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Abstract

Background: Although an association between thrombophilia and preg-

nancy loss has been observed in many studies, little is known about the 

pathophysiologic mechanisms behind this association. Considering the 

association between thrombophilia and pregnancy loss, the efficacy of 

antithrombotic therapy for women with pregnancy loss (with or without 

thrombophilia) has been studied for the past 30 years.

Methods: We performed a comprehensive review of the literature on the 

strength of the association between thrombophilia and pregnancy loss, 

the pathophysiological mechanisms and the efficacy of antithrombotic 

therapy to increase the chance of live birth.

Results: The association between pregnancy loss and thrombophilia varies 

according to the type of thrombophilia (e.g. antiphospholipid syndrome 

versus forms of inherited thrombophilia) and according to the type of 

pregnancy loss (single versus recurrent pregnancy loss and early versus 

late pregnancy loss).

Thrombophilia may induce thrombosis in decidual vessels or impair pla-

centation through hypercoagulability and inflammation, but these hy-

potheses need further verification.

For women with antiphospholipid syndrome, evidence from small-sized 

trials suggests a beneficial effect of antithrombotic therapy but addition-

al randomized controlled trials are essential to confirm this. Whether an-

tithrombotic therapy increases the chance of live birth in women with 

inherited thrombophilia is unknown. Recent randomized controlled trials 

have consistently shown that antithrombotic therapy does not increase 

the chance of live birth in women with unexplained recurrent miscarriage.

Conclusions: There are large gaps in knowledge and lack of evidence for 

treatment of women with pregnancy loss with thrombophilia. To provide 

a solid base for clinical practice, further studies on the role of coagula-

tion in reproduction, as well as international collaborations in randomized 

controlled trials of antithrombotic therapy in women with pregnancy loss, 

and antiphospholipid syndrome or inherited thrombophilia are urgently 

needed.
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table i - Definitions and recommendations by the Royal College of Obstetricians and

Gynaecologists (rcog), the American College of Chest Physicians (accp), the American Society 

of Reproductive Medicine (asrm) and the Special Interest Group Early Pregnancy (sigep) of 

the European Society for Human Reproduction and Embryology (eshre).

Introduction

Pregnancy loss is common; approximately 15% of women experience a sin-

gle spontaneous loss.1/2 This percentage reflects only clinically recognized 

pregnancies. Since pregnancy losses which occur at a very early gestation 

go unnoticed, the actual percentage of pregnancy loss is estimated to be 

even higher.

Depending on the gestational age at which pregnancy loss occurs, differ-

ent terminologies for pregnancy loss are employed. The term miscarriage 

is often used to define pregnancy loss from the time of conception until 

20 weeks’ gestation.3 Pregnancy loss thereafter is then termed fetal death 

or stillbirth.3 Revised terminology by the European Society of Human Re-

production and Embryology defines ‘early pregnancy loss’ for loss of fetal 

heart activity prior to 12 weeks’ gestation and ‘late pregnancy loss’ for loss 

of fetal heart activity at or after 12 weeks’ gestation (table i).4 This classifi-

cation for pregnancy loss according to gestational age is chosen since the 

incidence in the first trimester is higher and the pathophysiology is differ-

ent from losses occurring at a later gestational age. The great majority of 

pregnancy losses occurs early, before 12 weeks’ gestation.5

The definition of recurrent miscarriage is a subject of debate. The Royal Col-

lege of Obstetrics and Gynaecologists (rcog) regards three or more first 

trimester miscarriages as recurrent pregnancy loss, whereas in Dutch 

and American guidelines, two or more pregnancy losses are considered 

recurrent pregnancy loss (table i).6/7 When defined as two or more losses, 

recurrent pregnancy loss affects up to 3% of fertile couples, whereas 1% 

experience three or more pregnancy losses.2 Another discrepancy between 

guidelines and practice statements is the inclusion of the criterion ‘con-

secutive’. Although the American Society for Reproductive Medicine (asrm) 

does not incorporate ‘consecutive’ in its definition of recurrent pregnancy 

loss, evaluation of pregnancy loss is suggested ‘after two consecutive clinical 

pregnancy losses’7/8 More evidence is available now that recurrent miscar-

riage constitutes any two miscarriages.9 The prevalence of carrier status 

of structural balanced chromosome abnormalities and antiphospholipid 

antibodies is similar in couples with a history of two or more consecutive 

or non-consecutive pregnancy losses.10/11
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A: At least one meta-analysis, systematic review or randomised controlled trial rated as 1++

and directly applicable to the target population; or a systematic review of randomised controlled 

trials or a body of evidence consisting principally of studies rated as 1+ directly applicable to the 

target population and demonstrating overall consistency of results.

