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Chapter 1

General introduction and

outline of the thesis

Paulien G. de Jong, Mariëtte Goddijn

and Saskia Middeldorp



General introduction

Recurrent miscarriage has historically been considered a divine punish-

ment, a magical interference or a medical disorder. Suffering from re-

current miscarriage is devastating for couples, and throughout the ages, 

attempts towards understanding its etiology have been made in search 

for an effective treatment. Ceremonies of ritual purification to prevent 

subsequent disease of the mother and father (Africa), prayers to ward off 

an embryo-eating demon (India) and wearing a rattling stone ornament 

(ancient Israel, France, Greece) are examples of various treatments applied 

in the past.1 Centuries later nutritional factors were considered a cause of 

miscarriage in the Middle Ages and the first descriptions of treatment with 

medication date back to the 1940’s, when vitamins, progesterone and thy-

roid therapy were considered.1 This latter under the assumption that re-

current miscarriage was a symptom of thyroid hormone deficiency. A pos-

sible role of thrombosis of the placental veins in placental infarction and 

toxemia of pregnancy (nowadays called pre-eclampsia) was postulated in 

a case report published in 1947.2 Over the past two decades, research has 

implicated thrombophilia, an increased tendency to develop blood clots, 

as a new potential risk factor for various pregnancy complications includ-

ing recurrent miscarriage.3 Analogous to this etiological concept antico-

agulants have been studied as agents to prevent recurrence of pregnancy 

complications. The use of anticoagulants for recurrent miscarriage and the 

search for new forms of thrombophilia which, analogous to an increased 

risk of venous thromboembolism (vte), also predispose to pregnancy com-

plications are the topics of this thesis.

During the first half of the 20th century the term thrombophilia was used 

to describe a tendency to develop thrombosis.4 In the following decades 

the term was used for patients with severe manifestations of vte, such 

as recurrent vte or vte at young age. Currently, the term thrombophilia is 

generally used for laboratory abnormalities which increase the risk of vte.5 

Thrombophilia can be acquired as well as inherited and predisposes to 

deep venous thrombosis or pulmonary embolism. In the antiphospholipid 

syndrome, which is an acquired form of thrombophilia, antibodies against 

proteins bound to negatively charged phospholipids trigger the coagula-

tion cascade, thus contributing to an increased risk of vte. In inherited 

thrombophilia, the Factor V Leiden mutation, the prothrombin g20210a 

mutation or deficiencies of the natural anticoagulants protein C, protein S 

Introduction and outline
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A beneficial effect of heparin plus aspirin for women with recurrent mis-

carriage and antiphospholipid antibodies has also been demonstrated,15 

but the numbers of participants in the studies were small and further 

studies to confirm this finding are still needed. For women with unex-

plained recurrent miscarriage, studies are inconsistent, with a benefit of 

anticoagulants in some studies and no benefit in other trials. No studies 

focusing on women with recurrent miscarriage and inherited thrombo-

philia are available. A subgroup analysis in the alife study, performed by 

our own group, suggested a beneficial effect of low-molecular-weight hep-

arin (lmwh) plus aspirin.16

In Part I of this thesis we aim to summarize the available evidence for 

the use of anticoagulants in women with (recurrent) miscarriage, irrespec-

tive of gestational age, and with or without inherited thrombophilia. Fur-

thermore, we set out to evaluate the prognosis and time to conception of 

women with unexplained recurrent miscarriage with respect to achieving 

a live birth. Finally, we present the background, rationale and setup of a 

randomized controlled trial investigating the efficacy of lmwh in women 

with inherited thrombophilia, and the challenges that are faced when con-

ducting such a trial.

Search for new forms of thrombophilia

Although the different forms of inherited thrombophilia have been rec-

ognized as risk factor for vte, the risk of vte is also approximately 2-fold 

increased in case of a positive family history of vte in individuals in whom 

known genetic risk factors have been ruled out.17 As in 70% of vte patients 

with a positive family history of vte no known genetic variant was identi-

fied, it is likely that other as yet unknown genetic variants also predispose 

to vte.17 Extending the parallel between vte and pregnancy complications, 

it has been postulated that unknown genetic risk factors for vte may also 

predispose to pregnancy complications, as the known forms of inherited 

thrombophilia and antiphospholipid syndrome that predispose to miscar-

riage and pre-eclampsia, may only account for 8-43%.18-20

In recent studies, variants in the promoter of the Annexin A5 gene have 

been proposed as such a form of thrombophilia. Annexin A5, former-

ly called placental anticoagulant protein, is a protein with anticoagulant 

properties, which forms a two-dimensional shield on phospholipid bilay-

ers such as cell membranes, preventing coagulation reactions to occur. 

and antithrombin affect the balance of pro- and anticoagulant factors, 

thereby inducing a hypercoagulable state.

Next to the increased risk of vte, women with thrombophilia are also at an 

increased risk of pregnancy complications.3 This was first demonstrated 

in the eighties of the last century when in women with systemic lupus 

erythematosus who had one or more miscarriages or stillbirths, an asso-

ciation with anticardiolipin antibodies was found.6 Women with antiphos-

pholipid antibodies are now known to be at an increased risk of recurrent 

miscarriage, stillbirth and pre-eclampsia, with odds ratios ranging from 2 

to 14.3/7 A decade later, family studies showed that women with inherited 

thrombophilia are also at an increased risk of these pregnancy complica-

tions.8/9 A meta-analysis of population based studies showed that the es-

timates of risk of (recurrent) miscarriage, stillbirth, and pre-eclampsia are 

1.7 to 8.6 fold increased compared to women without thrombophilia, var-

ying for type of inherited thrombophilia and type of pregnancy complica-

tion.10 However, a more recent meta-analysis which included prospective 

studies only found no statistically significant association between Factor V 

Leiden or prothrombin mutation and pregnancy loss, small for gestational 

age, pre-eclampsia or placental abruption, except for a modest risk of late 

pregnancy loss in women with Factor V Leiden.11

The mechanism behind the association between thrombophilia and preg-

nancy complications is not fully elucidated, but it is hypothesized to be 

mediated (at least in part) via inhibition of differentiation of extravillous 

trophoblast into giant multinucleated cells and subsequent placentation 

and thrombosis of the (micro-) vasculature of the placenta.12

Anticoagulants for the prevention of pregnancy complications

The etiologic parallel between vte and pregnancy complications as mani-

festations of thrombophilia is further extended to therapeutic approaches. 

vte can be adequately prevented and treated by administration of antico-

agulants.13 The use of anticoagulants to prevent pregnancy complications 

was first described in 1973 in a case series of three patients with a history 

of pregnancies complicated by intrauterine fetal death or dysmaturity.14 In 

all women, placental infarction was observed in the previous pregnancies 

and the successful outcome of the subsequent pregnancy (an uneventful 

pregnancy leading to the birth of a healthy neonate and no or only minor 

placental infarction) was ascribed to the use of vitamin K antagonists or 

heparin.

Introduction and outlineChapter 1
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tra-uterine fetal deaths and inherited thrombophilia are randomized to 

either lmwh or no intervention in a subsequent pregnancy and the prima-

ry outcome of the study is live birth. Next, in Chapter 5b we explain how 

designing, preparing and executing this international multi-center trial 

proved to be both edifying and challenging, and we suggest how to handle 

some of the difficulties that are encountered when setting up such a trial.

With the knowledge of the associations between recurrent miscarriage 

and thrombophilia, physicians are often tempted to perform thrombophil-

ia testing in these women. However, the test results may not alter clini-

cal management in the absence of evidence on the efficacy of treatment. 

Whether testing for inherited thrombophilia is justified is therefore dis-

cussed in Chapter 6. As final chapter of Part I, we present the protocol of 

a systematic review and individual patient data meta-analysis to evaluate 

the efficacy of lmwh for the prevention of placenta-mediated pregnancy 

complications, including pre-eclampsia and recurrent pregnancy loss in 

Chapter 7.

Part II

Genetic variants in the Annexin A5 gene are evaluated as a potential new 

form of inherited thrombophilia in Part II. We first investigated whether 

the risk of deep venous thrombosis is increased in carriers of these vari-

ants in a case-control study. The frequency of single nucleotide polymor-

phisms and haplotypes in the Annexin A5 gene were compared between 

patients with a documented proximal deep venous thrombosis of the leg 

and controls in whom the diagnosis was ruled out and the results are de-

tailed in Chapter 8. Next, in Chapter 9 a case-control study is presented, 

in which we evaluate whether these variants convey an increased risk of 

pre-eclampsia. Finally, we calculate the prevalence of Annexin A5 gene 

variants in women with recurrent miscarriage in the Netherlands and 

compare this to the prevalence in Dutch population controls and to the 

prevalence in women with recurrent miscarriage as reported in the liter-

ature. Furthermore, in exploratory analyses, we assessed whether women 

with recurrent miscarriage who carry these Annexin A5 gene variants ben-

efit from anticoagulant treatment in a subsequent pregnancy. This study is 

described in Chapter 10.

A reduction of Annexin A5 levels may be the mechanism by which throm-

bosis and pregnancy loss occur in the antiphospholipid syndrome. Anoth-

er hypothesis is that Annexin A5 gene variants lead to reduced Annexin A5 

mrna levels and protein levels, thereby resulting in a form of thrombo-

philia. In the Part II of this thesis, we aim to investigate this, by evaluating 

Annexin A5 genetic variants as potential risk factor for vte, recurrent mis-

carriage and pre-eclampsia and their association with placental Annexin 

A5 mrna expression of.

Outline of the thesis

Part I

In Chapter 2 we discuss the association between thrombophilia and preg-

nancy loss and the prognosis of subsequent pregnancies in women with 

or without thrombophilia. Furthermore, we summarize the available evi-

dence on the use of antithrombotic therapy to prevent recurrence of preg-

nancy loss. Although several studies evaluated the outcome of the first 

subsequent pregnancy after a diagnosis of recurrent miscarriage, the prog-

nosis of these women over a longer time period, including multiple preg-

nancy attempts is not well known. We therefore performed a cohort study, 

described in Chapter 3, in which data of subsequent pregnancies during 

a maximum of 14 years follow-up are collected of women with recurrent 

miscarriage who participated in the alife study. With these data we calcu-

lated the proportion of women who achieved a live birth and assessed the 

cumulative incidence of live birth, taking competing risks (loss of fertility 

due to age) into account.

As results of studies on the efficacy of antithrombotic therapy in wom-

en with recurrent miscarriage vary from no effect to a 60% higher chance 

of live birth when treated with lmwh, we performed a systematic review. 

In this analysis, described in Chapter 4, we focus on women with unex-

plained recurrent miscarriage up to 24 weeks’ gestation with or without 

inherited thrombophilia and evaluate the efficacy of lmwh and/or aspirin 

on live birth.

Women with inherited thrombophilia form a specific subgroup for whom a 

beneficial effect of anticoagulants on their chance of live birth in a subse-

quent pregnancy is often assumed, but without solid evidence. We there-

fore initiated the alife2 study of which the protocol is outlined in Chapter 

5a. In the alife2 study, women with two or more miscarriages and/or in-

Introduction and outlineChapter 1
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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

Antithrombotic therapy for pregnancy lossChapter 2
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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:

Antithrombotic therapy for pregnancy lossChapter 2
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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.
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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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Abstract

Several studies evaluated the outcome of the first pregnancy after recur-

rent miscarriage. We aimed to determine the chance of a live birth over an 

extended follow-up period and to investigate the relevance of prognostic 

variables for time to live birth, including inherited thrombophilia. We col-

lected data on pregnancies occurring in women who previously partici-

pated in the alife study (isrctn 58496168), a randomized controlled trial 

investigating the efficacy of antithrombotic therapy on live birth in women 

with unexplained recurrent miscarriage. Follow-up data were available for 

271 of 364 (74%) women, with a median follow-up of 84 months (15 to 169 

months). The median time to a live birth was 19 months [9 to 105 months], 

and the cumulative probability of live birth, taking competing risks into 

account, was 15%, 55%, 77% and 81% after 1, 2, 5 and 10 years respectively. 

The cumulative probability of live birth was similar in women with and 

without inherited thrombophilia (hazard ratio 1.15, 95% confidence inter-

val 0.77 – 1.72). The 81% cumulative incidence of live birth after 10 years 

is reassuring information for women with unexplained recurrent miscar-

riage with or without inherited thrombophilia. This is essential informa-

tion when counselling couples with recurrent miscarriage.

Introduction

Recurrent miscarriage, as defined by the loss of two or more pregnancies 

before the fetus reaches a viable age, affects approximately 3% of women 

attempting to conceive.1 Hematologists are often involved in the evalua-

tion and management of these patients, especially when thrombophilia 

is present. Low-molecular-weight heparin and acetylsalicylic acid are pre-

scribed to women diagnosed with recurrent miscarriage in antiphospho-

lipid syndrome to increase the chance of live birth in a subsequent preg-

nancy.2 Whether anticoagulants increase the chance of live birth in women 

with recurrent miscarriage and inherited thrombophilia is currently being 

evaluated (ntr3361, www.trialregister.nl).

When counselling couples with recurrent miscarriage, not only informa-

tion regarding their chance of a live birth in a subsequent pregnancy is 

important, but also their chance of a live birth if more pregnancy attempts 

are made. Women with recurrent miscarriage are prone to undergo many 

diagnostic tests and ineffective therapeutic interventions.3 If the prognosis 
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Materials and methods

Study population and design

The study population consisted of women who had participated in the 

alife study (isrctn 58496168), as reported previously.15 In short, from 2004 

through 2008, 364 women with two or more unexplained miscarriages be-

fore 20 weeks’ gestation were randomized to receive either low-molecu-

lar-weight heparin (lmwh) plus acetylsalicylic acid (asa), asa only or pla-

cebo (for asa). At time of randomization, they were either attempting to 

conceive or less than six weeks pregnant. Unexplained recurrent miscar-

riage was diagnosed in case of absence of abnormal parental karyotype, 

significant intrauterine abnormalities, lupus anticoagulant or anti-cardi-

olipin IgG and IgM antibodies, and abnormal fasting level of homocysteine.

Between November 2012 and September 2014, we sent information on the 

study and a request for participation by postal mail, and subsequently 

contacted women by phone to collect follow-up data. Data on all pregnan-

cies after the alife study including dates and outcomes were collected us-

ing a predefined case record form. Only for women who were not reached 

after multiple attempts but for whom medical charts were available in the 

Academic Medical Center (the central study centre), medical charts were 

reviewed.

We defined the date of the last pregnancy before randomization in alife as 

baseline (start of follow-up).

Outcome

The primary outcome was time to birth of a living neonate in the period 

from the last pregnancy prior to randomization in the alife study until the 

end of follow-up.

Statistical analyses

The probability of a live birth was estimated using a competing risks anal-

ysis, where reaching the age of 46 years was considered as a competing 

risk for live birth. Data were censored when a live birth had not occurred or 

the age of 46 had not been reached before the end of follow-up.

of women with recurrent miscarriage is good, this provides an opportunity 

to reduce burden and costs considerably.4

Several studies have evaluated the chance of live birth in the first pregnan-

cy after diagnosis of recurrent miscarriage, with success rates depending 

on study population, onset of follow-up and definition of study outcome.5 

In a landmark study of 325 non-pregnant women with two or more unex-

plained miscarriages, 51% had an ongoing pregnancy beyond 24 weeks in 

the first subsequent pregnancy.6 Recently, two large studies investigated 

the chance of live birth over time after recurrent miscarriage. In one study 

of 1250 women with two or more consecutive and unexplained pregnancy 

losses, 866 (69%) had at least one live birth.7 However, the duration of fol-

low-up was not described and remarkably, all women achieved at least one 

pregnancy. In the other study, 987 women with three or more consecutive 

losses before 22 weeks’ gestation were followed during a maximum of 22 

years, during which 67% had a live birth after 5 years, and 71.% after 15 

years.8 In this study, the cumulative incidence of live birth was calculated 

without considering age as a competing risk for live birth, which less ac-

curately represents the probability of a live birth since women will not be 

able to have a live birth after reaching the age of 46 years. Furthermore, 

none of these studies investigated the effect of inherited thrombophilia.

The majority of women with rm prefers to obtaining novel information on 

rm as a part of supportive care.9 The number of preceding miscarriages, 

timing of previous pregnancy losses (second or third trimester losses, in-

cluding intra-uterine fatal deaths), previous live birth, maternal age, and 

an underlying factor such as hormonal or chromosomal abnormalities, 

and acquired thrombophilia, i.e. presence of antiphospholipid antibodies 

are considered determinants for prognosis.10 Whether inherited thrombo-

philia increases the risk of miscarriage after recurrent miscarriage is con-

troversial.11-13

We recently reported the time to conception and time to live birth in the 

first pregnancy of 251 women with unexplained recurrent miscarriage 

who had become pregnant in the alife study.14/15 Time to conception was 

about 2-fold shorter in women who carried Factor V Leiden as compared to 

non-carriers, whereas the median time to live birth was 102 weeks. Here, 

we report the long-term prognosis over an extended follow-up period, af-

ter diagnosis of unexplained recurrent miscarriage. Furthermore, we in-

vestigated the role of potential prognostic variables, including inherited 

thrombophilia.
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Results

A flow chart of the study population is depicted in figure i. Of 364 partici-

pants in the alife study, 3 (0.8%) women had died after participation in the 

study, and follow-up data were available for 271 (74%) women, including 

16 women of whom additional follow-up data were retrieved from medical 

charts. Of the 167 women who did not have a live birth during alife, fol-

low-up data were available for 113 (68%) women. Baseline characteristics 

for the full cohort and for women of whom follow-up data were available 

are summarized separately (table i). The mean age of the full cohort at 

baseline was 32.7 (range 20-42) years and the median time of follow-up 

since last pregnancy prior to randomization was 7 (range 1 to 14) years for 

women of whom follow-up data were obtained.

figure i - Flow chart of study population.

