatroban infusion, with no reported
complications. In all the cases, there was a livebirth. Young
et al.40 reported that the baby had a congenital abnormality of
a ventricular septal defect and patent foramen ovale, but
these are abnormalities during organogenesis in the first trime-
ster which is not consistent with a relationship to argatroban.

Fondaparinux, the synthetic pentasaccharide, is rec-
ommended for use by the Pregnancy and Thrombosis
Working Group in cases when HIT occur in pregnancy as it
does not cross the placenta and is an FDA Class B medi-
cation42/Australian Category C. The recommended dose was
2.5 mg once daily for prophylactic use and was weight-
dependent when used for treatment of thrombosis (5 mg once
daily if ,50 kg, 7.5 mg if 50–100 kg, 10 mg if .100 kg).
Furthermore, in addition to the cases described in this review
where outcomes have been favourable, there is a study,
FondaPPP initiated by the manufacturers of fondaparinux,
that collected information on 120 women who used fondapari-
nux around the time of pregnancy, and it has shown no adverse
outcomes (www.gsk-clinicalstudyregister.com).
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Newer ACs such as fondaparinux and danaparoid on the
current limited evidence appear to have no adverse pregnancy
outcomes. However, more information about safety in preg-
nancy is needed for lepirudin and argatroban All these new
ACs appear effective as there was no recurrence of thrombosis
when used therapeutically, and no thrombotic events when
used prophylactically. However, in view of the extensive
experience with LMWH and its safety and efficacy in preg-
nancy, there may be little perceived advantage from these
newer parenterally administered agents in the routine manage-
ment of thrombotic problems in pregnancy.

While the new oral ACs are more attractive than parenteral
preparations for long-term use, these are likely to cross the pla-
centa and pose problems for the fetus. Such concern may
explain the lack of data on the new oral AC use in pregnancy
as the risks to the developing and maturing fetus in utero are
unknown. Experience is likely to grow as these preparations
become widely used and reports of accidental exposure in preg-
nancy are published Further research is required examining
their pharmacokinetic properties, placental transfer and risk
of teratogenicity, prior to initiating use of these medications
in pregnancy.

The postnatal period is the time of highest risk of VTE. For
women at high risk of thromboembolism or following an
acute VTE in pregnancy, ACs are continued for at least six
weeks postpartum.2,3,43 Warfarin is suitable for use in the post-
natal period. Women on parenteral ACs can be converted to
warfarin when the risk of obstetric haemorrhage is low, com-
monly about days 5–7 after the delivery of the baby.3 It is not
contraindicated in breastfeeding. Studies similar to that
carried out on ximelagatran31 investigating the clearance and
excretion of these new oral ACs and their metabolites into
breast milk are required prior to recommending use of these
medications in breastfeeding and the postnatal period.

CONCLUSION

The development of new oral AC provides advantages in the
field of orthopaedics and general medicine, but there is still
no experience of their use in pregnancy. Thus, until more evi-
dence is available, these new oral ACs should not be used in
the field of obstetrics when there are alternatives available. If
there are no alternatives, women need to be counselled about
the lack of information, and potential risks of harm of these
new oral ACs. However, experience is likely to grow when
inadvertent exposure of these oral ACs in pregnancy occurs.
There is a need for reporting on accidental use of new ACs
and cases if new oral ACs were used in pregnancy in situations
where women have adverse reactions to UFH or LMWH, and
have not been able to tolerate parenteral ACs such as danapar-
oid, hirudin, argatroban or fondaparinux. This will allow for
more information about the safety and risks of these new oral
ACs to the fetus and to provide alternative options when
these are needed.
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