B: A body of evidence including studies rated as 2++ directly applicable to the target population, 

and demonstrating overall consistency of results; or extrapolated evidence from studies rated 

as 1++ or 1+. 

C: A body of evidence including studies rated as 2+ directly applicable to the target population 

and demonstrating overall consistency of results; or extrapolated evidence from studies rated 

as 2++.

D: Evidence level 3 or 4; or Extrapolated evidence from studies rated as 2+.

Good practice point: Recommended best practice based on the clinical experience of the guide-

line development group.

The asrm practice committee does not grade the available evidence but refers to original stud-

ies only. The accp gives recommendations from 1A through 2C. The number (1 or 2) refers to 

the strength of the recommendation (1: strong recommendation, 2: weak recommendation), 

and the letters (A, B or C) indicate the quality of the evidence on which the the recommenda-

tion is based (A: high quality evidence, B: moderate quality evidence, C: low quality evidence).84 

apla, antiphospholipid antibodies; aps, antiphospholipid syndrome; ga, gestational age; lmwh, 

low-molecular-weight heparin; rct Randomized controlled trial.

These differences in nomenclature are relevant, as a number of diagnos-

tic tests are performed once the diagnosis of recurrent pregnancy loss is 

confirmed. Where possible, we describe the type of pregnancy loss in more 

detail, e.g. single miscarriage, recurrent miscarriage, biochemical pregnan-

cy together with the definition as mentioned in the study, but this is not 

always possible.

A majority of pregnancy losses that occur before 10 weeks’ gestation are 

due to chromosomal errors arising from non-inherited, non-disjunctional 

events.12 Late pregnancy losses (e.g. >24 weeks’ gestation) occur sporadi-

cally and are more often due to maternal factors, such as preeclampsia. 

Despite a diagnostic work-up, in approximately 50% of the cases no cause 

can be identified. Uterine, hormonal and chromosomal abnormalities, en-

docrine and immune disorders have all been associated with (recurrent) 

pregnancy loss.

Maternal age is the most important risk factor for pregnancy loss and likely 

reflects the prevalence of underlying random numeric chromosome errors; 

the probability of pregnancy loss is around 9% in women aged 20-24 and 

increases to over 50% in women who are older than 42 years.13 Although 

after a first pregnancy loss the chance of live birth in a subsequent preg-

nancy is similar to the chance of live birth for primigravidae, it decreases 

with an increasing number of previous pregnancy losses.5

The psychological distress induced by experiencing recurrent pregnancy 

The rcog classifies levels of evidence from 4 (expert opinion only) through 1++ (high-quality

meta-analyses, systematic reviews of randomized controlled trials or randomized controlled 

trials with a very low risk of bias). rcog recommendations are based on these levels of evidence 

and graded as follows:
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thromboembolism. Thrombophilia can be acquired or inherited, and can 

be identified in approximately half of all patients with venous thrombo-

embolism.

Acquired thrombophilia comprises the antiphospholipid syndrome that 

consists of clinical criteria combined with persistent presence of laboratory 

abnormalities, e.g. lupus anticoagulant, antibodies against cardiolipin, or 

antibodies against beta 2 glycoprotein 1, tested at least 12 weeks apart.19/20 

Clinical criteria include either venous or arterial thrombosis, or pregnancy 

morbidity, defined as three or more unexplained pregnancy losses before 

10 weeks’ gestation, one or more unexplained intrauterine fetal death be-

yond 20 weeks’ gestation or one or more premature birth before 34 weeks’ 

gestation, due to eclampsia, severe preeclampsia or recognized features of 

placental insufficiency.19

table ii - Association between Pregnancy Complications and Thrombophilia.

Statistically significant odds ratios are indicated in bold. Note: data are derived from systematic

reviews;17/18/85 terminology of pregnancy loss at various gestational ages may vary among includ-

ed studies. *Homozygous and heterozygous carriers were grouped together; it is not possible to 

extract data for zygosity. (na = not available).

loss is high.14/15 Hence, interventions to improve the chance of a live birth 

of otherwise normal embryos are urgently sought.

This review focuses on antithrombotic agents such as unfractionated hep-

arin (ufh), low molecular weight heparin (lmwh) and aspirin which may 

increase the chance of live birth in some, but definitely not all, women. A 

beneficial effect of antithrombotic agents, heparin in particular, in wom-

en with recurrent pregnancy loss was hypothesized as early as 1980.16 In 

the past three decades, several studies have investigated the effect of an-

tithrombotic agents on the chance of live birth in women with pregnancy 

loss. These studies have been performed in various subgroups of women: 

single or recurrent pregnancy loss, early or late pregnancy loss, pregnancy 

loss associated with thrombophilia or unexplained recurrent pregnancy 

loss. Despite these efforts to gain evidence, treatment with antithrombotic 

agents to improve the chance of live birth is still controversial for most 

women with pregnancy loss. Here, we discuss the currently available evi-

dence for treatment with antithrombotic agents in women with a single or 

recurrent pregnancy loss.