The flow chart indicates which women were included in the primary and secondary analysis.

We used data of women who participated in the follow-up study (primary 

analysis). We also performed a secondary analysis, including all women 

who participated in the alife study (n = 364). For women without available 

follow-up data, only data available from their participation in the alife 

study were included. In the secondary analysis, data of women of whom 

no follow-up data were available were censored when a miscarriage, ex-

tra-uterine pregnancy or termination of pregnancy occurred in the alife 

study period, when pregnancy was not reached within 24 months after 

randomization in the alife study or at July 2009 (end of the alife study), 

whichever came first. For women who dropped out, were lost to follow-up 

in the alife study or who were not reached in follow-up, data were cen-

sored at the timing of drop out (if known) or at 1 year post-randomization.

To investigate predictors of time to live birth, data of women of whom fol-

low-up data were available were used. We first explored the relative prog-

nostic significance of maternal age (age at the time of the last pregnancy 

before alife, as categorical covariate (categorized as age younger than 26, 

26 to 30, 31 to 35, 36 to 40, and 41 years or older), the number of preceding 

miscarriages (two versus three or more miscarriages as dichotomous co-

variate), previous live birth (yes or no) and inherited thrombophilia (pres-

ence of any form of inherited thrombophilia, yes or no; and Factor V Leiden 

separately, yes or no) for time to live birth in univariate analyses. Next, a 

multivariable proportional hazards model corrected for competing risks 

was performed, to evaluate the individual contributions of the predictors. 

Inclusion in the final model was determined by backward stepwise elimi-

nation, with a probability of f-to-remove ≥0.2.

Statistical analyses were performed using spss version 20.0 software and 

using the r statistical package version 3.1.1 (r Foundation for Statistical 

Computing, Vienna, Austria). Two-sided probability values of <0.05 were 

considered statistically significant.

Ethics

The alife study was approved by the local ethics committee (ethics regis-

tration no. 02/173) and all women provided written informed consent. For 

this follow-up study, the local ethics committee of the Academic Medical 

Center did not deem formal assessment necessary due to the nature of the 

questionnaires (waiver registration no. 2011_336#C20121219)
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Live birth and time to live birth

In the primary analysis of 271 women with complete follow-up data, 213 

(79%) achieved a live birth (table ii). Of these, 158 (58%) had a live birth dur-

ing their participation in the alife study, whereas 55 women (20%) had at 

least one live birth thereafter. The number of pregnancies calculated from 

the start of follow-up ranged from 0 to 12, with 10 women who had 6 or 

more pregnancies. The median time to live birth was 19 months, ranging 

from 9 months to 105 months.

figure ii shows the cumulative probability of live birth, taking into account 

competing risks. The probabilities of live birth were 15%, 55%, 77% and 81% 

after 1, 2, 5 and 10 years respectively, with only limited increase of the 

probability after 4 years.

In the secondary analysis, also including data of women of whom only 

data during their participation in the alife were available, the cumulative 

probability of live birth did not differ materially from the primary analyses 

(increasing from 15%, 54%, 77%, to 81% after 1, 2, 5 and 10 years respec-

tively.

Determinants of prognosis

Results of the univariate and multivariable analyses of the association be-

tween patient characteristics and time to live birth are shown in table iii. 

Although age was not significantly associated with time to live birth in 

the univariate analysis, a trend for an inverse association was observed 

between age and time to live birth when the age categories (31-35, 36-40, 

≥41 years) were compared to the reference category (26-30 years). A history 

of three or more previous miscarriages was significantly associated with a 

longer time to live birth in univariate analysis when compared to a history 

of two miscarriages.

In the multivariable analysis with all potential prognostic variables in the 

model (full model), only the number of previous miscarriages (hr 0.75, 95% 

ci 0.57 – 0.97) was an independent predictor of time to live birth, while a 

previous live birth and presence of any form of inherited thrombophil-

ia were not significantly associated. After stepwise backward elimination 

only the number of previous miscarriages remained in the model, corre-

sponding to live birth probabilities of 15%, 63%, 86% and 88% after 1, 2, 5 

and 10 years in women with two miscarriages versus 15%, 50%, 71% and 

table i - Baseline characteristics of women with recurrent miscarriage.

* Measured at time of randomization in alife study. bmi-data were available for 258 women. 

† Among patients who were evaluated for inherited thrombophilia, deficiencies were defined as 

<70% of normal activity for protein C, less than 65% for total protein S and less than 80% for an-

tithrombin. Results of complete inherited thrombophilia testing were available for 225 women, 

ranging per thrombophilic factor from n = 232 to n = 268).

‡ 4 women were included early in the alife study because of 1 miscarriage <20 weeks’ gestation 

and 1 intra-uterine fetal death. Thereafter, the study protocol was amended, limiting the inclu-

sion criteria to 2 miscarriages before 20 weeks’ gestation.
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figure ii - Cumulative probability of a first live birth.

a

b

73% in women with three or more miscarriages (figure ii-b).

Factor V Leiden, when tested independently of the other forms of inher-

ited thrombophilia, was not associated with time to live birth in both the 

univariate analysis (hr 0.90, 95% ci 0.52 – 1.57) and multivariable analysis.

table ii - Number of pregnancies and live births during follow-up in women with recurrent 

miscarriage.

Percentage totals do not always meet 100% due to rounding.
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table iii - Proportional hazards for live birth for prognostic variables corrected for compet-

ing risks in women with unexplained recurrent miscarriage (n = 271).

hr hazard ratio; ci confidence interval; * Full model. † After stepwise backward elimination. 

‡ Results of complete inherited thrombophilia testing were available for 302 women (47 women 

tested positive for at least one of the thrombophilic factors). For this analyses all women with 

no or incomplete inherited thrombophilia test result were considered negative for inherited 

thrombophilia.

c

(A) Cumulative probability of a first live birth or competing risk for live birth (i.e. reaching the age 

of 46) in 271 women with unexplained recurrent miscarriage. (B) Cumulative probability of a first 

live birth or competing risk for live birth (i.e. reaching the age of 46) after unexplained recurrent 

miscarriage; compared between women with 2 vs 3 or more previous miscarriages. (C) Cumula-

tive probability of a first live birth or competing risk for live birth (i.e. reaching the age of 46) after 

unexplained recurrent miscarriage; compared between women with inherited thrombophilia vs 

no inherited thrombophilia. t = 0 indicates the start of follow-up, defined as the date of the last 

pregnancy before randomization in the alife study.
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Three women (0.8%) had died during the follow-up period. One woman 

died at 42 years of age of a carcinoma of unknown primary origin, the sec-

ond woman died shortly after she had an anterior myocardial infarction 

at 35 years of age, and the third was found in her home (30 years of age), 

with unknown cause of death. Although this is an unusual high number of 

deaths in such a young population, we have no study-related explanation 

for this.

This study has some limitations. Follow-up data were not available for all 

364 women who participated in the alife study. However, because of the 

high response rate of 74% and as both the baseline characteristics as well 

as the cumulative probability of live birth were the same for the group of 

women reached in follow-up (n = 271) and for the total cohort (n = 364) (i.e. 

81%), we believe this is a representative sample. Furthermore, whether fol-

low-up was obtained or not appeared to be random as it was mostly due 

to loss of contact information. Very few women refused participation in 

the questionnaire study. Unfortunately, reliable data on treatment during 

pregnancies could not be obtained, as women often did not recall if they 

were treated and if so, during which pregnancy they had received treat-

ment. This information would have been of value, and should be collected 

in a prospective study, especially as for women with inherited thrombo-

philia, it is unclear if treatment with anticoagulants increases their chance 

of live birth.18

We believe that the current approach has provided valuable information. 

Instead of using medical charts, which can be incomplete in case women 

received care of their pregnancies in different hospitals, for the vast major-

ity we obtained data from the women themselves.

The population investigated in this study consists of women who partici-

pated in the alife study. This may be considered a limitation to the gener-

alisability of the results. However, as the alife-study population appeared 

representative of the recurrent miscarriage-clinic patients, participation 

in the study was offered to each candidate and refusal of participation did 

not appear associated with a better or worse prognosis, we are confident 

that the results apply to all women with unexplained recurrent miscar-

riage. A full thrombophilia screen was available for 229 women (85%) and 

only 41 women tested positive for any inherited thrombophilia (18%), of 

whom 19 for Factor V Leiden. As women with missing data were consid-

ered negative for the thrombophilic factor concerned in the analyses the 

actual prevalence was likely higher and this may have led to an underesti-

mation of a potential effect of inherited thrombophilia.

Discussion

Our study indicates that women with two or more unexplained miscar-

riages have a cumulative probability of live birth of 81%. An increasing 

number of previous miscarriages (i.e. three or more) was associated with a 

longer time to live birth when compared to a history of two miscarriages. 

Furthermore, we observed that time to live birth in women with inherited 

thrombophilia does not differ from women without inherited thrombo-

philia.

To our knowledge, this is the first study evaluating live birth and time to 

live birth during extended follow-up of up to 14 years in a cohort of wom-

en with unexplained recurrent miscarriage, who were not already preg-

nant at the start of follow-up. The high cumulative probability in our study 

as compared to other studies may be explained by differences in study 

populations, or differences in statistical methods. A previous study in 987 

women found a lower live birth rate of 71% after 15 years, but included 

women with both explained and unexplained recurrent miscarriage and 

did not include women with two miscarriages.8 In the present analysis, we 

corrected for the competing risk of reaching the age at which achieving a 

live birth was considered impossible, i.e. 46 years. Not taking this into con-

sideration in the analysis might lead to an underestimation of the result.

Our observation that an increasing number of miscarriages adversely af-

fects the probability of live birth, is in line with the before mentioned study 

which reported a hazard ratio of live birth 5 years after consultation of 0.55 

(95% ci 0.41 – 0.74) for women with six or more miscarriages when com-

pared to women with three previous miscarriages.8

Remarkably, our study indicates that maternal age is not predictive of time 

to live birth. Although in the univariate analyses older women had a worse 

prognosis, this was not substantiated in the multivariable model.

In the same cohort, taking first subsequent pregnancies only into account, 

we found that Factor V Leiden was associated with shorter time to con-

ception.14 In the current analyses, neither Factor V Leiden independently, 

nor the presence of any thrombophilic factor were associated with time to 

live birth. It could be hypothesized that the detrimental effect of Factor V 

Leiden in terms of an increased risk of miscarriages does not translate to 

a longer time to live birth, potentially because of a shorter time to concep-

tion.16/17
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The cumulative probability of live birth during a follow-up period of 10 

years was 81% for all women and 73% for women with three or more mis-

carriages. This can be interpreted as the chance of live birth in case a wom-

an is granted another 10 fertile years during which she keeps attempt-

ing to conceive. In conclusion, this study indicates that the prognosis of 

women with unexplained recurrent miscarriage is generally good and not 

affected by the presence of inherited thrombophilia.
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Abstract

Background: Since hypercoagulability might result in recurrent miscarriage, 

anticoagulant agents could potentially increase the chance of live birth 

in subsequent pregnancies in women with unexplained recurrent miscar-

riage, with or without inherited thrombophilia.

Objectives: To evaluate the efficacy and safety of anticoagulant agents, 

such as aspirin and heparin, in women with a history of at least two unex-

plained miscarriages with or without inherited thrombophilia.

Search methods: We searched the Cochrane Pregnancy and Childbirth 

Group’s Trials Register (1 October 2013) and scanned bibliographies of all 

located articles for any unidentified articles.

Selection criteria: Randomised and quasi-randomised controlled trials that 

assessed the effect of anticoagulant treatment on live birth in women with 

a history of at least two unexplained miscarriages with or without inher-

ited thrombophilia were eligible. Interventions included aspirin, unfrac-

tionated heparin (ufh), and low molecular weight heparin (lmwh) for the 

prevention of miscarriage. One treatment could be compared with another 

or with no-treatment (or placebo).

Data collection and analysis: Two review authors (pj and sk) assessed the 

studies for inclusion in the review and extracted the data. If necessary 

they contacted study authors for more information. We double checked 

the data.

Main results: Nine studies, including data of 1228 women, were included in 

the review evaluating the effect of either lmwh (enoxaparin or nadroparin 

in varying doses) or aspirin or a combination of both, on the chance of 

live birth in women with recurrent miscarriage, with or without inherited 

thrombophilia. Studies were heterogeneous with regard to study design 

and treatment regimen and three studies were considered to be at high 

risk of bias. Two of these three studies at high risk of bias showed a ben-

efit of one treatment over the other, but in sensitivity analyses (in which 

studies at high risk of bias were excluded) anticoagulants did not have a 

beneficial effect on live birth, regardless of which anticoagulant was eval-

uated (risk ratio (rr) for live birth in women who received aspirin com-

pared to placebo 0.94, (95% confidence interval (ci) 0.80 to 1.11, n = 256), 

in women who received lmwh compared to aspirin rr 1.08 (95% ci 0.93 to 

1.26, n = 239), and in women who received lmwh and aspirin compared to 

no-treatment rr 1.01 (95% ci 0.87 to 1.16) n = 322).
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Furthermore, the presence of parenteral chromosome abnormalities, 

which is a known risk factor for recurrent miscarriage,12 as well as the 

presence of antiphospholipid antibodies, another known risk factor for 

recurrent miscarriage,7 are not different in women with two or three mis-

carriages.13/14 We therefore chose to use the broad definition of rm in this 

review: two or more not necessarily consecutive miscarriages.

Miscarriage is associated with relevant maternal morbidity like bleeding 

and infection and, sometimes, maternal death,15 particularly in low-in-

come countries.16 Moreover, miscarriage, especially if recurrent, might 

cause important psychological and emotional distress that can be further 

complicated by feelings of anxiety and depression as well as social with-

drawal.17/18

Several factors may be involved in the aetiology of rm. Women experienc-

ing rm may have an underlying medical condition such as carrier status of 

a structural chromosome abnormality,12/19 antiphospholipid syndrome, or 

other blood clotting disorders generally referred to as thrombophilias20 or 

a septate uterus.21 Factors less strongly associated with rm are hyperhomo-

cysteinemia and endocrine abnormalities.22

Thrombophilia is a diverse group of coagulation disorders associated with 

a predisposition to thrombosis and thus increased risk for thrombotic 

events such as deep vein thrombosis and pulmonary embolism. These hy-

percoagulable states can either be inherited as the Factor V Leiden muta-

tion (which results in a decreased capacity to inactivate activated factor 

V by the protein C system, also known as activated protein C (apc) resist-

ance), the deficiency of physiological anticoagulants like protein C, protein 

S and antithrombin and the prothrombin g20210a gene mutation (result-

ing in increased concentrations of prothrombin in plasma) or an elevated 

level of factor viii-ac23 or acquired, as for instance the antiphospholipid 

syndrome. In this latter syndrome, the predisposition to thrombosis is ac-

quired due to the presence of antiphospholipid antibodies .24

A growing body of evidence has implicated thrombophilia in adverse ob-

stetrical events (such as intrauterine growth restriction, (recurrent) mis-

carriage, severe pre-eclampsia, and placental abruption),25/26 and there is 

also reasonable evidence to suggest that some cases of rm are associated 

with thrombosis of placental vessels and infarction. Firstly, microthrombi 

are a common finding in the placental vasculature of women with rm.27 

Secondly, placental thrombosis and infarction have been described in as-

sociation with certain thrombophilic defects,28/29 but other pathophysio-

logical pathways than thrombosis could also be involved, since adverse 

pregnancy outcomes can occur in women with thrombophilia in the ab-

Obstetric complications such as preterm delivery, pre-eclampsia, intrau-

terine growth restriction and congenital malformations were not signifi-

cantly affected by any treatment regimen. In included studies, aspirin did 

not increase the risk of bleeding, but treatment with lwmh and aspirin in-

creased the risk of bleeding significantly in one study. Local skin reactions 

(pain, itching, swelling) to injection of lmwh were reported in almost 40% 

of patients in the same study.

Authors’ conclusions: There is a limited number of studies on the efficacy 

and safety of aspirin and heparin in women with a history of at least two 

unexplained miscarriages with or without inherited thrombophilia. Of the 

nine reviewed studies quality varied, different treatments were studied 

and of the studies at low risk of bias only one was placebo-controlled. No 

beneficial effect of anticoagulants in studies at low risk of bias was found. 

Therefore, this review does not support the use of anticoagulants in wom-

en with unexplained recurrent miscarriage. The effect of anticoagulants 

in women with unexplained recurrent miscarriage and inherited throm-

bophilia needs to be assessed in further randomised controlled trials; at 

present there is no evidence of a beneficial effect.

Background

Description of the condition

Up to 15% of all clinically recognised pregnancies end in miscarriage (mis-

carriage before the 20th week of gestational age).1/2 Approximately 5% of 

women experience two or more miscarriages (recurrent miscarriage, rm), 

whereas three or more first trimester miscarriages may affect as many as 

1% to 2% of women of reproductive age.3-5 rm is devastating for women and 

their families. The definition of rm remains a subject of debate. The World 

Health Organization (who) defines miscarriage as the spontaneous loss of 

a clinical pregnancy that occurs before 20 completed weeks of gestational 

age.6 Often rm is defined as three or more consecutive miscarriages. Ac-

cording to recent European Society for Human Reproduction & Embryology 

(eshre) guidelines, rm is traditionally defined as three or more consecutive 

miscarriages occurring before 20 weeks’ gestation.7 Recent evidence shows 

that two miscarriages constitute rm.8/9 Adequate characterisation of mis-

carriages and patients in rm studies is most important and, favourably, 

would make studies mutually comparable.10 The risk of miscarriage after 

two or three consecutive miscarriages is similar.11
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Description of the intervention

The use of anticoagulants in pregnancy needs to be carefully evaluated for 

efficacy and safety since it can carry risks for the mother and the fetus. 

Coumarin derivatives are anticoagulant drugs used most often in case of 

thrombosis, but cross the placenta and can display teratogenic effects. In 

contrast to coumarin derivatives, neither ufh nor lmwh cross the placenta 

and therefore do not have the potential to cause fetal bleeding and terato-

genicity.51 The maternal risks associated with heparin administration are 

uncommon but potentially serious and include bleeding, heparin-induced 

thrombocytopenia and heparin-induced osteopenia with fractures. Moreo-

ver, heparin administration may cause pain and slight bruising at injection 

sites. There is accumulating evidence that lmwh is at least as effective and 

safe as ufh with potential advantages during pregnancy, since they cause 

less heparin-induced thrombocytopenia, can be administered once daily, 

and are associated with a lower risk of heparin-induced osteoporosis.51-53 

Based on current evidence, aspirin (less than 150 mg/d) during the second 

and third trimesters appears to be safe, while the safety of higher doses of 

aspirin during the first trimester remains uncertain.51/52/54 The use of hepa-

rin in pregnancy has been covered in another Cochrane review.55

Why it is important to do this review

In clinical practice, women with rm associated with inherited thrombophil-

ia or rm without any other apparent predisposing disorder are frequently 

seeking advice about the indication for anticoagulant treatment. Some cli-

nicians tend to extrapolate the beneficial effect of anticoagulant therapy 

in women with antiphospholipid syndrome and rm to all women with rm. 

Whether there is evidence for an effect of anticoagulants in women with 

rm – either unexplained or associated with inherited thrombophilia – is 

the objective of this review.

Objectives

The objective of this review was to determine whether anticoagulant treat-

ment improves the chance of a live birth in women with a history of at least 

two unexplained miscarriages with or without inherited thrombophilia.

sence of placental thrombosis.30 Thirdly, thrombophilic defects are signif-

icantly more prevalent amongst women with such pregnancy complica-

tions.31/32 A meta-analysis of population-based studies showed that the 

magnitude of the association with thrombophilia varies according to the 

timing of fetal loss.32 In particular, first trimester rm was associated with 

Factor V Leiden mutation, apc resistance, and prothrombin g20210a muta-

tion, while late non-recurrent fetal loss was associated with Factor V Lei-

den mutation, prothrombin g20210a mutation, and protein S deficiency. 

Also, family studies showed that women with inherited thrombophilia, 

especially those with combined defects or antithrombin deficiency, have 

an increased risk of miscarriage and intrauterine fetal death compared to 

women without these defects.33-35

The antiphospholipid syndrome is an acquired thrombophilia and asso-

ciated both with vascular thrombosis and pregnancy complications (in-

cluding rm and premature delivery).36 These adverse pregnancy outcomes 

may result from placental infarctions and thrombotic changes in decidual 

microvessels.37/38 The use of antithrombotic agents heparin (unfractionat-

ed heparin or low-molecular-weight heparin (lmwh)) and aspirin has been 

studied in women with antiphospholipid syndrome. Both agents have 

anti-clotting properties, but these work differently: heparin increases the 

effect of the natural anticoagulant antithrombin; whereas aspirin inhib-

its platelet aggregation. Heparin and aspirin seem to be effective and safe 

in reducing miscarriage rates in women with antiphospholipid syndrome 

with significantly better pregnancy outcome than aspirin alone (rate of live 

births of 71% to 80% versus 42% to 44% respectively, an absolute risk dif-

ference of 36%),39/40 although findings have not always been consistent.41/42 

Inconsistency in these study results may be explained by alternate treat-

ment regimens, or the use of different diagnostic criteria, as these have 

been revised over time by consensus.43 Both the therapy for rm associated 

with the antiphospholipid syndrome and other possible therapies current-

ly considered for the prevention of rm (as progesterone and immunother-

apy) are the topics covered in other Cochrane reviews.44-46

Estimates of the prognosis of subsequent pregnancies in women with rm 

without antiphospholipid syndrome range from live birth rates of approxi-

mately 50% to 89%.5/47-50 For women with rm and underlying thrombophilic 

disorders, these figures range from 63% to 80%.34/50 The differences be-

tween studies can probably be explained by differences in the populations 

of women participating in the studies.
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Types of outcome measures

Primary outcomes

Live birth.

Secondary outcomes

1. Preterm delivery of a live infant before 37 weeks’

 gestational age (not a prespecified outcome).

2. Preterm delivery of a live infant between 24 and 28 weeks’

 gestational age.

3. Preterm delivery of a live infant between 28 and 32 weeks’

 gestational age.

4. Preterm delivery of a live infant between 32 and 37 weeks’

 gestational age.

5. Obstetric complications (gestational hypertension, pre-eclampsia,

 intrauterine growth restriction).

6. Congenital malformations.

7. Admission to special care.

8. Side effects of the drug used, both for the mother and the baby

 (maternal and/or neonatal bleeding, heparin-induced thrombo-

 cytopenia, heparin-induced osteopenia, pain, itching or swelling

 at injection sites and allergic reactions to heparin).

9. Thromboembolic complications.

The following methods section of this review is based on a standard tem-

plate used by the Cochrane Pregnancy and Childbirth Group.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Pregnancy and Childbirth Group’s Trials Regis-

ter by contacting the Trials Search Co-ordinator (1 October 2013).

The Cochrane Pregnancy and Childbirth Group’s Trials Register is main-

tained by the Trials Search Co-ordinator and contains trials identified from: 

1. Monthly searches of the Cochrane Central Register of

 Controlled Trials (central).

2. Weekly searches of medline.

3. Weekly searches of Embase.

Methods

Criteria for considering studies for this review

Types of studies

Randomised controlled trials and quasi-randomised controlled trials that 

assessed the effect of anticoagulant treatment on improving the live birth 

rate in women with a history of at least two unexplained miscarriages 

with or without inherited thrombophilia.

Types of participants

Participants were pregnant women with a history of at least two unex-

plained miscarriages with or without inherited thrombophilia. Of studies 

that included women attempting to conceive, but who were not pregnant 

upon randomisation only results of women who became pregnant were 

included. Studies that included women with apparent risk factors (other 

than inherited thrombophilia) of rm (antiphospholipid syndrome; uterine 

abnormalities; patients’ or their partners’ karyotype abnormalities) were 

included only if the results from women with a history of at least two 

unexplained miscarriages with or without inherited thrombophilia could 

be extracted to be analysed separately. For this review, we selected studies 

in women with two or more previous miscarriages up to 24 weeks’ gesta-

tion. The study populations are described whenever possible with regard 

to number of miscarriages, gestational age of the miscarriages, and ma-

ternal age.

Types of interventions

The interventions included were aspirin, ufh, and lmwh for the prevention 

of miscarriage. One treatment could be compared with another or with no 

treatment (or placebo). Combinations of therapy could be used. To exclude 

a potential lack of efficacy due to a limited duration of treatment, only 

studies in which the investigational treatment was started at a maximum 

of 12 weeks’ gestation and continued beyond 32 weeks’ gestation or until 

the end of pregnancy were eligible.
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Dr Kaandorp, Dr Goddijn, and Dr Middeldorp were investigators of the ran-

domised controlled trial alife study and so this trial was assessed by the 

other review authors.57

Assessment of risk of bias in included studies

Two review authors independently assessed risk of bias for each study us-

ing the criteria outlined in the Cochrane Handbook for Systematic Reviews of 

Interventions.58 We resolved any disagreement by discussion or by involving 

a third assessor.

(1) Random sequence generation (checking for possible selection bias)

We described for each included study the method used to generate the 

allocation sequence in sufficient detail to allow an assessment of whether 

it should produce comparable groups. We assessed the method as:

•	 Low	risk	of	bias	(any	truly	random	process,	e.g.	random	number	table.

•	 Computer	random	number	generator).

•	 High	risk	of	bias	(any	non-random	process,	e.g.	odd	or	even	date	of

 birth; hospital or clinic record number).

•	 Unclear	risk	of	bias.

(2) Allocation concealment (checking for possible selection bias)

We described for each included study the method used to conceal alloca-

tion to interventions prior to assignment and assessed whether interven-

tion allocation could have been foreseen in advance of, or during recruit-

ment, or changed after assignment. We assessed the methods as:

•	 Low	risk	of	bias	(e.g.	telephone	or	central	randomisation;	consecutively 

 numbered sealed opaque envelopes).

•	 High	risk	of	bias	(open	random	allocation;	unsealed	or	non-opaque

 envelopes, alternation; date of birth).

•	 Unclear	risk	of	bias.

(3.1) Blinding of participants and personnel (checking for possible performance bias) 

Performance bias and detection bias were not included as criterion for 

quality as we anticipated that the outcome live birth was not influenced 

by blinding.

(3.2) Blinding of outcome assessment (checking for possible detection bias)

Performance bias and detection bias were not included as criterion for 

quality as we anticipated that the outcome live birth was not influenced 

by blinding.

4. Handsearches of 30 journals and the proceedings of major conferences. 

5. Weekly current awareness alerts for a further 44 journals plus monthly 

 BioMed Central email alerts.

Details of the search strategies for central, medline and Embase, the list 

of handsearched journals and conference proceedings, and the list of 

journals reviewed via the current awareness service can be found in the 

‘Specialized Register’ section within the editorial information about the 

Cochrane Pregnancy and Childbirth Group.

Trials identified through the searching activities described above are each 

assigned to a review topic (or topics). The Trials Search Co-ordinator search-

es the register for each review using the topic list rather than keywords.

For additional searching performed for the previous version of the review, 

please see Appendix 4.1.

Searching other resources

We scanned bibliographies of all located articles for further studies.

We did not apply any language restrictions.

Data collection and analysis

For the methods used when assessing the trials identified in the previous 

version of this review, see Appendix 4.2.

For this update we used the following methods when assessing the reports 

identified by the updated search.

Selection of studies

Two review authors independently assessed for inclusion all the potential 

studies we identified as a result of the search strategy. We resolved any dis-

agreement through discussion or, if required, we consulted a third review 

author.

Data extraction and management

We designed a form to extract data. For eligible studies, two review au-

thors extracted the data using the agreed form. We resolved discrepancies 

through discussion or, if required, we consulted a third review author. We 

entered data into Review Manager software and checked for accuracy.56

When information regarding any of the above was unclear, we attempted 

to contact authors of the original reports to provide further details.
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(7) Overall risk of bias

We made explicit judgements about whether studies were at high risk of 

bias, according to the criteria given in the Handbook.58 With reference to (1) 

to (6) above, we assessed the likely magnitude and direction of the bias and 

whether we considered it likely to impact on the findings. We explored the 

impact of the level of bias through undertaking sensitivity analyses – see 

Sensitivity analysis.

Measures of treatment effect

Dichotomous data

For dichotomous data, we presented results as summary risk ratio with 

95% confidence intervals.

Continuous data

We did not analyse any continuous data.

Unit of analysis issues

Cluster-randomised trials

We did not identify any cluster-randomised trials for inclusion in this 

review. In future updates, if identified and eligible, we will include clus-

ter-randomised trials in the analyses along with individually-randomised 

trials. We will adjust their sample sizes using the methods described in 

the Handbook [Section 16.3.4 or 16.3.6] using an estimate of the intraclus-

ter correlation co-efficient (icc) derived from the trial (if possible), from a 

similar trial or from a study of a similar population. If we use iccs from 

other sources, we will report this and conduct sensitivity analyses to in-

vestigate the effect of variation in the icc. If we identify both cluster-ran-

domised trials and individually-randomised trials, we plan to synthesise 

the relevant information. We will consider it reasonable to combine the 

results from both if there is little heterogeneity between the study designs 

and the interaction between the effect of intervention and the choice of 

randomisation unit is considered to be unlikely. We will also acknowledge 

heterogeneity in the randomisation unit and perform a sensitivity analysis 

to investigate the effects of the randomisation unit.

(4) Incomplete outcome data (checking for possible attrition bias due to the amount, 

nature and handling of incomplete outcome data)

We described for each included study, and for each outcome or class of out-

comes, the completeness of data including attrition and exclusions from 

the analysis. We state whether attrition and exclusions were reported and 

the numbers included in the analysis at each stage (compared with the 

total randomised participants), reasons for attrition or exclusion where re-

ported, and whether missing data were balanced across groups or were re-

lated to outcomes. Where sufficient information was reported, or could be 

supplied by the trial authors, we re-included missing data in the analyses 

which we undertook. We assessed methods as:

•	 Low	risk	of	bias	(e.g.	no	missing	outcome	data;	missing	outcome	data 

 balanced across groups; ≤20% participants missing).

•	 High	risk	of	bias	(e.g.	numbers	or	reasons	for	missing	data	imbalanced 

 across groups; ‘as treated’ analysis done with substantial departure of 

 intervention received from that assigned at randomisation; more than 

 20% participants missing).

•	 Unclear	risk	of	bias.

(5) Selective reporting (checking for reporting bias)

We described for each included study how we investigated the possibility 

of selective outcome reporting bias. We assessed the methods as:

•	 Low	risk	of	bias	 (where	 it	 is	clear	that	all	of	the	study’s	pre-specified 

 outcomes and all expected outcomes of interest to the review have 

 been reported).

•	 High	risk	of	bias	(where	not	all	the	study’s	pre-specified	outcomes	have 

 been reported; one or more reported primary outcomes were not 

 pre-specified; outcomes of interest are reported incompletely and so 

 cannot be used; study fails to include results of a key outcome that 

 would have been expected to have been reported).

•	 Unclear	risk	of	bias.

(6) Other bias (checking for bias due to problems not covered by (1) to (5) above)

We described for each included study any important concerns we have 

about other possible sources of bias. We assessed whether each study was 

free of other problems that could put it at risk of bias:

•	 Low	risk	of	other	bias.

•	 High	risk	of	other	bias.

•	 Unclear	whether	there	is	risk	of	other	bias.
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ogeneity was detected, we used random-effects meta-analysis to produce 

an overall summary, if an average treatment effect across trials was con-

sidered clinically meaningful. The random-effects summary was treated 

as the average of the range of possible treatment effects and we planned 

to discuss the clinical implications of treatment effects differing between 

trials. If the average treatment effect was not clinically meaningful, we did 

not combine trials.

If we used random-effects analyses, the results were presented as the av-

erage treatment effect with 95% confidence intervals, and the estimates of 

Tau² and I².

Subgroup analysis and investigation of heterogeneity

If we identified substantial heterogeneity, we planned to investigate it 

using subgroup analyses and sensitivity analyses. We planned to consid-

er whether an overall summary was meaningful, and if it was, use ran-

dom-effects analysis to produce it.

We planned to carry out the following subgroup analyses:

1. Inherited thrombophilia versus no inherited thrombophilia.

2. Different inherited thrombophilic disorders.

3. Preconceptional versus periconceptional anticoagulant use.

4. Type of anticoagulant(s) used (e.g. single drug, combination of

 anticoagulant agents).

5. Dose of anticoagulant(s).

6. Duration of anticoagulant use.

7. Women with a history of three or more miscarriages.

8. Women with no previous live birth versus women with one

 or more previous live birth.

We planned to use the primary outcome, live birth, in subgroup analyses. 

However, due to lack of data, we were not able to conduct planned sub-

group analysis. We included data from single subgroups in the analysis 

of the primary outcome, but due to lack of data, we did not explore the 

treatment effect between the pre-specified subgroups as outlined above.

In future updates, if more data become available, we will assess subgroup 

differences by interaction tests available within RevMan56 and report the 

results of subgroup analyses quoting the Chi² statistic and P value, and the 

interaction test I² value.

Cross-over trials

Cross-over trials were excluded.

Dealing with missing data

For included studies, we noted levels of attrition. We planned to explore 

the impact of including studies with high levels of missing data in the 

overall assessment of treatment effect by using sensitivity analysis. How-

ever, none of the included studies were considered to be at high risk of 

attrition bias.