Methods

For this comprehensive review, we searched Pubmed to identify relevant 

articles. We used (combinations of) the following search terms: ‘anticoag-

ulants’, ‘heparin’, ‘low-molecular-weight heparin’, ‘aspirin’, ‘association’, 

‘pregnancy complications’ ‘fetal death’, ‘pregnancy loss’, ‘pregnancy out-

come’, ‘prognosis’, ‘thrombophilia’ and ‘antiphospholipid syndrome’. Ref-

erence lists of identified articles were scanned for relevant citations. For 

studies describing prognosis of pregnancy after pregnancy loss only con-

temporary studies were considered (i.e. published from 1995 onward).

Results

Pregnancy loss and thrombophilia

Association

Pregnancy loss occurs more frequently in women with thrombophilia, and 

the strengths of the associations are summarized in table ii.17/18 The term 

thrombophilia is used to describe ‘endogenous’ risk factors for venous 
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compared to controls.37

These observations clearly indicate a role for both coagulation and inflam-

mation, but a better understanding of the underlying mechanisms and, 

most notably, translation to the human situation of implantation and 

pregnancy failure is urgently needed.

Plausible biology of beneficial effect of
antithrombotic agents

In light of the presumed pathophysiology of the association between 

pregnancy loss and thrombophilia, the hypothesis of a beneficial effect of 

antithrombotic agents has arisen. The mechanism of action of heparin is 

mostly attributed to its anticoagulant activity, a result of binding to and 

potentiating the action of antithrombin.38 This anticoagulant acitivity may 

reduce thrombosis in the (micro) vasculature of the placenta. In addition, 

blockage of adhesion proteins (selectins) is an anti-inflammatory property 

of heparin on tumor cell lines in vitro.39 The clinical relevance of this in 

pregnancy is uncertain, as proper expression and interaction of adhesive 

molecules is essential for successful implantation. Furthermore, heparin 

promotes extravillous trophoblast differentiation in placental tissue in vit-

ro,40 although the effect on throphoblast differentiation varies between ufh 

and lmwh. lmwh reduces antiphospholipid antibody binding to tropho-

blast cells in vitro.41

The mechanism of effect of aspirin to increase the chance of live birth in 

women with pregnancy loss is less clear. As a platelet inhibitor, aspirin 

may reduce coagulation activity in the placenta. Protease activated recep-

tors (pars) play a role in coagulation and thrombin mediates activation of 

platelets via par-4. As mentioned previously, in thrombomodulin deficient 

mice, trophoblast development is inhibited. par-4 deficiency of the mother 

or the absence of maternal platelets restores normal development in one-

third of thrombomodulin deficient embryos.42. This indicates that par-4 

mediated activation of maternal platelets is a likely mechanism respon-

sible for fetal loss in this mouse model. Inhibition of platelets by aspirin is 

therefore hypothesized to reduce placental coagulation and may contrib-

ute to successful placental development.

It was demonstrated in murine models that appropriate complement reg-

ulation is necessary to control placental inflammation and that a local 

increase in complement activation fragments is highly deleterious to the 

Antiphospholipid syndrome is an example of a syndrome that has been 

defined without understanding the etiology of the disease, based solely 

on the observation that young individuals with systemic lupus erythe-

matosus (sle) often suffer from unprovoked thrombosis or unexplained 

pregnancy losses and show the presence of antiphospholipid antibodies 

in their plasma.21

Inherited thrombophilia comprises deficiencies of the natural anticoagu-

lant proteins, antithrombin, protein C, or protein S, that down regulate the 

formation of thrombin, or the gain of function mutations in coagulation 

factors Va (leading to activated protein C resistance, Factor V Leiden) and 

prothrombin (prothrombin g20210a mutation).22 In the 1990’s, inherited 

thrombophilia was also found to be associated with recurrent pregnancy 

loss, late pregnancy loss and preeclampsia.17/23-28

Pathophysiology

The association between thrombophilia and pregnancy loss has been 

identified, but the underlying mechanism remains unclear. One presump-

tion was that pregnancy loss might be caused by thrombosis in decidual 

vessels.29. However, the concept that recurrent pregnancy loss and preec-

lampsia can be attributed to thrombosis is likely to represent an oversim-

plification.

Coagulation and inflammation are closely related pathways30 and several 

observations have implicated a role for both procoagulant and inflamma-

tory pathways in pregnancy failure.30/31 Inflammatory changes are essen-

tial for the various processes of successful embryonic implantation, such 

as trophoblast invasion, angiogenesis, and placental growth, but how the 

initial inflammatory response during the implantation period is controlled 

to protect the semi-allogenic fetus is poorly understood. In procoagulant 

thrombomodulin-deficient mice, activated coagulation factors induce cell 

death and inhibit the growth of trophoblast cells.32 In-vitro experiments 

have shown that antiphospholipid antibodies prevent extravillous tropho-

blast differentiation.33 In addition, antiphospholipid antibodies are thought 

to disrupt crystallization of Annexin A5, thereby limiting its anticoagulant 

properties.34/35 Furthermore, in mice, antiphospholipid antibodies induce 

complement activation, the degree of which is closely correlated to fetal 

death.36 In an observational study, levels of circulating procoagulant mi-

croparticles were higher in women with recurrent early miscarriage as 
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table iii - Prognosis of live birth after pregnancy loss without pharmacological treatment;

results from contemporary observational studies.

developing fetus.43 It is proposed that antiphospholipid antibodies, in addi-

tion to their direct effects on platelet and endothelial cell targets, generate 

complement split products, which ultimately lead to fetal loss in the ob-

stetric antiphospholipid syndrome.43/44 As coagulation is intertwined with 

the immune system,45 deleterious effects of coagulation, which in turn 

may be activated by the complement system, may be inhibited by platelet 

aggregation inhibitors such as aspirin.

Prognosis of live birth without pharmacological
treatment after pregnancy loss

table iii summarizes the results from contemporary observational studies 

investigating the prognosis of live birth without pharmacological treatment 

in women with previous pregnancy loss. We have categorized studies for 

women with antiphospholipid antibodies (not always fulfilling all crite-

ria for antiphospholipid syndrome), and those with and without inherited 

thrombophilia. Furthermore, if possible, we categorized the type of preg-

nancy loss: early versus late and single versus recurrent. Live birth rates 

vary between 0% and 99%, indicating the difficulty in drawing conclusions. 

Study populations vary and, perhaps more importantly, the onset of follow 

up differs per study. It appears that live birth rates in women recruited in 

very early pregnancy, e.g. from 5 weeks amenorrhea, are substantially low-

er than in women who are recruited from 12 weeks’ gestation. This is likely 

explained by the fact that women with early miscarriages are not included 

in the latter study population.
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The studies by Rai (1995), Rai (2000), Rai (2002), Coppens (2007), Lindqvist (2006), Sugiura-oga-

sawara (2008), Chauleur (2010) and Lund (2010) investigated multiple cohorts; in this table dis-

cussed separately. Data for the study by Lindqvist and Merlo (2006) was not available from the 

paper, provided by Dr. Lindqvist, personal communication. Study population was a subgroup of 

a cohort study97 including 2480 gravidae; recruited at a mean of 12 weeks of gestation.

a: Age is presented as mean (+/- standard deviation) or median (range) as reported in original 

study reports. If age was not specified for subgroups, age for the original total cohort is given.

b: Mean age at time of first pregnancy.

c: Description of onset of follow-up was not often clearly described in original study reports; 

quoted from the original articles.

d: Inclusion criterion of a minimum of three consecutive losses was irrespective of gestational 

age, but the median number of late miscarriages (14 – 21+6 weeks’ ga) and stillbirths (after 22 

weeks’ ga) was 0.

e: Median number of late miscarriages 1, (range 1-3).

f: Personal communication with study authors. A majority of patients had recurrent early mis-

carriage.

ab2gp1, antibeta2glycoprotein 1 antibodies; aca, anticardiolipin antibodies; aps, antiphospholip-

id syndrome; fvl, Factor V Leiden; ga, gestational age; la, lupus anticoagulant; ptm, prothrombin 

g20210a mutation; na, not available

Clinical studies investigating the efficacy of
antithrombotic agents for pregnancy loss

Despite the uncertainty of prognosis after pregnancy loss and the mech-

anisms of action, physicians frequently prescribe antithrombotic agents 

in pregnancy. Of note, beneficial effects of antithrombotic agents are fre-

quently suggested by results from observational studies that have intrinsic 

methodological issues undermining their validity to assess efficacy of an 

intervention. Although clinical trials have been performed, these are gen-

erally limited by small sample sizes and often lack a control arm without 

active intervention.