For all outcomes, we carried out analyses, as far as possible, on an inten-

tion-to-treat basis, i.e. we attempted to include all participants randomised 

to each group in the analyses, and all participants were analysed in the 

group to which they were allocated, regardless of whether or not they re-

ceived the allocated intervention.

Assessment of heterogeneity

We assessed statistical heterogeneity in each meta-analysis using the T², 

I² and Chi² statistics. We regarded heterogeneity as substantial if an I² was 

greater than 30% and either a T² was greater than zero, or there was a low 

P value (less than 0.10) in the Chi² test for heterogeneity.

Assessment of reporting biases

In future updates, if there are 10 or more studies in the meta-analysis we 

will investigate reporting biases (such as publication bias) using funnel 

plots. We will assess funnel plot asymmetry visually. If asymmetry is sug-

gested by a visual assessment, we will perform exploratory analyses to 

investigate it.

Data synthesis

Data were pooled based on type of intervention, but irrespective of the 

dose of lmwh or aspirin. Only studies in which the investigational treat-

ment was started at a maximum of 12 weeks’ gestation and continued 

beyond 32 weeks’ gestation were included.

We carried out statistical analysis using the Review Manager software.56 

We used fixed-effect meta-analysis for combining data where it was rea-

sonable to assume that studies were estimating the same underlying 

treatment effect: i.e. where trials were examining the same intervention, 

and the trials’ populations and methods were judged sufficiently similar. 

If there was clinical heterogeneity sufficient to expect that the underlying 

treatment effects differed between trials, or if substantial statistical heter-
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compared with intense pregnancy surveillance without pharmacological 

intervention. Women were included upon a positive pregnancy test (before 

seven weeks’ gestation). Investigations for uterine or chromosomal abnor-

malities and antiphospholipid syndrome were conducted only for wom-

en with three or more previous miscarriages. Women who were included 

because of two previous miscarriages were excluded from our analysis, 

because it could not be confirmed that previous miscarriages were ‘unex-

plained’. The primary outcome measure in the study was live birth. Ad-

verse events of intervention were reported, though could not be extracted 

for the women with three or more previous miscarriages. One-hundred 

and twenty-two women were included in the review (64 randomised to 

lmwh and aspirin versus 58 randomised to surveillance).

Dolitzky 2006 evaluated the effect of lmwh compared with aspirin in 104 

women with unexplained rm. rm was defined as three or more consecutive 

first trimester miscarriages or at least two consecutive second trimester 

miscarriages. The objective was to compare the effect of enoxaparin and 

aspirin on live birth rate. Women were only included if there was no ap-

parent risk factors for the miscarriages and women with inherited throm-

bophilia were excluded. The treatment with enoxaparin (40 mg/day) or as-

pirin (100 mg/day) was started from the time of detection of a fetal heart 

beat at six to 12 weeks’ gestation and continued until a gestational age of 

37 weeks. Of the 107 included women, 54 received enoxaparin, 50 aspirin 

and three were lost to follow-up. Besides the primary outcome measure of 

live birth, secondary outcomes like preterm delivery, intrauterine growth 

restriction, and pre-eclampsia were reported.

Fawzy 2008 assessed the effect of lmwh (enoxaparin 20 mg/day) compared 

with combination treatment (oral prednisone and progesterone from the 

onset of pregnancy until 12 weeks of gestation and aspirin from the on-

set of pregnancy until 32 weeks of gestation) compared with placebo (for 

oral intervention) in women with three or more consecutive unexplained 

miscarriages (before 24 weeks’ gestation) with the same partner. Women 

with inherited thrombophilia were excluded. From this study, we extracted 

data for the 107 women receiving enoxaparin or placebo. Of these women, 

57 were assigned to enoxaparin and 50 to placebo. Treatment was started 

when a fetal pole was detected and continued until term. The primary out-

come was live birth, but secondary outcomes such as obstetric complica-

tions and neonatal outcomes were also reported.

Giancotti 2012 evaluated the effect of lmwh or aspirin or a combination 

of these in 167 women with a history of two or more unexplained miscar-

riages before 12 weeks’ gestation. Women with uterine or chromosomal 

Sensitivity analysis

We performed sensitivity analyses for the main outcomes by individual 

quality criteria to assess the effect of poorer quality studies on the mag-

nitude of the estimate of effect. Only studies at an overall low risk of bias 

were included in the initial analyses and we carried out sensitivity analy-

ses to explore the effect of quality.

Results

Description of studies

Included studies

Details for the studies included are in the Characteristics of included stud-

ies. We included nine studies (1228 women for the primary outcome live 

birth) (Badawy 2008; Clark 2010; Dolitzky 2006; Fawzy 2008; Giancotti 2012 

Kaandorp 2010; Martinelli 2012; Tulppala 1997; Visser 2011) in this review. 

In the studies Badawy 2008 and Dolitzky 2006, full study populations were 

included. For the studies Clark 2010; Fawzy 2008; Giancotti 2012; Kaandorp 

2010; Martinelli 2012; Tulppala 1997; and Visser 2011, we could not include 

full study populations, but had to extract data on the women fulfilling the 

inclusion criteria of the review. Reasons for including only part of the orig-

inal study population are explained for each study.

Badawy 2008 evaluated the effect of lmwh (enoxaparin 20 mg/day) in wom-

en with three or more consecutive first trimester miscarriages. Women 

were included if no risk factors for rm could be identified (women with in-

herited thrombophilia were excluded) and randomised to either treatment 

or no-treatment (no placebo). Therapy was commenced once fetal viability 

was detected on ultrasound and continued until 34 weeks’ gestation. The 

primary outcome was pregnancy loss and pregnancy complications, but 

live births could be calculated from the report and were confirmed by the 

study author. Of 350 women enrolled, 10 women (four (2.3%) and six (3.4%) 

in both arms) were lost to follow-up, leaving 170 women in each study arm 

for analysis. Side effects of treatment were only reported for women ran-

domised to treatment, not in those randomised to no-treatment.

Clark 2010 studied the effect of lmwh (enoxaparin 40 mg/day) and aspirin 

(75 mg/day) from before seven weeks’ gestation until 36 weeks’ gestation 

on live birth in 296 women with rm, defined as a minimum of two consecu-

tive early pregnancy losses (at or before 24 weeks’ gestation). Intervention 

with lmwh and aspirin combined with intense pregnancy surveillance was 
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Tulppala 1997 evaluated the effect of aspirin (50 mg/day) on live birth rate 

in 66 pregnant women with preceding rm with or without detectable anti-

cardiolipin antibodies and no other apparent risk factors for their previous 

miscarriages. rm was defined as three or more consecutive miscarriages 

(occurring before 22 weeks of gestational age). Aspirin was compared with 

placebo, and medication was started as soon as a home urinary pregnan-

cy test became positive and continued until delivery. From this study, we 

extracted data for 54 women who were negative for anticardiolipin anti-

bodies. Of these, 27 were assigned to aspirin and 27 to placebo. Secondary 

outcomes, such as preterm delivery, obstetric complications, and bleeding 

rate could not be extracted separately for the group of women with nega-

tive anticardiolipin antibodies.

Visser 2011 evaluated the effect of lmwh (enoxaparin 40 mg/day) plus oral 

placebo (n = 68) compared with lmwh (enoxaparin 40 mg/day) plus aspi-

rin (100 mg/day) (n = 63), compared with aspirin only (100 mg/day) (n = 76) 

in women with unexplained rm with or without inherited thrombophilia. 

rm was defined as three or more consecutive first trimester miscarriag-

es, two or more second trimester miscarriages or one third trimester fe-

tal loss combined with at least one first trimester miscarriage. Treatment 

was initiated upon randomisation (before seven weeks’ gestation); aspirin 

and placebo were discontinued at 36 weeks’ gestation whereas enoxaparin 

was continued until the first signs of labour. The primary outcome was 

live birth and secondary outcomes were adverse pregnancy outcomes and 

bleeding. Premature delivery, obstetrical complications and congenital 

malformations were reported only for women who had live birth. Study 

authors stated that only one woman was included in the study because of 

rm based on one fetal loss before, and two fetal losses after 24 weeks’ ges-

tation; her data were excluded from this review. Furthermore, data of 10 

women (allocated to enoxaparin plus placebo (n = 3, one live birth), enoxa-

parin plus aspirin (n = 2, one live birth), aspirin only (n = 5, four live births)) 

were excluded because of the presence of Beta-2 glycoprotein antibodies. 

One-hundred and ninety-six women were included in this trial.

As can be noted, no study compared the same treatment regimen. Studies 

compared different doses of lmwh and aspirin or combinations of these, 

and treatment was started at various gestational ages. As described in the 

Methods section, we pooled data based on type of intervention, but irre-

spective of the dose of lmwh or aspirin. Only studies in which the investi-

gational treatment was started at a maximum of 12 weeks’ gestation and 

continued beyond 32 weeks’ gestation were included.

abnormalities were excluded, but women with inherited thrombophilia 

or antiphospholipid syndrome were eligible. Women were randomised to 

lmwh (enoxaparin 40 mg/day from diagnosis of intrauterine pregnancy 

until delivery) or aspirin (100 mg/day from diagnosis of pregnancy until 32 

weeks’ gestation) or first aspirin (100 mg/day from diagnosis of pregnancy), 

which was replaced by lmwh at 32 weeks’ gestation (enoxaparin 40 mg/

day continued until delivery). For this analysis, we included only data from 

women without antiphospholipid antibodies randomised to either lmwh 

(n = 40) or aspirin (n = 46). The primary outcome of the study was live birth, 

and no secondary outcome measures were reported.

Kaandorp 2010 evaluated the effect of open label lmwh (nadroparin 2850 

iu/day) combined with aspirin (80 mg/day) or aspirin only (80 mg/day) com-

pared with placebo in 364 women with unexplained rm with or without 

inherited thrombophilia. Previous miscarriage was defined as pregnancy 

loss at a gestational age of 20 weeks or less. Women were included in the 

study if they were attempting to conceive or were less than six weeks preg-

nant. From this study, we extracted data of the 299 women who became 

pregnant (97 were assigned to aspirin plus nadroparin, 99 were assigned to 

aspirin only and 103 were assigned to placebo). lmwh was initiated when 

a viable intrauterine pregnancy was confirmed on ultrasonography at six 

weeks’ gestation until the start of labour. Aspirin or placebo was started 

at randomisation and continued until a gestational age of 36 weeks. The 

primary outcome was live birth, and secondary outcomes were adverse 

pregnancy outcomes and maternal adverse events. Secondary outcomes 

such as obstetric complications and neonatal events were evaluated for 

200 women with ongoing pregnancy beyond 12 weeks of gestation.

Martinelli 2012 evaluated the effect of open label lmwh (nadroparin 3800 

iu/day), compared with no treatment in 135 women with previous pla-

centa-mediated pregnancy complications. Women with antiphospholipid 

syndrome, uterine anomalies or abnormal karyotype were excluded from 

the study. Inherited thrombophilia was not an exclusion criterion. lmwh 

was compared with medical surveillance only and treatment was initiated 

upon randomisation and continued until delivery. Randomisation was per-

formed around the 12th week of gestation, after pregnancy was confirmed 

on ultrasonography. The primary outcome of the study was a composite 

outcome of several pregnancy complications. For this review we included 

data of six women, who had a history of two or more unexplained miscar-

riages up to 24 weeks’ gestation.
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Blinding (performance bias and detection bias)

As explained in the methods sections, performance bias and detection 

bias were not included as criterion for quality.

Incomplete outcome data (attrition bias)

The study by Kaandorp 2010 was analysed on intention-to-treat basis, in-

cluding women lost to follow-up. Other studies reported outcomes for ran-

domised women minus any participants whose outcomes were missing. 

Numbers of women lost to follow-up were small and well balanced for 

each group and not enough to have a clinically relevant impact on the 

intervention effect estimate. All studies were therefore considered to be at 

low risk of attrition bias.

Selective reporting (reporting bias)

Assessment of reporting bias was impossible for Dolitzky 2006; and Tulp-

pala 1997 as trial registration was not operative at time of inclusion. The 

studies by Badawy 2008, Fawzy 2008 and Giancotti 2012 were considered to 

be at high risk of bias because they were not registered in a prospective tri-

al register. Other studies were considered to be at low risk of reporting bias.

Other potential sources of bias

There were inconsistencies in the report by Badawy 2008, and the report 

by Giancotti 2012 provided no baseline table, which made it impossible 

to determine whether prognostic factors were evenly distributed between 

groups.

Effects of interventions

We included nine studies, involving 1228 participants, in this review. Since 

treatment regimens varied among included studies, pooled analysis could 

not include more than three studies, except for when lmwh with or with-

out aspirin was compared to no treatment. Only one study (Kaandorp 

2010) included women who used anticoagulants preconceptionally. This 

yielded insufficient data to perform the planned subgroup analysis for pre- 

and periconceptional anticoagulant use. Where studies reported pregnan-

cy complications, different denominators (e.g. all pregnant women, only 

ongoing pregnancies, only women with live births) were used in different 

studies and results could not be pooled. This is explained for the compari-

sons of treatment concerned.

Excluded studies

Overall, we excluded 22 studies from the review. We have provided the rea-

sons for exclusion in the Characteristics of excluded studies table.

Three studies are only available in abstract form (Rodger 2009; Salman 

2012; Schleussner 2013) and we are awaiting the full study report, see 

Characteristics of studies awaiting classification.

Risk of bias in included studies

Details for the included studies are shown in the Characteristics of includ-

ed studies and in figure i. 

The studies by Clark 2010; Kaandorp 2010; Martinelli 2012 and Visser 2011 

were considered to be at low risk of bias for all assessed criteria.

figure i - Risk of bias’ summary: review authors’ judgements about each risk of bias item

for each included study.

Allocation (selection bias)

Procedures for adequate allocation concealment were well described in 

the studies by Badawy 2008; Clark 2010; Dolitzky 2006; Giancotti 2012; 

Kaandorp 2010; Martinelli 2012; and Visser 2011. Dr Tulppala provided in-

formation about allocation in her study (Tulppala 1997), which was then 

judged to be at low risk of bias. Based on the report and information pro-

vided by Dr Fawzy regarding treatment allocation, we judged this study 

(Fawzy 2008) to be at high risk of selection bias.
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50% in the study by Visser 2011 in women treated with lmwh versus aspi-

rin respectively.

lmwh versus no treatment

The effect of lmwh was evaluated in three studies (Badawy 2008; Fawzy 

2008; Martinelli 2012). Pooled analysis (n = 453) showed an average RR of 

live birth for women treated with lmwh of 1.23 (95% ci 0.84 to 1.81; Het-

erogeneity: Tau² = 0.09; I² = 80%, Analysis 5.1). Due to substantial statistical 

heterogeneity being detected, we used random-effects meta-analysis in 

Analysis 5.1. When excluding studies at high risk of bias, only the data 

of six women included in the study by Martinelli 2012 could be analysed. 

Of these six women, four were randomised to lmwh and two to no treat-

ment and all six had a live birth during the study (Analysis 4.1). Secondary 

outcomes were only reported by studies at high risk of bias, and could 

not be pooled due to a difference in denominators (pregnancies continued 

beyond 21 weeks in the study by Badawy 2008 and all pregnancies in the 

study by Fawzy 2008). No difference between treatment groups were found 

in individual studies for pregnancy complications, bleeding or thrombo-

embolic events. The study by Badawy 2008 reported that 22% of women 

treated with lmwh experienced symptoms of bleeding and 30% local skin 

reactions.

lmwh and aspirin versus no treatment

The effect of lmwh and aspirin on live birth compared to no treatment or 

placebo was evaluated in two studies (n = 322) (Clark 2010; Kaandorp 2010). 

Live birth occurred as often in women receiving lmwh and aspirin (n = 161) 

as in women who received no treatment (n = 161) (rr for women who re-

ceived lmwh and aspirin 1.01, 95% ci 0.87 to 1.16), Analysis 6.1). Subgroup 

analyses for the outcome live birth could only be performed for the study 

by Kaandorp 2010. For women with no previous live births (rr 1.05, 95% ci 

0.83 to 1.34), or more than two miscarriages (rr 1.00, 95% ci 0.75 to 1.33) 

no effect of treatment was found. Data of women with inherited throm-

bophilia suggested a potential benefit in these women when treated with 

lmwh and aspirin, but the subgroup was underpowered for firm conclu-

sions (rr 1.25, 95% ci 0.74 to 2.12).

Data of secondary outcomes were not available for the study by Clark 2010 

and are therefore only described for the study by Kaandorp 2010. The oc-

currence of obstetric complications did not differ between the two study 

arms. Maternal bleeding (mainly nose or gum bleeds or haematomas) oc-

curred significantly more frequently in women who received treatment; 

Aspirin versus no treatment

Pooled analysis from 256 patients showed that compared to placebo, aspi-

rin did not increase live birth (risk ratio (rr) 0.94, 95% confidence interval 

(ci) 0.80 to 1.11), Analysis 1.1, (Kaandorp 2010; Tulppala 1997). Subgroup 

analyses for the outcome live birth for women with no previous live births 

(rr 0.93, 95% ci 0.72 to 1.21), inherited thrombophilia (rr 1.08, 95% ci 0.63 to 

1.85) or more than two miscarriages (rr 0.95, 95% ci 0.70 to 1.28) could only 

be performed for the study by Kaandorp 2010 and also showed no effect 

of treatment.