As described above, pregnancy loss is not a homogeneous disorder. Re-

currence of pregnancy loss as well as the presence of thrombophilia may 

identify women with pregnancy loss who are more likely to benefit from 

antithrombotic agents than others. In the next paragraphs, we distinguish 

four groups: 1) women with antiphospholipid syndrome; 2) women with 

one previous pregnancy loss and inherited thrombophilia; 3) women with 

recurrent pregnancy loss and inherited thrombophilia; and 4) women with 

unexplained recurrent pregnancy loss. table iv summarizes the trials.

Antithrombotic therapy for pregnancy lossChapter 2
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table iv - Available evidence from randomized controlled trials investigating the efficacy

of antithrombotics in women with a history of recurrent pregnancy loss; effect on live birth.
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The study by Tulppala (1997) investigated both women with and without antiphospholipid anti-

bodies; these groups are discussed separately in this Table. The study by Brenner (2005) included 

women with inherited thrombophilia, antiphospholipid antibodies. The study by Laskin (2009) 

included women with recurrent pregnancy loss and antiphospholipid antibodies, inherited 

thrombophilia, or antinuclear antibodies; only the subgroup of women with antiphospholipid 

antibodies was included in the Table. The study by Giancotti (2012) included women with un-

explained recurrent miscarriage, as well as women with recurrent miscarriage associated with 

antiphospholipid antibodies or inherited thrombophilia; the subgroup of women with antiphos-

pholipid antibodies was excluded from this Table.

Policy for prospective trial registration commenced on July 1, 2005.100 This was not operative at 

time trials by Tulppala (1997), Dolitzky (2006), Kutteh (1996), Kutteh (1996), Rai (1997), Pattison 

(2000), Farquharson (2002), Stephenson (2004), Brenner (2005) and Noble (2005) were conducted. 

Data for this table on live birth were provided by study authors for the studies by Badawy 2008 

and Giancotti 2012 (personal communication).

a: Criteria for antiphospholipid syndrome vary per study.

b: The risk of bias in individual studies was determined according to the Cochrane Collabora-

tion’s tool for assessing risk of bias antiphospholipid antibodies.

c: The rate of successful pregnancy in those with secondary abortions in thromboprophylaxis 

group (81.8%) was higher than the control group (0.25%) (p = 0.02).

ufh, unfractionated heparin; lmwh, low-molecular-weight heparin; ptt, prothrombin time; ga, 

gestational age.
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ter miscarriage was maintained (rr 0.39, 95% ci 0.24 – 0.65), with little sta-

tistical heterogeneity (I2 10%).47 Interestingly, in the studies that observed 

a profound effect of ufh added to aspirin, the chances of a live birth in the 

aspirin only arms were only 44% and 42%.50/51 These are markedly lower 

than in the comparator arms of the other studies comparing lmwh and 

aspirin to aspirin only52 or aspirin to placebo,53-55 in which the chances of 

a live birth varied between 68% and 80%, which indicates clinical hetero-

geneity between the trials. In a pilot randomized trial (n = 26), a prospec-

tive cohort study (n = 50) and a recent randomized trial (n = 60), the use of 

lmwh and ufh (both combined with aspirin) were directly compared and 

the results did not suggest a difference in effects.56-58 In one trial, two dos-

es of lmwh (enoxaparin 40mg and enoxaparin 20mg, both combined with 

aspirin) were compared (n = 60); no difference in live birth was observed (rr 

1.10, 95% ci 0.81 – 1.49).59 To our knowledge, there are no trials that com-

pared heparin (ufh or lmwh) combined with aspirin with no treatment or 

placebo.

The evidence for treatment with heparin combined with aspirin was ob-

tained in two studies including women with three or more pregnancy loss-

es,50/51 and one study including women with two or more first or second 

trimester losses.60 As a result, guidelines of the American College of Chest 

Physicians (accp) recommend ufh or lmwh combined with aspirin for 

women with antiphospholipid syndrome based on three or more pregnan-

cy losses, but refrain from recommendations for women with antiphos-

pholipid syndrome based on clinical criteria of a single late pregnancy 

loss or placental insufficiency.18 Guidelines of the Royal College of Obste-

tricians and Gynecologists state that ‘pregnant women with antiphospho-

lipid syndrome should be considered for treatment with low-dose aspirin 

combined with heparin to prevent further miscarriage’ without further 

reference toward clinical criteria of antiphospholipid syndrome in the rec-

ommendation.6

Although evidence for a beneficial effect of heparin combined with aspi-

rin is at hand, this is based on studies with very low numbers of women 

and further studies reaffirming this efficacy are warranted. Furthermore, 

whether the efficacy of heparin combined with aspirin is truly similar 

when ufh is replaced by lmwh needs to be determined, as well as the effect 

of antithrombotic agents in different subgroups of women with antiphos-

pholipid syndrome based on laboratory or clinical criteria (e.g. women with 

one late pregnancy loss). This is in agreement with a statement from the 

eshre Special Interest Group for Early Pregnancy (sigep) that there is a need 

Obstetric antiphospholipid syndrome

Single pregnancy loss

Clinical trials on antithrombotic agents that exclusively included women 

with antiphospholipid syndrome based on the clinical criterion of one late 

previous pregnancy loss have not been performed.