Secondary outcomes were not reported by Tulppala 1997. Preterm deliv-

ery, obstetric complications and congenital malformations as reported by 

Kaandorp 2010 for women with ongoing pregnancies beyond 12 weeks’ 

gestation did not differ between the two groups. Bleeding as a side effect 

from treatment (mainly nose or gum bleeds or haematomas) was reported 

for 30% of women receiving aspirin and for 27% women receiving placebo 

(rr 1.11, 95% ci 0.72 to 1.72, Analysis 1.9). It should be noted that bleeding 

was reported for all women included in the study, including women who 

did not become pregnant during the course of the study.

lmwh versus aspirin

Three studies compared enoxaparin with aspirin (Dolitzky 2006; Giancotti 

2012; Visser 2011). Pooled analysis (n = 325) showed an average rr of live 

birth for women treated with aspirin of 1.16 (95% ci 0.93 to 1.45; Heteroge-

neity: Tau² = 0.03; I² = 67%, Analysis 3.1). Due to substantial statistical heter-

ogeneity being detected, we used random-effects meta-analysis in Analy-

sis 3.1. After excluding the study by Giancotti 2012 at high risk of bias, both 

groups had similar live birth rates, 76% in the enoxaparin group and 70% in 

the aspirin group (rr 1.08, 95% ci 0.93 to 1.26, Analysis 2.1). In the subgroup 

of women with no previous live births, the rr of live birth with lmwh was 

1.24 (95% ci 1.02 to 1.49) compared to aspirin.

The study by Giancotti 2012 reported no secondary outcome measures. Re-

sults of secondary outcome measures for the studies by Dolitzky 2006 and 

Visser 2011 could not be pooled, as both studies used different denomi-

nators (i.e. all pregnancies in the study by Dolitzky 2006 and only wom-

en with live birth in the study by Visser 2011). In the individual studies, 

the number of preterm deliveries (before 37 weeks), cases of intrauterine 

growth restriction, pre-eclampsia and congenital malformations did not 

differ between the two groups, Bleeding complications did not differ be-

tween the two groups in both studies, though results of bleeding were very 

different; 0% versus 0.04% in the study by Dolitzky 2006 and 49% versus 
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lmwh with or without aspirin versus no treatment

Results of studies were combined, to evaluate the effect of lmwh with or 

without aspirin on the chance of live birth. Pooled results from 793 patients 

of five studies (Badawy 2008; Clark 2010; Fawzy 2008; Kaandorp 2010; Mart-

inelli 2012) showed no effect of treatment (rr 1.07, 95% ci 0.99 to 1.15, Anal-

ysis 9.1). After excluding studies at high risk of bias the point estimate shift-

ed towards 1 and no effect of treatment was observed (n = 324, rr for live 

birth in women treated with lmwh 0.98, 95% ci 0.85 to 1.12, Analysis 10.1).

Characteristics of studies

Characteristics of included studies

Badawy 2008

Risk of bias table

resulting in a rr of any bleeding of 2.28 (95% ci 1.60 to 3.24, Analysis 6.9). 

Pain, itching and swelling at injection site was reported by 51% of the 

women treated with lmwh and aspirin.

lmwh and aspirin versus aspirin

In the studies by Kaandorp 2010 and Visser 2011 the effect of lmwh and 

aspirin was compared with aspirin only (n = 327). Live birth did not differ 

significantly between both groups; 68% and 61% respectively (rr 1.11, 95% 

ci 0.94 to 1.30, Analysis 7.1). Subgroup analyses for the outcome live birth 

in women with either no previous live births, inherited thrombophilia or 

more than two previous miscarriages (study by Kaandorp 2010 only) also 

showed no effect of treatment.

Again, results for secondary outcome measures could not be pooled be-

cause different denominators (ongoing pregnancies in the study by Kaan-

dorp 2010 and pregnancies that ended in live birth in the study by Visser 

2011) were used. The incidence of preterm delivery, pre-eclampsia, intrau-

terine growth restriction (iugr) and congenital malformations was similar 

in both groups in the individual studies. A significant difference was seen 

in bleeding (mainly nose or gum bleeds or haematomas) between the two 

groups, favouring treatment with aspirin only (rr for bleeding in women 

treated with lmwh and aspirin 2.04, 95% ci 1.46 to 2.86, Analysis 7.9), in the 

study by Kaandorp 2010, 62% of women treated with lmwh and aspirin ex-

perienced bleeding compared to 30% in women treated with aspirin only. 

In the study by Visser 2011, bleeding (reported as first trimester, second/

third trimester bleeding or postpartum haemorrhage) was reported more 

often in women treated with aspirin (38% in women treated with lmwh 

and aspirin and 50% in women treated with aspirin only), though this dif-

ference was not significant (rr 0.75, 95% ci 0.45 to 1.24, Analysis 7.9).

lmwh with aspirin versus lmwh

One study evaluated the effect of lmwh and aspirin (n = 61) in compari-

son with lmwh only (n = 65) (Visser 2011). Neither live birth, nor any of the 

secondary outcomes including bleeding were different between the two 

groups (rr of live birth in women treated with lmwh plus aspirin 0.91, 95% 

ci 0.72 to 1.15, Analysis 8.1). Subgroup analyses in women with inherited 

thrombophilia or no previous live birth were small and showed no benefit 

of one treatment over the other.
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Dolitzky 2006

Risk of bias table

Clark 2010

Risk of bias table
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Giancotti 2012

Risk of bias table

Fawzy 2008

Risk of bias table
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Martinelli 2012

Risk of bias table

Kaandorp 2010

Risk of bias table
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Visser 2011

Risk of bias table

hcg: human chorionic gonadotropin; hellp: haemolysis, elevated liver enzymes, low platelet

count; iu: international units; pgi2: prostacyclin 2; rm: recurrent miscarriage; txa2: thromboxane 

a2 vs: versus

Tulppala 1997

Risk of bias table
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Characteristics of studies awaiting classification

iu: international units; vs: versus; vte: venous thromboembolism

Characteristics of excluded studies

rm: recurrent miscarriage
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All analysis were performed using Mantel Haenszel fixed effects method, except for analysis

3.1 and 5.1, which were analysed using Mantel Haenszel random effects method. ci, Confidence 

Interval.

Data and analyses
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figure iv - Analysis 6.1. lmwh and aspirin versus no treatment, outcome live birth.

figure v - Analysis 7.1. lmwh and aspirin versus aspirin, outcome live birth.

figure ii - Analysis 1.1. Aspirin versus no treatment, outcome live birth.

figure iii - Analysis 2.1. lmwh versus aspirin, outcome live birth.
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Discussion

Since the last update of this review,59 seven randomised controlled trials 

on the efficacy and safety of aspirin and heparin in women with a history 

of at least two miscarriages without apparent risk factors other than in-

herited thrombophilia were published, but the number of studies on this 

topic remains limited. Although in total nine studies were included, three 

studies were considered to be at high risk of bias and from one study, data 

of only six women could be included. Different treatment doses of antico-

agulants compared, prescribed for different time periods, resulted in max-

imally three studies per comparison that could be pooled and only three of 

seven comparisons included a placebo- or no treatment-arm.

Irrespective of the type of or combinations of anticoagulants used, no ben-

efit of anticoagulant treatment for live birth was found.

Data for subgroup analyses were scarce. Subgroup analyses in women 

with more than two previous miscarriages showed no effect of treatment, 

regardless which treatment regimens were compared. A trend towards a 

significant effect from lmwh when compared to aspirin (risk ratio (rr) of 

live birth 1.21, 95% confidence interval (ci) 0.79 to 1.87) and of lmwh and 

aspirin when compared to no treatment (rr of live birth 1.25, 95% ci 0.74 

to 2.12) was observed in women with inherited thrombophilia but the sub-

groups were underpowered for firm conclusions. As the clinical question of 

efficacy of anticoagulants for women with recurrent miscarriage (rm) and 

inherited thrombophilia remains relevant, randomised controlled trials fo-

cussing on women with inherited thrombophilia only are urgently needed.

In subgroup analyses of women with no previous live birth, a beneficial 

effect of lmwh over aspirin was found in pooled analyses of two studies 

(n = 112, rr 1.24, 95% ci 1.02 to 1.49). Some evidence of a similar trend to-

ward a beneficial effect for lmwh versus lmwh and aspirin was observed 

in a small subgroup in one study (n = 72, rr of live birth in women treated 

with lmwh and aspirin 0.77, 95% ci 0.59 to 1.02). In comparisons of lmwh 

and aspirin with either no treatment or with aspirin, no beneficial effect 

of lmwh and aspirin was found for women with no previous live birth. All 

subgroup analyses in women with no previous live birth were limited due 

to small numbers.

Reporting of secondary outcomes varied widely among studies. In stud-

ies that reported pregnancy complications, different denominators (e.g. all 

pregnant women, only ongoing pregnancies, only live births) were used 

and results could not be pooled. In the individual studies, no effect of treat-

figure vi - Analysis 8.1. lmwh and aspirin versus lmwh, outcome live birth.
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Authors’ conclusions

Implications for practice

Evidence on the efficacy and safety of aspirin and low molecular weight 

heparin (lmwh) in women with a history of at least two miscarriages with-

out apparent risk factors other than inherited thrombophilia is limited, 

but now includes several high-quality randomised controlled trials. Based 

on the results of the (pooled) analyses in this review, there is no evidence 

to support the use of anticoagulants in women with recurrent miscarriage 

(rm), regardless of the presence of inherited thrombophilia. Large ran-

domised controlled trials assessing an effect of anticoagulants in women 

with rm and inherited thrombophilia are urgently needed.

Implications for research

Although several studies included women with inherited thrombophilia, 

subgroup analyses were never sufficiently powered to assess an effect of 

anticoagulation in these women with rm. We cannot exclude a beneficial 

effect in these women and therefore, large randomised trials are urgently 

needed and because of a counterbalancing effect of heparin and aspirin, a 

placebo or no intervention arm is necessary, since it would provide an ad-

equate control to the active treatment and allows assessing a risk-benefit 

ratio.
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ment on any pregnancy complication was found. Especially reporting of 

side effects of treatment, such as bleeding and local skin reactions (for 

lmwh) was inconsistent. The risk of bleeding (mainly nose or gum bleeds 

or haematomas) was more than two-fold increased in women treated with 

lmwh and aspirin, compared to either aspirin only or no treatment in the 

study by Kaandorp 2010. This was not confirmed in the study by Visser 

2011 (reporting first-trimester, second/third trimester bleeding and post-

partum haemorrhage, results could not be pooled). Local skin reactions 

to administered lmwh were not reported in several studies, whereas 50% 

of women treated with lmwh and aspirin in the study by Kaandorp 2010 

reported these side effects.

Besides the limited number of studies on this topic, we must appreciate 

the heterogeneity between studies. Study designs vary regarding dose, du-

ration and type of treatment, blinding, reporting of secondary outcomes 

and study quality. Furthermore, lack of a no-treatment (or placebo) arm 

in some studies impedes assessing a risk-benefit ratio for the individual 

interventions.

Although in approximately half of women with rm risk factors can be iden-

tified, in 50% this remains unexplained. One could argue that the group 

of women with unexplained rm is in fact a heterogeneous collection of 

subgroups of women with as yet unidentified risk factors. Once identified, 

these risk factors may render them ineligible for the study. For this review, 

we have studied women with unexplained rm (with or without inherited 

thrombophilia) as one group and where possible we performed a subgroup 

analysis in women with inherited thrombophilia. Obvious risk factors of 

rm such as antiphospholipid syndrome, abnormal parental karyotypes and 

uterine abnormalities were exclusion criteria. This approach yields results 

that can be applied to all women with unexplained rm, with or without 

inherited thrombophilia. If future research leads to the identification of 

other risk factors for rm, therapeutic options for that newly identified sub-

group will have to be considered.

Our review of currently available (though limited) data, does not support 

the use of anticoagulants heparin, lmwh and aspirin, or combinations of 

these, for women with unexplained rm with or without inherited thrombo-

philia. Included studies were not sufficiently powered to evaluate an effect 

of heparin, lmwh or aspirin or combinations in women with confirmed 

inherited thrombophilia and unexplained recurrent miscarriage. Large 

randomised controlled trials assessing this subgroup are urgently needed, 

but until results are available, anticoagulants in these women are also not 

recommended in this setting.
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Abstract

Background: A large number of studies have shown an association between 

inherited thrombophilia and recurrent miscarriage. It has been hypothe-

sized that anticoagulant therapy might reduce the number of miscarriages 

and stillbirth in these women. In the absence of randomized controlled tri-

als evaluating the efficacy of anticoagulant therapy in women with inher-

ited thrombophilia and recurrent miscarriage, a randomized trial with ad-

equate power that addresses this question is needed. The objective of the 

alife2 study is therefore to evaluate the efficacy of low-molecular-weight 

heparin (lmwh) in women with inherited thrombophilia and recurrent 

miscarriage, with live birth as the primary outcome.

Methods/design: Randomized study of lmwh plus standard pregnancy sur-

veillance versus standard pregnancy surveillance alone.

Study population: Pregnant women of less than 7 weeks gestation, and con-

firmed inherited thrombophilia with a history of two or more miscarriages 

or intra-uterine fetal deaths, or both.

Setting: Multi-center study in centers from the Dutch Consortium of Fer-

tility studies; centers outside The Netherlands are currently preparing to 

participate.

Intervention: lmwh enoxaparin 40 mg subcutaneously once daily started 

prior to 7 weeks gestational age plus standard pregnancy surveillance or 

standard pregnancy surveillance alone.

Main study parameters/endpoints: The primary efficacy outcome is live 

birth. Secondary efficacy outcomes include adverse pregnancy outcomes, 

such as miscarriage, pre-eclampsia, syndrome of hemolysis, elevated liver 

enzymes and low platelets (hellp-syndrome), fetal growth restriction, pla-

cental abruption, premature delivery and congenital malformations.

Safety outcomes include bleeding episodes, thrombocytopenia and skin 

reactions.

Discussion: After an initial period of slow recruitment, the recruitment 

rate for the study has increased. Improved awareness of the study and 

acknowledgement of the need for evidence are thought to be contributing 

to the improved recruitment rates. We aim to increase the number of re-

cruiting centers in order to increase enrollment into the alife2 study. The 

study website can be accessed via www.alife2study.org.

Trial registration: The alife2 study was registered on 19 March, 2012 at www.

trialregister.nl under registration number ntr3361

alife2 study
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tiphospholipid syndrome (aps), the use of heparin or lmwh combined with 

low-dose aspirin is an effective treatment for recurrent miscarriage,11-13 

although not demonstrated in all performed trials.14/15 For inherited forms 

of thrombophilia, this effect has not profoundly been studied yet. Very re-

cently, results of the tipps study showed that dalteparin did not reduce the 

incidence of a composite outcome (severe or early-onset pre-eclampsia, 

small-for-gestational-age infant, pregnancy loss, or venous thromboembo-

lism (vte)) in pregnant women with thrombophilia at increased risk of vte 

or with previous placenta-mediated pregnancy complications.16 However, 

again in this study, the subgroup of women with recurrent miscarriage and 

inherited thrombophilia was too small to draw conclusions of a potential 

effect on the outcome live birth.

The association between inherited thrombophilia and recurrent miscar-

riage together with the potential beneficial effects of anticoagulant thera-

py in women with acquired thrombophilia and recurrent miscarriage have 

led some physicians to prescribe lmwh to women with recurrent miscar-

riage and inherited thrombophilia. While this practice may be support-

ed by a plausible hypothesis, a beneficial effect of lmwh in these women 

still needs to be demonstrated. Gynecologists and hematologists, who ex-

pressed their support in the design phase of the study, and who are cur-

rently contributing to recruitment, recognize the urgent need for a trial 

such as alife2 internationally.

The results of the alife2 study will clarify the need to screen for inherited 

thrombophilia in women with recurrent miscarriage. Current guidelines 

advise differently on whether or not to test for inherited thrombophilia in 

these women 17-22. The efficacy of lmwh in women with recurrent miscar-

riage and inherited thrombophilia has never been tested in a randomized 

controlled trial. Thus, if the results of the alife2 study show that lmwh 

increases live birth in women with recurrent miscarriage and inherited 

thrombophilia, screening for inherited thrombophilia in this setting may 

be justified. Conversely, if no evidence of a benefit is found, the use of lmwh 

will not be justified and screening for inherited thrombophilia will not be 

indicated. This will decrease costs of inappropriate screening, and reduce 

the burden of anticoagulant treatment in pregnant women.
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Background

In all clinically recognized pregnancies, a single spontaneous miscarriage 

occurs in 14-19% of patients, and 1-5% of women experience two or more 

miscarriages (recurrent miscarriage).1/2 After comprehensive investiga-

tion, a risk factor for recurrent miscarriage is identified in less than half of 

couples.3 Many studies have confirmed a relationship between inherited 

thrombophilia and miscarriage and other adverse pregnancy outcomes.4/5 

The role of thrombophilia in recurrent miscarriage can be explained par-

tially by the concept of thrombosis of the (microvasculature of the) pla-

centa, and partially through inhibition of extra-villous trophoblast differ-

entiation.6 Therefore, anticoagulants are considered a possible therapy for 

women with recurrent miscarriage and inherited thrombophilia. In a re-

cent Cochrane systematic review and meta-analysis we reviewed the trial 

evidence on the effects of antithrombotic therapy and showed that no firm 

trial data are available for these women7.