Recurrent pregnancy loss

Clinical trials that have investigated the efficacy of antithrombotic therapy 

in women with recurrent pregnancy loss and antiphospholipid syndrome 

are few and have been summarized in a Cochrane systematic review.46 Two 

more recent systematic reviews have addressed the efficacy of heparin 

combined with aspirin versus aspirin only.47/48

Aspirin only – The pooled results of three very small trials (total number of 

71 participants) showed no effect of aspirin only as compared to no treat-

ment (rr of pregnancy loss of 1.05, 95% ci 0.66 – 1.68).46

Heparin only – A recent trial compared the efficacy of the lmwh (bemipa-

rin 2500 u once daily, n = 80) with aspirin 100mg (n = 61) in women with at 

least two consecutive miscarriages <20 weeks’ gestation.49 Results suggest 

a beneficial effect of bemiparin over aspirin (rr for live birth for women 

treated with bemiparin 1.20, 95% ci 1.00 – 1.43). The allocation was not 

concealed, as the study was quasi-randomized (sequential assignment of 

treatment) and for unclear reasons more women were allocated to bemip-

arin compared to aspirin.

Heparin combined with aspirin – The evidence for a beneficial effect is strong-

est for treatment with ufh combined with aspirin as compared to aspirin 

only, in women with recurrent pregnancy loss and antiphospholipid syn-

drome. Results of one meta-analysis showed that in women with two or 

more pregnancy losses, treatment with ufh combined with aspirin (n = 103) 

reduced the chance of first trimester miscarriage when compared to aspi-

rin only (n = 109) (rr 0.26, 95% ci 0.14 – 0.48).47 In two trials in which treat-

ment with lmwh combined with aspirin (n = 96) was compared to aspirin 

only (n = 90), the pooled relative risk for pregnancy loss was 0.70, without 

reaching statistical significance (95% ci 0.34 – 1.45).47 When comparing any 

heparin (ufh or lmwh) combined with aspirin (n = 199) with aspirin only 

(n = 199), the beneficial effect of heparin of reducing the risk of first trimes-
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Recurrent pregnancy loss

Aspirin only – To our knowledge, no randomized controlled trials evaluating 

the efficacy of aspirin in women with inherited thrombophilia and recur-

rent pregnancy loss have been performed.

Heparin only – Only observational studies that have evaluated the outcomes 

of women with recurrent pregnancy loss treated with heparin compared to 

no treatment are available. These studies do not provide evidence for the 

efficacy of lmwh and should be regarded as hypothesis generating with 

a need for confirmation in randomized clinical trials. In a retrospective 

cohort study of women with three or more consecutive pregnancy losses 

and inherited thrombophilia, live birth was 70.2% in women treated with 

enoxaparin compared to 43.8% in historical control women who received 

no intervention.67 It should be noted that approximately 45% of the in-

cluded women did not have an established form of thrombophilia, but 

were classified as such based on presence of c677t mutation in the mth-

fr gene for which the association with thrombosis and pregnancy loss is 

unclear.17/22 In a prospective cohort study, 50 women with recurrent preg-

nancy loss and inherited thrombophilia (11 women also had antiphospho-

lipid syndrome) were treated with enoxaparin (40mg daily for single and 

80mg daily for combined thrombophilic defects).68 Live birth occurred in 

75% of gestations, whereas this was 20% in previous pregnancies. The de-

sign of such a study has been criticized based on regression to the mean 

by using the previous bad pregnancy outcome as a control.27/69 In the live-

enox study, 180 women with thrombophilia and recurrent pregnancy loss 

were randomized to either enoxaparin 40 mg or 80 mg once daily.70 Besides 

inherited thrombophilia, also women with antiphospholipid antibodies, 

mthfr 677tt genotype and hyperhomocysteinemia were eligible. Live birth 

rates in both groups were similar (84.3% and 78.3% respectively), but as a 

control group was lacking, the effect of enoxaparin could not be validated.