Previously, we performed a randomized, placebo controlled study (alife 

study), investigating whether aspirin combined with low-molecular weight 

heparin (lmwh) or aspirin alone as compared with placebo would improve 

the live birth rate among 364 women with unexplained recurrent miscar-

riage (<20 weeks gestation).8 We found that neither aspirin combined with 

nadroparin (relative risk (rr) for live birth 0.96, 95% confidence interval (ci) 

0.76 to 1.19) nor aspirin alone (rr for live birth 0.89, 95% ci 0.71 to 1.13) im-

proved the chance of a live birth in women with a history of unexplained 

recurrent miscarriage. In addition, no statistically significant benefits were 

found for women with inherited thrombophilia, although the study was 

not powered to assess this effect. The spin-study, another randomized 

controlled trial, assessed whether enoxaparin and aspirin reduced the 

rate of miscarriage compared to intensive pregnancy surveillance alone 

in 294 women with a history of 2 or more consecutive previous miscar-

riages (<24weeks gestation).9 Results showed 22% miscarriage in partici-

pants receiving enoxaparin and aspirin, compared with 20% miscarriage 

in subjects receiving intensive surveillance alone (odds ratio 0.91, 95% con-

fidence interval 0.52-1.59). The Habenox study also found no beneficial ef-

fect of lmwh (with aspirin or placebo) compared to aspirin in women with 

or without thrombophilia and recurrent miscarriage.10 Neither individu-

ally, nor combined in meta-analysis, was any of these studies sufficiently 

powered to demonstrate an effect of pharmacological therapy in the sub-

group of women with inherited thrombophilia 7. For women with the an-
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table i - Outcomes.

* Denominator for these outcomes is ongoing pregnancies beyond 12 weeks’ gestation.

a: Preeclampsia is defined as hypertension (systolic blood pressure ≥140 mmhg and/or diastolic 

blood pressure ≥90 mmhg after 20 weeks’ gestation, measured twice in a previously normoten-

sive woman) with new onset proteinuria at or beyond 20 weeks’ gestation.

b: hellp syndrome is defined as a platelet count less than 100 *109/l and aspartate aminotrans-

ferase of 70 u/l or greater and lactate dehydrogenase of 600 u/l or greater.

c: Intra uterine growth restriction is defined as birth weight <10th percentile for gestational age.

d: Placental abruption (also known as abruptio placentae) is a complication of pregnancy, wherein 

the placental lining has separated from the uterus of the mother. Diagnosis according to clinical 

criteria (vaginal bleeding and uterine tenderness in combination with fetal distress necessitat-

ing prompt delivery) and examination of the placenta.

e: Premature birth is defined as birth <37 weeks’ gestation.

f: Major physical anomalies are defined as physical anomalies that have cosmetic or functional significance. 

g: Deep vein thrombosis and pulmonary embolism are defined as abnormal compression ultrasound 

or an intraluminal filling defect on venography (deep vein thrombosis), or an intraluminal fill-

ing defect on spiral computed tomography (ct) scan, cut-off of vessels more than 2.5 mm in 

diameter on pulmonary angiogram or a perfusion defect of at least 75% of a segment with a 

local normal ventilation result (high-probability) on ventilation/perfusion lung scan (pulmonary 

embolism). 

accp, American College of Chest Physicians; lmwh, low-molecular-weight heparin.

Criteria for bleeding are listed in table ii.

Methods/Design

Design of the study

The primary objective of this study is to evaluate the efficacy of lmwh in 

women with inherited thrombophilia and recurrent miscarriage and/or in-

tra-uterine fetal death (≥2). The primary outcome is live birth.

Secondary objectives included efficacy and safety objectives:

Efficacy

•	 To	evaluate	other	possible	effects	of	lmwh on adverse pregnancy out- 

 come other than miscarriage (e.g. preeclampsia, intra-uterine growth 

 restriction, hellp syndrome, (syndrome of hemolysis, elevated liver 

 enzymes and low platelets), placental abruption, premature delivery, 

 congenital malformations, vte)

Safety

•	 To	evaluate	the	safety	of	lmwh in women with recurrent miscarriage 

 with inherited thrombophilia by recording complications such as bleed- 

 ing, thrombocytopenia and (allergic) skin reactions.

All pre-specified outcomes are listed in table i. Criteria for the classifica-

tion of bleeding are listed in table ii. Other study variables include con-

comitant use of antithrombotic drugs (such as aspirin or), non-steroidal 

anti-inflammatory drugs (nsaid’s), maternal age, multiple gestation, num-

ber of preceding miscarriages, maternal ethnicity, partner’s ethnicity, ma-

ternal weight, height, and body mass index, past obstetric history, medica-

tion, smoking, alcohol consumption, allergies, family history of vte and of 

miscarriage and/or intra-uterine fetal death.
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The study is designed as a multi-center randomized intervention study 

(figure i). Pregnant women with a history of recurrent miscarriage (2 or 

more miscarriages or intra-uterine fetal deaths, not necessarily consec-

utive), and confirmed inherited thrombophilia are randomized to one of 

two groups. Women in the intervention group inject lmwh once daily in 

addition to standard pregnancy surveillance. Women in the control group 

receive standard pregnancy surveillance. Since blinding of patients or in-

vestigators is deemed unfeasible due to the nature of the intervention, an 

adjudication committee, whose members are blinded for the intervention, 

will assess primary and secondary outcome measures. End of follow-up is 

at six weeks after delivery or miscarriage. Members of the blinded adju-

dication committee will be prof. dr. M.H. Prins, md, epidemiologist and dr. 

W.M. Ankum, gynaecologist.

figure i - Flowchart of the alife2 study.

table ii - Criteria for major, clinically relevant non-major and minor bleeding.
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The study will be conducted in several international centers, both tertiary 

and non-tertiary. A list of participating centers and countries is available 

from the sponsor.

Ethics

The study was approved by the institutional review board (irb) of the Aca-

demic Medical Center (irb registration no. metc_2012_173) and is conducted 

according to the principles of the World Medical Association (wma) Decla-

ration of Helsinki Ethical Principles for Medical Research Involving Human 

Subjects Version Seoul, South Korea, October 2008, with Note of Clarifica-

tion on Paragraph 29 added by the wma General Assembly, Washington 

2002 Note of Clarification on Paragraph 30 added by the wma General As-

sembly, Tokyo 2004 and in accordance with the Dutch Medical Research 

Involving Human Subjects act (wmo) and other guidelines, regulations and 

Acts.

Recruitment in individual centers will be commenced after local approval 

is obtained.

Study procedures

Women, aged 18-42 at randomization, with a history of two or more 

miscarriages and/or intra-uterine fetal deaths with confirmed inherited 

thrombophilia, who are actively trying to conceive or are less than 7 weeks 

pregnant are recruited for the study. They are informed of the study by 

their treating physician and receive written study information. Women are 

instructed to perform a urine pregnancy test as soon as their menstrual 

periods are delayed or a pregnancy is suspected. Furthermore, they are 

contacted by telephone at 3-month intervals until they are pregnant. Once 

a urine test confirms pregnancy and all in- and exclusion criteria are met 

(table iii), including signing of informed consent, they are randomized to 

either the intervention arm or the standard pregnancy surveillance arm 

of the study. Informed consent will be obtained by Good-Clinical-Prac-

tice-trained study personnel with use of the review-board approved con-

sent form. Women will only be randomized in the study after informed 

consent is obtained.

The study intervention is lmwh at a dose that has been widely used in 

pregnant patients, and that is comparable with prophylaxis of vte after 

orthopedic surgery, and is administered once daily, subcutaneously. The 

rationale for this dose is that it is high enough to produce an effect (i.e. 

higher than the standard prophylaxis dose of 20 mg), but not as high as the 

therapeutic vte dose, to minimize the bleeding risks. Furthermore, there 

is great experience with this specific anticoagulant in obstetrics and previ-

ous studies and it’s safety profile is well established. Women are instructed 

to inject themselves daily in either the upper leg or abdomen.

The recommended intervention is:

•	 Clexane	(Enoxaparin,	Sanofi-Aventis	Netherlands	b.v., Kampenringweg 45-e, 

 2803 pe gouda, the Netherlands) 40 mg Low-molecular-weight heparin, ad- 

 ministered subcutaneously, 100 mg/ml, 0.4 ml syringe.

If the recommended intervention is unavailable (e.g. for practical or fi-

nancial reasons in different countries), another type of lmwh in a dosage 

equivalent to Enoxaparin 40 mg can be chosen from the list below:

•	 Fraxiparin	(Nadroparin,	GlaxoSmithKline	bv,	980	Great	West	Road,	Brentford, 

 Middlesex, United Kingdom) 3800 iu anti-Xa Low-molecular-weight heparin, 

	 9.500	iu anti-Xa/ml, 0.4ml syringe.

•	 Fragmin	(Dalteparin,	Pfizer	bv,	235	East	42nd	Street,	ny, ny 10017, usa) 5000 

 iu Low-molecular-weight heparin, 25.000 iu/ml, 0.2ml syringe.

•	 Innohep	 (Tinzaparin,	 Leo	 Pharma	 bv,	 Industriparken	 55,	 dk-2750 Ballerup, 

 Denmark) 4500 iu Low-molecular-weight heparin, 4.500 iu syringe.

Doses will not be adjusted to body weight. In case none of the lmwh prepa-

rations is available, any other locally available lmwh, in a corresponding 

dosage and approved by the Trial Management Team (headed by principal 

investigators S. Middeldorp and M. Goddijn) is allowed.

Apart from the assigned study medication, women are strongly discour-

aged from using antithrombotic or other medications that affect hemo-

stasis, including nsaid’s. Aspirin at a low dose (≤100 mg daily) to lower the 

risk for recurrent preeclampsia (at the discretion of the treating physician) 

is allowed, and is recorded. All women are encouraged to take folic acid 

400 µg daily, starting before conception and continuing until 8 weeks after 

conception, as routine prophylaxis for neural-tube defects.
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Randomization is performed centrally, online via a secure Internet facility 

in a 1:1 ratio by the tenalea Clinical Trial Data Management System using 

randomly permuted blocks with maximum block size of 6 within strata 

formed by maternal age (<36 or ≥36 years), number of miscarriages (2 or ≥3) 

and center type (tertiary or non-tertiary). Both the including physician and 

patient are concealed for allocation.

Women who are randomized to intervention arm start with lmwh imme-

diately. They undergo a blood test twice (2.7 ml at baseline and 2.7 ml 

after 7 – 10 days) to check for heparin induced thrombocytopenia and are 

instructed to discontinue lmwh when they experience the first signs of la-

bor. In case of a planned delivery or cesarean section, lmwh should be dis-

continued according to local policy, but at least 12 hours prior to neuraxial 

anesthesia or cesarean section. Randomized women will be contacted at 

12 and 24 weeks’ gestation and 6 weeks post-partum to collect outcome 

data and data on adverse events. No additional study visits are planned.

Women in both study arms will receive standard pregnancy surveillance. 

Data from routine obstetric visits is recorded in a case record form (crf) for 

analysis, including medical history and family history. Additionally, ma-

ternal bleeding episodes, thrombotic signs, and possible reactions to study 

medication are monitored. Women are instructed to contact the study 

center immediately when bleeding episodes occur or when developing 

(possibly heparin induced-) thrombocytopenia.

In case of a (serious) adverse event, emergency medication is adminis-

tered by treating physicians according to local policy; e.g. in case of a ma-

jor bleeding a patient may receive blood transfusions and / or antidote (e.g. 

protamine sulfate).

In case of serious type iv delayed hypersensitivity skin reactions to lmwh, 

an alternative form of lmwh can be prescribed. In case of type 1 allergy, 

lmwh must be discontinued.

The crf can be downloaded from the study website www.alife2study.org. 

Data handling will be coded, with the patient code only available to the 

local investigator and the research nurse working in the local center. Data 

recorded in the crfs will be collected in an electronic crf, accessible via 

the study website. Women withdrawn from treatment will be asked to 

continue follow up until the end of study (i.e. 6 weeks after delivery or 

miscarriage). Important protocol modifications will be communicated to 

all relevant parties (e.g. investigators, trial nurses, review boards, trial par-

ticipants, trial registries and journals) if indicated.

table iii - Inclusion and exclusion criteria.

*Protein S, protein C and antithrombin deficiencies need to be confirmed by two tests, performed

on two separate occasions and not during anticoagulant therapy. Protein S tests should not be 

performed during pregnancy or in the 6-week post-partum period since spuriously low levels 

may then be observed.
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Sample size calculation

In the previous alife study,8 the occurrence of live birth in the subgroup 

of women who had an inherited thrombophilia and became pregnant was 

60% in those randomized to placebo. Based on this information, a conserv-

ative sample size assuming a live birth of 55% in the control group is calcu-

lated. In order to detect an absolute risk difference of 15%, with a power of 

80% and a two-sided confidence level of 95%, the sample size required for 

the study is n = 332, with 166 women in each arm. Taking a potential loss 

to follow up and exclusion from the study (due to ectopic pregnancy for 

example) into consideration, we aim to recruit 20% more women (n = 399).

The absolute risk difference of 15% was defined following consultations 

amongst health care providers and patients. Since we acknowledge that 

from a patient’s perspective, a 10% absolute risk difference is still clinically 

relevant, we also plan to perform a conditional interim analysis to adjust 

the sample size. When approximately 95% of inclusion is reached, the ad-

judication committee will analyze efficacy outcome, blinded for allocation. 

If the estimated difference in live birth between the two groups is below 

10% or above 15%, the study will continue as planned and will be complet-

ed with 399 enrolled women. However, if the estimated difference in live 

birth is between 10% and 15%, we will explore (financial) means and evalu-

ate if continued recruitment until a total sample size of 776 women is fea-

sible so that the study is sufficiently powered to assess this effect. For this 

interim analysis we will use a total two-sided significance test with the 

O’Brien–Fleming alpha spending function and a type 1 error rate of 5 per-

cent. Evaluable women are all women included (randomized) in the study.

In the Netherlands we aim to recruit 200 women; therefore approximately 

200 women will be recruited in other countries. This will be pragmatically 

adjusted depending on recruitment status.

The study sponsor is the Academic Medical Center, University of Amster-

dam, Meibergdreef 9, 1105 az, Amsterdam, the Netherlands. The currently 

approved study protocol is version 4.0, dated August 18, 2014. The full study 

protocol can be accessed via the study website (www.alife2study.org).

Recruitment is currently taking place in the Netherlands and Belgium and 

is planned for the United Kingdom, the United States of America, Canada, 

and Australia and is open to more countries.

Statistical analyses

Baseline data and outcome data will be summarized separately. For con-

tinuous variables, we will examine the distribution of the observations, 

and if normally distributed we will then summarize them as means with 

standard deviations (sds). If they are not normally distributed, then medi-

ans and inter-quartile ranges (irqs) will be reported. For dichotomous data, 

we will provide proportions (or percentages).

Differences in dichotomous outcomes between the two treatment arms 

will be analyzed using the chi-square test. For continuous outcomes we 

will use the independent t-test if the observations in each study arm are 

normally distributed, and if non-normally distributed, the Mann-Whit-

ney-U test will be employed. For all outcome measures, we will calculate 

95% confidence intervals around point estimates.

To explore differential or subgroup effects of lmwh will be assessed in 

a priori defined prognostic groups: age (continuous and dichotomized), 

number of previous miscarriages (2, or 3 or more), previous live birth (yes/

no), type of inherited thrombophilia (fvl, ptm, at/c/s deficiency).

For issues such as loss to follow-up, missing data, and protocol violations, 

we will attempt sensitivity (worst-case and best-case scenarios) analyses 

to explore the effect on the study findings. As a secondary analysis, we will 

adjust for missing data using imputation techniques to explore the effects 

of such imputations on the study findings.

Efficacy analyses will be based on the intention-to-treat (itt) principle. A 

p-value of less than 0.05 will be considered statistically significant. All sta-

tistical analyses will be performed using the spss package (spss Inc., Chi-

cago, il, usa).
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•	 Results	in	persistent	or	significant	disability	or	incapacity.

•	 Is	a	congenital	anomaly	or	birth	defect.

•	 Is	a	new	event	of	the	study	likely	to	affect	the	safety	of	the	subjects, 

 such as an unexpected outcome of an adverse reaction, lack of efficacy 

 of an investigational medicinal product used for the treatment of a life 

 threatening disease, major safety finding from a newly completed ani- 

 mal study, etc.

saes that result in death or are life threatening should be reported imme-

diately. The reporting will occur not later than 7 days after the respon-

sible investigator has first knowledge of the adverse reaction. This is for 

a preliminary report with another 8 days for completion of the report.  