Heparin combined with aspirin – To our knowledge, a randomized controlled 

trial evaluating the efficacy of heparin combined with aspirin limited to 

women with inherited thrombophilia and recurrent pregnancy loss has 

not been performed. In the spin, alife, and habenox studies (see paragraph 

detailing unexplained recurrent pregnancy loss), small proportions of the 

study populations consisted of women with inherited thrombophilia (3.5%, 

15.7% and 24.6% respectively).71-73 Unfortunately, subgroup analyses were 

for an international collaborative rct to evaluate the type and duration of 

thromboprophylaxis in antiphospholipid syndrome, before this treatment 

is used systematically in routine clinical practice.61 However, based on the 

currently available evidence of studies with small numbers of participants, 

clinicians world-wide have adopted practice to prescribe antithrombotic 

agents to all women with obstetric antiphospholipid syndrome. Acquiring 

ethical approval for such studies and finding patients who are willing to 

participate in such randomized trials will, therefore, be a major challenge.

Inherited thrombophilia

Little evidence is available for the effect of antithrombotic agents in wom-

en with a single pregnancy loss and inherited thrombophilia. Results from 

several small retrospective and prospective cohort studies in women with 

inherited thrombophilia, with or without previous pregnancy complica-

tions, suggest a beneficial effect of antithrombotic therapy to reduce preg-

nancy complications.62-64 These studies are heterogeneous with regard to 

study design and study population.

Single pregnancy loss

In a clinical trial, women with one previous pregnancy loss after 10 weeks’ 

gestation and heterozygous Factor V Leiden mutation, prothrombin 

g20210a mutation, or protein S deficiency, were allocated to enoxaparin 

40mg once daily (n = 80) or to aspirin 100 mg (n = 80).65 Women who were 

treated with enoxaparin had a much higher chance of a live birth than 

those allocated to aspirin (86% and 29% respectively, 57% absolute risk re-

duction, odds ratio 15.5, 95% ci 7 to 34). However, methodological issues 

regarding concealment of allocation, lack of generalizability due to very 

stringent inclusion criteria, and the fact that women who experienced an 

early miscarriage after randomization were not taken into account were 

raised.66 The results of this single study have not been implemented in 

recent evidence based guidelines.18/27/66

With the apparent lack of evidence for the efficacy of antithrombotic ther-

apy in women with inherited thrombophilia and a single pregnancy loss, 

antithrombotic agents are not recommended for this indication.
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Based on the available evidence,79 various guidelines now unanimously 

recommend against the use of antithrombotic agents in women with un-

explained recurrent pregnancy loss (table i).6/18

Adverse effects of antithrombotic therapy

Potential adverse effects of antithrombotic therapy include bleeding, local 

skin reactions such as itching and swelling and the more rare complica-

tions, heparin-induced thrombocytopenia (hit) and heparin-induced os-

teopenia. In a systematic review the safety of lmwh for thromboprophy-

laxis and treatment of venous thromboembolism in pregnancy was 

evaluated, including data from 2777 pregnancies.80 As incidences of signifi-

cant bleeding and allergic skin reactions were low (1.98%, 95% ci 1.50 – 2.57 

and 1.80%, 95% ci 1.34 – 2.37 respectively) and there was only one case of 

osteoporotic fracture and no case of hit, the authors concluded that lmwh 

is safe in pregnancy.

Although the incidence of bleeding and significant bleeding is low, avoid-

ing any such bleeding by withholding ineffective therapy is preferred. Fur-

thermore, local skin reactions due to administration of lmwh were report-

ed in 40% of women treated with nadroparin in the alife study, and in 29% 

of women in a prospective observational study.72/81

Testing for thrombophilia

Given the association between recurrent pregnancy loss and thrombo-

philia, a relevant question is whether testing for thrombophilia should be 

performed on a routine basis in this clinical setting. Understanding the 

possible cause of pregnancy loss provides an explanation for patients, and 

their doctors. However, if a test result only provides insight but does not 

alter clinical management its yield is limited and testing should not be 

performed. If, however, effective treatment is available, the results of test-

ing may identify those women in whom antithrombotic therapy increases 

the chance of live birth in a subsequent pregnancy.

In women with three or more pregnancy losses and antiphospholipid an-

tibodies, antithrombotic therapy increases the chance of live birth and 

hence testing is indicated. Whether testing for antiphospholipid anti-

bodies is also relevant for women with a single late pregnancy loss (>10 

weeks’ gestation) is arguable given the absence of evidence that these 

insufficiently powered to address the effect of antithrombotic treatment in 

thrombophilic women, highlighting the urgent need for new randomized 

controlled trials.

Unexplained recurrent pregnancy loss

Several studies have investigated the efficacy of antithrombotic agents in 

women with unexplained recurrent pregnancy loss. Although some have 

reported beneficial effects of antithrombotic agents, concerns regarding 

study designs and external validity have been raised.74-77 High-quality ev-

idence was obtained by means of five randomized clinical trials,54/71-73/78 of 

which three compared various antithrombotic agents with no treatment 

or placebo.54/71/72

In the spin study,71 294 women with two or more unexplained pregnancy 

losses were randomized to enoxaparin 40 mg combined with aspirin 75mg 

plus standard surveillance or standard surveillance only. No effect of the 

medical intervention was observed (odds ratio for successful pregnancy 

0.91, 95% confidence interval ci 0.52 – 1.59). In the alife study, we rand-

omized 364 women with two or more unexplained pregnancy losses to 

nadroparin 2850 iu combined with aspirin 80 mg, aspirin 80 mg only, or 

placebo (for aspirin) before conception or at a maximum gestational age of 

6 weeks.72 Of these women, 299 became pregnant. The chance of live birth 

did not differ between the treatment groups (rr of live birth for women 

who became pregnant were 1.03 (95% ci 0.85 – 1.25) for nadroparin com-

bined with aspirin, and 0.92 (95% ci 0.75 – 1.13) for aspirin only, compared 

to placebo). In an older trial, 66 women with recurrent pregnancy loss were 

randomized to aspirin or no treatment. The subgroup analysis of women 

with unexplained recurrent pregnancy loss (27 women randomized to as-

pirin and 27 to no treatment) showed no difference in live birth between 

both groups (i.e. 22 and 22 in both groups).54

Two studies randomized women to different antithrombotic treatment 

regimens but lacked a control arm with placebo or no treatment (i.e. lmwh 

with aspirin, lmwh only or aspirin only); the results showed no differences 

in live birth rates between these treatments.73/78
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Conclusions

Over the past few years, a great body of evidence has been obtained in the 

field of (recurrent) pregnancy loss and its association with thrombophilia, 

but further compelling evidence is awaited. Guidelines for the manage-

ment of women with recurrent pregnancy loss with or without throm-

bophilia are conflicting in terms of terminology and investigations, but 

unanimous regarding the need for further studies. In order to understand 

the association between thrombophilia and recurrent pregnancy loss, 

the mechanistic role of coagulation in reproduction has to be elucidated. 

For clinical practice, antithrombotic agents should not be given to wom-

en with unexplained recurrent pregnancy loss. Although antithrombotic 

agents for women with antiphospholipid syndrome are widely prescribed, 

the evidence underpinning this strategy is very limited. Randomized con-

trolled trials investigating which women, particularly those with throm-

bophilia, benefit from antithrombotic therapy to increase their chance of 

live birth are essential. To overcome the challenges posed by conducting 

these clinical trials, (international) collaboration and guideline adherence 

are required, and antithrombotic therapy should be prescribed only if rec-

ommended or in the context of such a clinical trial.

women benefit from antithrombotic agents. Likewise, testing women with 

a single or recurrent pregnancy loss for inherited thrombophilia in routine 

patient care is not indicated since it is unknown whether women with in-

herited thrombophilia benefit from antithrombotic agents in a subsequent 

pregnancy. Obtaining evidence of the efficacy of antithrombotic therapy 

in these women is essential, and until this evidence is available, we argue 

that testing for inherited thrombophilia for this indication should only be 

performed in the context of clinical trials.82

As a result of the lack of evidence, recommendations regarding investi-

gations in cases of (recurrent) pregnancy loss differ per guideline and per 

country and are listed in table i. For example, rcog guidelines recommend 

testing for antiphospholipid syndrome and inherited thrombophilia in 

women with previous second trimester losses; accp does not recommend 

for or against testing for antiphospholipid syndrome in women with late 

pregnancy loss; and accp and British Society for Haematology guidelines 

suggest not to screen for inherited thrombophilia for women with a histo-

ry of pregnancy complications.6/18/83

Future perspectives

Although some insight into the pathophysiology of (recurrent) pregnancy 

loss and its association with thrombophilia has been gained, much has 

yet to be unravelled. The discussed mechanisms by which both acquired 

and inherited thrombophilia may play a causal role in the pathology of 

pregnancy loss are plausible as supported by the in-vitro and animal stud-

ies. However, further studies investigating these mechanisms as well as 

verification of generated hypotheses in humans, are required. Ultimately, 

we need to obtain evidence from high quality randomized clinical trials re-

garding benefits and harms of antithrombotic agents to increase live birth 

in women with both acquired and inherited thrombophilia.

Recently, the alife2 study (www.trialregister.nl, ntr3361) has started re-

cruiting; this is a trial in which women with inherited thrombophilia and 

recurrent pregnancy loss will be randomized to either treatment with 

lmwh plus standard pregnancy surveillance or standard pregnancy sur-

veillance only. Randomized trials investigating the effect of antithrombotic 

therapy in women with antiphospholipid syndrome are needed.
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