The study efficacy outcome bleeding will not be reported as (s)ae. A stand-

ard practice of hospitalization (e.g. for delivery) will not be considered as a 

prolonged hospitalization and should not be reported as an sae. However, 

if this transfer is part of treatment of a medical complication, it should be 

considered prolonged hospitalization and the event should be reported as 

a sae. Clinically anticipated events such as bleeding are exempted from 

the expedited reporting to regulatory authorities of suspected adverse re-

actions that are both serious and unexpected. These clinically anticipated 

events are periodically reviewed by the dmc in an unblinded manner to 

ensure prompt identification of any clinically concerning safety issues.

Public disclosure and publication policy

A writing committee chaired by the pis will be put in place as the trial 

progresses. The composition of the committee will reflect the contribu-

tion of investigators to various aspects of the trial, including but not solely 

the conception and design, acquiring of funding, country coordination and 

recruitment of patients. This committee will write the study report, and 

the report will include list of centers and investigators that contributed 

patients to the study. There are no publications restrictions by the Sponsor 

of the study.

Furthermore, trial results will be posted on the study website and commu-

nicated through patients via patient organization websites.

Data monitoring committee (dmc)

A data monitoring committee is installed for the alife2 study. A dmc charter 

is supplementary to this protocol and available from the sponsor. Monitor-

ing will be performed in collaboration with the Academic Medical Center 

Clinical Research Unit (cru). A monitoring plan was drafted accordingly 

and is available with the sponsor. Members of the Monitoring committee 

are Prof. Dr. H.R. Büller, amc, Amsterdam [chair], Dr. W.M. Ankum, gyne-

cologist, amc, Amsterdam and Prof. Dr. M. Prins, statistician, Maastricht 

University Medical Center, Maastricht.

The final trial dataset will be accessible by the lead investigator and sta-

tistical analysis team at the Academic Medical Center cru. No contractual 

arrangements are in place that limit such access for investigators

Adverse events

lmwh is registered and recommended for a wide variety of indications. 

Also to pregnant women, lmwh is prescribed for several indications and in 

higher dosages than is used in the alife2 study. Therefore the spectrum of 

adverse events is well documented in regular patients as well as in preg-

nant women. For this reason, not all undesirable experiences occurring to 

women are recorded, but only adverse events that are suspected to be re-

lated to study medication. These adverse events include: clinically relevant 

bleeding (major or clinically relevant non-major bleeding) and any bleed-

ing (hematoma, epistaxis, bleeding of gums, vaginal blood loss, hematuria 

or any other form of bleeding), heparin induced thrombocytopenia, skin 

reaction to injection (e.g. itching, swelling) and (type 1) allergic reactions. 

When hematomas are related to venipuncture, only hematomas larger 

than 10 × 10 cm are reported.

For all events recorded, the nature and severity will be assessed. A serious 

adverse event (sae) is any untoward medical occurrence or effect that at 

any dose:

•	 Results	in	death.

•	 Is	life	threatening	(at	the	time	of	the	event).

•	 Requires	hospitalization	or	prolongation	of	existing	inpatient	hospitali- 

 zation.
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A timely execution of the trial is impeded because of two reasons. Firstly, 

the assumed efficacy of lmwh triggers physicians to give lmwh the benefit 

of the doubt. They offer the treatment despite a lack of its evidence; espe-

cially in poignant cases as for example women with a history of multiple 

miscarriages. Eligible women will thus be reluctant to be randomized, fac-

ing a 50% chance of no-treatment, when they can also approach physi-

cians who are willing to prescribe them lmwh outside the context of the 

study. This hurdle can be overcome, provided both physicians and patients 

are well informed. Physicians who are aware of the lack of evidence for 

lmwh and the non-negligible bleeding risk associated with this treatment 

clearly understand the need for the study. They are more willing to con-

tribute to recruitment and comply with guidelines advising not to treat in 

absence of evidence for treatment. A second reason for delay, potentially 

specific to the Dutch situation, is that eligible women for the study re-

main unidentified because screening for inherited thrombophilia is not 

standard practice. A complete thrombophilia screen is expensive and as 

currently no proven effective treatment for women with recurrent mis-

carriage and inherited thrombophilia is available, testing for inherited 

thrombophilia (solely for the indication or recurrent miscarriage) is not al-

ways performed. Nonetheless, many women have already been tested for 

thrombophilia because of other reasons such as a positive family history 

of vte. Moreover, as screening for inherited thrombophilia may provide an 

explanation for recurrent miscarriage, some physicians perform screening 

not to identify a treatable condition but to provide couples with this expla-

nation. In this way, even physicians who don’t incorporate thrombophilia 

screening in their standard practice can contribute to recruitment, identi-

fying these women.

Trial status

The study commenced recruiting in January 2013 in the Netherlands, with 

at present 11 participating centers and 2 additional centers for which eth-

ics approval is expected shortly. Participation of non-Dutch centers was in-

itiated by the University Hospital of Brussels in Belgium, which is expected 

to be followed closely by centers in the United Kingdom, the United States, 

Canada and Sweden.

Compensation for injury

The sponsor/investigator in the Netherlands has a liability insurance 

which is in accordance with article 7, subsection 6 of the wmo.

The sponsor (also) has an insurance which is in accordance with the le-

gal requirements in the Netherlands (Article 7 wmo and the Measure re-

garding Compulsory Insurance for Clinical Research in Humans of 23th 

June 2003). This insurance provides cover for damage to research subjects 

through injury or death caused by the study.

1. 450.000,- (i.e. four hundred and fifty thousand Euro) for death or injury 

 for each subject who participates in the Research.

2. 3.500.000,- (i.e. three million five hundred thousand Euro) for death or 

 injury for all subjects who participate in the Research.

3. 5.000.000,- (i.e. five million Euro) for the total damage incurred by the 

 organisation for all damage disclosed by scientific research for the 

 Sponsor as ‘verrichter’ in the meaning of said Act in each year of insur- 

 ance coverage.

The insurance applies to the damage that becomes apparent during the 

study or within 4 years after the end of the study and is only applicable to 

patients included in the Netherlands.

Discussion

The choice for the intervention with lmwh in the alife2 study was based 

on the following considerations. In the previous alife study, lmwh was ad-

ministered in combination with aspirin and compared with aspirin alone 

and to no-intervention (placebo for aspirin) in women with recurrent mis-

carriage of unknown cause.8 Since there are no solid data supporting an 

effect of aspirin in women with recurrent miscarriage, with or without 

inherited thrombophilia, we chose to use lmwh as intervention, without 

aspirin as additional intervention in the alife2 study, to exclude a possible 

deleterious effect of aspirin.

The dose of lmwh is higher than low-prophylactic dosages, in order not 

to miss a beneficial effect of lmwh on live birth. However, because results 

from the Live-Enox study showed no difference in live birth in women ran-

domized to 40 mg enoxaparin or 80 mg enoxaparin we chose to use the 

dosage of 40 mg enoxaparin, in order to reduce the risk of bleeding.23
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At the time of writing 22 women have been randomized in the study. An 

initially slow recruitment is currently catching up to a rate of approxi-

mately 2 inclusions per month in the Netherlands, expected to increase 

to 4 per month with continuing expansion of the number of participating 

centers and increasing awareness of the study. Confirmed participation of 

centers abroad and especially dedicated recurrent miscarriage clinics in 

the United Kingdom is expected to further increase this rate to an eventual 

inclusion rate of 14 women per month.

As with most investigator-initiated multi-center trials, several hurdles, 

such as an administrative workload, (international) legislation and appli-

cations for approval in participating centers, and initial slow recruitment, 

had to be overcome to get the trial running. However, with these hurdles 

taken, the trial now seems to have reached a new phase, with a steadily 

increasing recruitment rate, towards completion of the trial.
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Abstract

Investigator-initiated studies are invaluable to obtain evidence, especially 

in fields that are not particularly of interest for the pharmaceutical in-

dustry because they are either less profitable, or concern special patient 

groups such as pregnant women. However, to design, conduct and accom-

plish an investigator-initiated randomized controlled trial proves to be 

highly challenging. Patients and physicians’ preferences, ethics require-

ments, (international) legislation and funding are all examples of areas 

where such challenges are met.

The alife2 study is illustrative of an investigator initiated multicenter tri-

al, which progresses steadily but slowly as during the course of this trial, 

many hurdles had to be overcome.

Here, we discuss the challenges and hurdles we faced during the course of 

the alife2 study up till now and we explain how some of these hurdles can 

be avoided or taken most easily.

Background

In April 2010, results of the alife study were published.1 A total of 364 

women with unexplained recurrent miscarriage (i.e. in the absence of evi-

dent causes of miscarriage such as abnormal parental karyotypes or uter-

ine anomalies) were randomized to either low-molecular-weight heparin 

(lmwh) plus acetylsalicylic acid (asa), asa alone or placebo (for asa). The 

results indicated that neither the combination of lmwh and asa, nor asa 

alone improved the likelihood of live birth in a subsequent pregnancy. To-

gether with two similar studies published around the same time,2/3 this 

information changed guideline recommendations and influenced clinical 

practice.4

Although evidence for the lack of efficacy of anticoagulants in women with 

unexplained recurrent miscarriage was provided by these three independ-

ent investigations, the question remains whether the subgroup of women 

with recurrent miscarriage and inherited thrombophilia may benefit from 

anticoagulants.5 Women with inherited thrombophilia, such as the pres-

ence of the Factor V Leiden mutation, the prothrombin g20210a mutation 

or a deficiency of protein S, protein C or antithrombin, have an increased 

risk of pregnancy complications, including recurrent early miscarriage and 
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Initial funding, although limited, was acquired as part of a vidi-grant 

(The Netherlands Organisation for Health Research and Development, 

016.126.364).

Compared to the previous alife study – a national, multicenter trial – , we 

anticipated a more difficult recruitment because of the restrictive inclu-

sion criterion of the presence of inherited thrombophilia in women with 

recurrent miscarriage. As inherited thrombophilia testes are positive in 

approximately 15% of women with unexplained recurrent miscarriage, it 

was estimated that enrollment would be completed within 5 years, with 

continued follow-up until the outcome of pregnancies until 9 months 

thereafter.

Current status of the alife2 study

Since the official launch of the study, and the enrollment of the first partic-

ipant on January 11, 2013, the study is currently enrolling in 11 centers in 

the Netherlands, as well as in Brussels, Belgium. Considering the number 

of participating centers, the enrollment of 19 women may seem surpris-

ingly low. However, when interpreting the enrollment rate per month, we 

may appreciate a steep increase from little over 2 inclusions per 6 months 

in the first year, to approximately 2 inclusions per month in the past 4 

months. This is expected to increase further with the anticipated partic-

ipation of uk centers, as well as the University of Illinois College of Med-

icine, the New York-Presbyterian Hospital and the University Hospital of 

Montreal. As for most international multi-center investigator-initiated tri-

als, the journey towards starting of the trial has been far from a smooth 

ride and various obstacles had to be overcome. Identifying and finding a 

solution for these obstacles has been key in improving the enrollment rate. 

Here, we will discuss several of the obstacles encountered and how they 

were – or are – tackled.

late pregnancy losses.6 In parallel, women with acquired thrombophilia, 

i.e. in the presence of antiphospholipid antibodies, are also at an increased 

risk of recurrent miscarriage and other pregnancy complications.7/8 As an-

ticoagulants (lmwh plus asa) increase the chance of live birth in wom-

en with acquired thrombophilia,9/10 physicians are tempted to extrapolate 

this to women with inherited thrombophilia, and prescribe lmwh, asa or 

both. However, a beneficial effect has not been proven for these women. 

Treatment with anticoagulants is potentially harmful, in particular re-

garding bleeding. Even if no bleeding occurs it is a burdensome treatment 

which requires daily subcutaneous injections, inflicting rash, itching and/

or bruises.1 Therefore, evidence to justify this practice of giving anticoag-

ulants to women with inherited thrombophilia and recurrent miscarriage 

is urgently required. Results of a subgroup analysis including 47 women 

with inherited thrombophilia in the alife study, showed a trend towards a 

beneficial effect of lmwh plus asa (relative risk of live birth 1.31 (95% con-

fidence interval 0.74 – 2.33) and of asa alone (relative risk of live birth 1.22 

(95% confidence interval 0.69 to 2.16). This analysis was underpowered to 

demonstrate an effect, and results of our systematic review further under-

lined the lack of data in this particular group of women.5 Hence, the foun-

dation for the alife2 study, in which the effect of anticoagulants on live 

birth in women with recurrent miscarriage and inherited thrombophilia is 

evaluated, was laid.

The alife2 study was designed with much attention for methodological 

aspects regarding for example the number and timing of previous miscar-

riages (determining eligibility), the study design (a two- or three-armed 

trial, open label or placebo-controlled), the trial intervention (lmwh, asa 

or both and dosage thereof) and start of intervention (pre- or post-concep-

tional). The study proposal was subsequently presented to experts in the 

field, both nationally and internationally, to further optimize the design 

and also to raise interest for the study amongst colleagues, who would 

later be requested to participate in the study.

The final study protocol which was agreed upon, was a two-armed, open-la-

bel randomized controlled trial, in which pregnant women with two or 

more miscarriages (not necessarily consecutive and irrespective of timing 

of the pregnancy loss) and inherited thrombophilia (Factor V Leiden, pro-

thrombin g20210a mutation, or deficiency of Protein C, S or Antithrombin), 

are randomized to either lmwh (enoxaparin 40mg or equivalent dose, once 

daily), or no intervention. The primary outcome of the study is live birth, 

and secondary outcomes include bleeding and obstetric complications.
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with recurrent miscarriage.11

As colleagues indicated that the bleeding risk associated with the higher 

dose would make them reluctant to include their patients, the trial dose 

was set at equivalent to enoxaparin 40 mg: higher than a low dose used 

for vte prophylaxis (i.e. enoxaparin 20 mg), but lower than the high dose of 

80 mg. Despite these careful considerations, participation may be modest-

ly influenced by colleagues, who were used to prescribe the higher dose. 

Hence, in planning recruitment these factors should be taken into account.

lmwh is compared to no treatment in the alife2 study. The use of a place-

bo (e.g. saline injections) was considered in the design-phase. Compared 

to no treatment, placebo use could affect participation positively as well 

as negatively, as both a 50% chance of saline injections, as well as a 50% 

chance of open-label no treatment may be reasons for women to refuse 

or cancel participation. Since the trial evaluates the effect of lmwh on live 

birth, use of a placebo was not judged to be a crucial quality aspect.

Arguments in favor of a placebo-control include a potentially more valid 

trial result, and minimization of the risk of performance bias, i.e. that sys-

tematic differences arise between the groups in the care that is provided, 

in exposure to other factors, and in assessment of data including bleeding 

.12 The difficulties of manufacturing placebo injections and the high costs 

associated with this manufacturing and the distribution were the greatest 

argument against the use of placebo. Furthermore, as for the unequivocal 

primary outcome (a live born neonate), a placebo effect may be considered 

minimal, and as other perhaps more important methodological parame-

ters such as blinded outcome assessment and adequate allocation con-

cealment were accounted for, an open-label design with no treatment as 

a comparator to lmwh was agreed upon.13 Nonetheless, we do not know 

whether this open design is improving or hampering recruitment.

In the initial protocol, the use of anticoagulant drugs such as non-steroid 

anti-inflammatory agents and asa was prohibited. This was amended 19 

months after the start of the trial, after an eligible woman with a history of 

pre-eclampsia was not included because her treating physician wanted to 

prescribe asa to reduce the risk of pre-eclampsia in her subsequent preg-

nancy. A head to head comparison of lmwh versus no treatment, not con-

taminated by any co-medication, will provide the most valid evidence.14 

However, with already few eligible patients, we considered it undesirable 

that eligible women would be excluded for this reason. As the number of 

included women with a history of pre-eclampsia was anticipated to be low 

and asa use would be randomly distributed between the two treatment 

Experienced challenges and hurdles

Choice of study intervention

In the alife2 study, enoxaparin 40 mg injection once daily (or an equivalent 

dose of another low-molecular-weight heparin type), is compared to no-in-

tervention. The type of treatment and dose were extensively discussed. A 

three-armed trial also including asa would have been ideal, but was con-

sidered unfeasible as the number of participants needed would increase 

from 400 to over 700.

For heparin, both the anticoagulant activity and anti-inflammatory prop-

erties are thought to contribute to its effect for maintaining pregnancy. 

In addition, heparin promotes trophoblast differentiation in vitro. For asa, 

the mechanism of action in pregnancy is less clear. Unfractionated hepa-

rin needs to be administered at least twice daily, whereas lmwh a single 

daily dose is sufficient. As in a direct comparison of lmwh and ufh (both 

combined with asa, in women with antiphospholipid syndrome), both ap-

peared equally effective, lmwh was considered more favorable than ufh. 

Results of the previously mentioned subgroup analysis in women with 

inherited thrombophilia in the alife study suggested a greater effect on 

live birth of lmwh plus asa when compared to asa alone. Furthermore, for 

women with antiphospholipid syndrome, there is no evidence that asa 

alone increases live birth rates after recurrent miscarriage. This knowl-

edge, taken together with the fact that for clinical practice the question 

whether lmwh is effective appears most pressing, led to lmwh as the in-

tervention of choice for the alife2 study.

Enoxaparin 40 mg or an equivalent was the dose decided upon after con-

sultation with many colleagues; both to verify that there was agreement 

amongst peers on the scientific merit of the study, as well as to make sure 

that, with the agreed dose of lmwh, colleagues would be willing to partic-

ipate. Consensus was not easily reached. A high dose (e.g. equivalent to or 

even higher than 80 mg enoxaparin) would infer a higher bleeding risk, but 

would minimize the possibility that a (dose-dependent) beneficial effect of 

lmwh would not become apparent in the trial but would increase the risk 

of bleeding. Using a low dose would conversely be potentially associated 

with a lower bleeding risk, but a negative trial outcome (i.e. no beneficial 

effect of lmwh) in turn, would not settle the doubt that a higher dose could 

have been effective. However, results of the live-enox trial, showed no ad-

ditional benefit of 80 mg enoxaparin over 40 mg enoxaparin in women 
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the ethical committee of the amc. After initial submission on June 20th, 

approval was obtained on August 31st 2012 and a subsequent notification 

of no objection by the competent authority was obtained on November 

12th 2012.

In the Netherlands, a new directive had just been installed, intended to 

improve and speed-up medical-ethical review of multi-center studies.18 

Where previously a new study protocol would have to pass the review 

board of each participating center, the directive states that the individual 

review boards in the Netherlands are all officially acknowledged and that 

a positive decision of either one is applicable to all centers. Once reviewed 

and approved by one ethics board, the execution of the study in another 

center should only be agreed upon by the local board of directors. This ap-

pears a straight-forward procedure, which according to an observational 

study, decreased the median time to approval from 118 days in centers 

which didn’t comply with the directive, to 50 days in centers which did.19 In 

practice, however, the boards did not comply with this new directive, and 

would not consent without a full review of the submission by their own 

ethics board, which resulted in substantial delays.19

Initiating participation of an additional not initially listed center thus im-

plied collecting the necessary documents from the trial office or gynecol-

ogist concerned at that new center (varying between 3 weeks to several 

months), a request for ethical approval (typically obtained in 2 weeks), a 

request for board of directors’ approval at the new center (varying between 

1.5 to several months) and preparing the initiation of the study at the new 

center (1 week), proved to be tantalizingly slow.

It is therefore very important to ensure commitment of the center intend-

ed to participate, before this process is begun. This can save both effort and 

time, if initially consenting partners change their minds and refrain from 

participation in a later stage.

These multi-center dimensions become even more challenging when in-

volving international centers. Additional funding is required, local stand-

ard practice can differ from the initiating country, other legal issues apply 

and obtaining local ethics approval is subject to other matters and restric-

tions than already encountered. On the other hand, international partici-

pation will maximize recruitment and will potentially increase the exter-

nal validity of the study, as women of different backgrounds, ethnicity and 

cultures can be enrolled. A great number of international colleagues were 

supportive regarding the alife2 study. However, in parallel to the Nether-

lands, several centers initially willing to participate, withdrew later; still 

groups, the scientific integrity of the trial did not appear to be jeopardized, 

the protocol was amended as such: ‘Apart from the assigned study med-

ication, women are strongly discouraged to use anticoagulants or other 

medication that affects hemostasis, including non-steroidal anti-inflam-

matory drugs (nsaid’s). asa at a low dose (≤100 mg daily) to lower the risk 

for recurrent preeclampsia (at the discretion of the treating physician), is 

discouraged but allowed’. This is an example of how protocol amendments 

can lead to increased enrollment, without compromising the validity of 

the study.

In- and exclusion criteria

Internationally, definitions and nomenclature of recurrent miscarriage, in-

cluding timing of miscarriage, number of losses and whether or not the 

losses were consecutive, vary widely.15-17 Although the choice of 2 miscar-

riages as a diagnosis of recurrent miscarriage and as the inclusion criteri-

on for the study was criticized in the design phase of the study, this was 

no source for delay or disagreement once the protocol was finalized. Dif-

ferent views of colleagues regarding this criterion were respected, as these 

merely reflect the lack of strong evidence for either definition. Clarification 

of why it was the investigators’ opinion appeared key in realizing a com-

promise to include women with two or more, not necessarily consecutive, 

miscarriages. It became obvious that with a proper explanation and rea-

soning, the effects of different definitions did not influence recruitment. 

The broad definition of recurrent miscarriage used in the study (i.e. two or 

more miscarriages) enables participation of clinics with a more strict defi-

nition of recurrent miscarriage (i.e. three or more) to participate. An open 

discussion to create mutual understanding is the way forward to positively 

affect study participation.

Review board approval and multicenter dimensions

With the foundation for the design of the study laid amongst Dutch col-

leagues and internationally, it was anticipated that the study could be in-

itiated in the principal center, (Academic Medical Center, [amc] Amster-

dam, the Netherlands) and shortly thereafter in the other Dutch centers 

of which colleagues had expressed their intention to participate. Unfor-

tunately, reality proved otherwise. First, the study had to be approved by 
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sonnel, but is by far too small to be considered as an incentive to take 

charge, and proactively recruit patients. The inclusion rate of the study is 

therefore merely dependent on the commitment and enthusiasm of lo-

cal investigators. With high (clinical) workloads and numerous studies de-

manding efforts, alife2 is not always top priority. Study organizers there-

fore need to realize, especially in the absence of substantial recruitment 

fees, that identifying centers with dedicated (principal) investigators or 

trial offices as potential participating centers is very important.

Additionally, newly started trials are often subject to the paradox that once 

a trial has begun, the number of eligible patient is suddenly much lower 

than the number initially anticipated. This phenomenon is known as Lasa-

gna’s law, and appears to hold true for alife2 as well.22

The Women and Child Health Research Consortium (www.studies-obsgyn.

nl), initially established in 2003 after a grant from The Netherlands Or-

ganisation for Health Research and Development, is a renowned collabo-

rative initiative for multi-center research in the Netherlands. Since 2015, 

the consortium is under the auspices of the Dutch Society of Obstetrics 

and Gynaecology. Over 70 medical centers have joined in this initiative, 

which provides unique logistics for the alife2 study. Joining centers are 

accustomed to including patients in ongoing investigator-initiated studies. 

Furthermore, results of consortium studies find their way to daily practice 

more easily.

However, the popularity of this network may outgrow its capacity. With a 

limited number of trials, the collaborators were dedicated to deploy them-

selves for others, but as more and more investigators wish to benefit from 

the network and progressively more studies are introduced, the network is 

at risk of becoming overstrained and participants’ focus returns to individ-

ual priorities rather than those of the collaboration. This is a disadvantage 

for investigator-initiating studies compared to pharmaceutical trials. It can 

be overcome by an enthusiastic approach, involving education (making 

collaborators aware of the need for enrollment, providing them with tips 

for execution of the study), motivation (providing progress reports encour-

aging contribution and possible addition of sub study questions) and help 

with identifying barriers that are experienced in the local setting. Howev-

er, only such a continuous effort will render that the study stays on top 

of priorities. A recent reorganization of the Consortium aimed for a more 

efficient collaboration but infers higher overhead costs for participating 

studies.

supportive of the study, but not able or willing to cope with anticipated 

initiation difficulties. It is therefore again key to ensure commitment of 

the center intended to participate in an early stage, before time and effort 

are wasted if participation is declined later on. However, for those centers 

willing to participate, perseverance will pay off in the end. After initially 

pledging to participate, some centers may take two years before the ap-

proval at the local ethics board is requested.

A new European regulation (no. 536/2014), created with the aim to harmo-

nize the procedure for the assessment of applications for clinical trials, 

was published in May 2014 and is expected to be effectuated mid-2016.20 

It states that the medical and scientific aspects of the application will be 

jointly assessed by all member states via one application, which could be-

come a major improvement of the application procedure for new trials. 

However, as national aspects such as privacy, insurance and research facil-

ities of the application still need to be assessed by each member state indi-

vidually, and local management boards of the centers should still approve 

the execution of the study, this regulation may be subject to the same pit-

fall as the Dutch directive. In any case, patience and persistence are essen-

tial and will be rewarded.

Factors influencing actual recruitment

Once a center can start recruiting, the actual inclusion rate is dependent 

on the input and efforts of local investigators and trial nurses, who are 

often otherwise busy with studies and clinical work. Research has shown 

that the only factor truly contributing to recruitment is a dedicated local 

principal investigator or dedicated research staff who are convinced of the 

value of recruitment for clinical practice.21

Here, the discrepancy between commercial pharmaceutical trials and in-

vestigator-initiated studies, as alife2, becomes apparent. Pregnant women 

are often excluded from pharmaceutical trials because of the pharmaceu-

tical companies’ concerns for liability. This implies that the great majority 

of studies effectuated in pregnant women are investigator-initiated and 

the academic sponsors have to bear the expenses of the high liability in-

surance fees.

Where a pharmaceutical trial can provide recruitment fees as high as sev-

eral thousand euro’s per included patient enabling hiring personnel and 

eligibility searches, the alife2 study only offers an inclusion fee of 250,- 

Euro’s per completed crf. This is compensation for the work of study per-
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entific reasons why the study is designed and how only randomized tri-

als will provide answers on whether therapies are effective, appear useful 

tools. Furthermore, some women consent to participation at a recurrent 

miscarriage consultation, but are not yet pregnant. It is important to stay 

in touch with these women, to ensure they remain aware of the study and 

are randomized as soon as they have a positive pregnancy test.

Interestingly, although women have declined participation for other rea-

sons, such as not willing to interfere with God’s will, up till now, no woman 

refused consent because of the 50% chance of being allocated to no treat-

ment.

Progress is made

With the many obstacles identified and some overcome, there is also good 

news. Doubling of the number of participating centers, increasing aware-

ness of the study and more involved collaboration between colleagues 

have doubled the enrollment rate in the second year of the study. As fund-

ing for participation of the uk is obtained and one Dutch clinic and three 

other foreign clinics are currently requesting irb approval for participation, 

this is expected to increase steeply within the near future. This increas-

ing number of participating centers will not only add to the recruitment 

rate, but hopefully also improve dissemination and implementation of the 

study results, once obtained.24

Conclusion

Designing and executing a multicenter trial, even if the trial addresses a 

clear gap of evidence and is broadly supported by clinicians, is a huge op-

eration. This is especially true for investigator-initiated trials with limited 

funding. However, conducting such trials remains the only way forward on 

the road towards more evidence.

Laying a solid foundation for the study amongst colleagues who will be 

requested to participate, in advance of the study, identifying those centers 

with dedicated investigators or trial offices, early recruitment of potential 

participating centers, and a constant and enthusiastic pursuit are key ele-

ments for success.

Discrepancy between scientific evidence and current clinical practice

Although current guidelines state that no evidence of a beneficial effect 

of lmwh on live birth in women with recurrent miscarriage and inherited 

thrombophilia exists, and that treatment is burdensome, expensive, and 

associated with bleeding, some physicians tend to employ a benefit-of-

the-doubt practice and prescribe lmwh to their patients.4/23 Some prefer 

prescribing lmwh to women homozygous for Factor V Leiden or prothrom-

bin g20210a, or deficient of antithrombin for example, in the view that 

these thrombophilias infer the highest risk of miscarriage or should be 

anticoagulated in pregnancy for the purpose of thrombosis prophylaxis. 

No recruitment by these physicians, or even selective recruitment (only 

randomizing women at perceived ‘low risk’, and routine prescribing lmwh 

to others) does not serve the study and will not provide the evidence need-

ed. Furthermore, this practice provides women who are randomized to no 

treatment with an opt-out option, securing their lmwh prescription else-

where. Education, and discussing the different viewpoints regarding evi-

dence, is again key to overcome this issue.

A more problematic aspect is the cost of screening for inherited throm-

bophilia. With no currently known effective treatment, guidelines advise 

against screening.4/23 It is anticipated that a new update of the Dutch guide-

line will recommend against screening except when the results of screening 

enable participation in an ongoing trial. However, this guideline is not imple-

mented yet. Approximately 7 patients need to be screened to identify one 

with inherited thrombophilia. Restrained by budget cuts, even colleagues 

acknowledging the need for the study and willing to contribute, can recruit 

only limited numbers of patients as those eligible are not identified because 

screening is not performed. Unless screening is performed in the context 

of patient care, a greater study budget including costs of pre-screening all 

women with unexplained recurrent miscarriage for the presence of inher-

ited thrombophilia would be needed to overcome this problem.

Finally, once an eligible woman has been identified, she has to be informed 

of the study and sign consent to be enrolled. Although this may not sound 

as the greatest hurdle, the art of asking for informed consent is not easily 

mastered. Especially for a study like alife2, where women eligible for the 

study often are willing to do anything to improve their chance of a success-

ful pregnancy, they may refuse participation for various reasons. A good 

explanation of the study burden and potential benefits, but also of the sci-
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Abstract

1-5% of women trying to conceive suffer from recurrent miscarriage and in 

50% of these women the cause of the preceding miscarriages is unknown. 

Inherited thrombophilias such as Factor V Leiden mutation, prothrombin 

g20210a gene mutation and deficiencies of natural anticoagulants protein 

C, protein S and antithrombin are associated with recurrent miscarriage. 

Knowledge of the association between inherited thrombophilia and recur-

rent miscarriage and of potential treatment options for improving chances 

of a live birth could tempt physicians to test for inherited thrombophilia 

in women with recurrent miscarriage. However, the strength of the asso-

ciation between inherited thrombophilia and recurrent miscarriage is not 

very strong and more importantly, there is no evidence that the use of an-

ticoagulants improves the chance of live birth in these women.

With the current state of evidence, testing for inherited thrombophilia 

should not lead to altered clinical management and therefore, should not 

be performed routinely in women with recurrent miscarriage, but only in 

the context of scientific studies.

Introduction

Thrombophilia, a condition associated with increased tendency to venous 

thrombosis, is associated with recurrent miscarriage. It accounts for early 

miscarriage as well as for miscarriage at later gestational age. Nowadays in 

clinical practice, testing for inherited thrombophilia in women with recur-

rent miscarriage is slowly becoming part of routine care. The value of a test 

is in part dependent on the relevance of the test result for clinical man-

agement as well as on the impact of the test and test results on a patient. 

We argue that, in this case, a positive or negative test result should not 

alter clinical management and therefore, that testing for inherited throm-

bophilia in recurrent miscarriage is not justified.

Firstly, we discuss recurrent miscarriage, inherited thrombophilia and the 

suggested pathophysiological mechanisms of this association. Secondly, 

we discuss strength of the evidence on the use of anticoagulants to pre-

vent recurrent miscarriage. Finally the potential benefits and drawbacks of 

testing for inherited thrombophilia in women with recurrent miscarriage 

are discussed and we explain why, based on the current knowledge of test-
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Thrombophilia

Coagulation cascade, regulatory mechanisms

and inherited thrombophilia

The term thrombophilia is used to describe a disorder associated with an 

increased tendency to venous thromboembolism (vte). It can be acquired, 

as in patients with malignant disease or aps, as well as inherited. Tradi-

tionally, possible features are a family history of thrombosis, thrombosis 

at an unusual location and thrombosis at young age, but a large proportion 

of carriers of thrombophilic defects remains asymptomatic throughout 

life. In addition to these features, thrombophilia is also associated with 

an increased risk of both single miscarriage and recurrent miscarriage.8/9 

Severe preeclampsia is also associated with thrombophilia; for other ad-

verse pregnancy outcomes, including placental abruption and intra-uter-

ine growth restriction, the presence of an association is controversial.8-10

Thrombophilia can be acquired, as in patients with malignant disease 

or aps, as well as inherited. The effects of the currently known inherited 

thrombophilic defects on fibrin formation are explained in figure i. The 

process of coagulation is activated and regulated in several ways, in which 

thrombin (factor IIa) plays a key role. It converts fibrinogen to fibrin; the 

main component of a haemostatic plug. Secondly, it activates coagulation 

factors v, viii, xi, leading to increased thrombin formation, and factor xiii 

which crosslinks fibrin strands. Coagulation is physiologically regulated by 

protein C and protein S. Protein C is activated to activated Protein C (apc) 

by thrombin in the presence of thrombomodulin. apc inactivates factors Va 

and VIIIa, and protein S serves as a cofactor in this process, indirectly de-

creasing thrombin formation. A third natural anticoagulant is antithrom-

bin; it inhibits thrombin directly, but can also inactivate factors Xa, IXa, 

VIIa and plasmin, thereby indirectly inhibiting thrombin formation.

ing and therapeutic options for recurrent miscarriage, testing should not 

be routine practice in women with recurrent miscarriage.

Recurrent miscarriage

The nomenclature used to describe miscarriage at a certain gestational 

age is divergent. Revised terminology was proposed in 2005; suggesting 

‘early pregnancy loss’ (loss of fetal heart activity <12 weeks gestation), ‘late 

pregnancy loss’ (loss of fetal heart activity >12 weeks gestation) and ‘recur-

rent miscarriage’ (3 early consecutive losses or two late pregnancy losses) 

as preferred terms, all based on previous crown-rump length identification 

on ultrasound.1 We prefer to use the term ‘miscarriage’; ‘pregnancy loss’ 

can imply loss of a pregnancy not only being a miscarriage but also ectopic 

pregnancy, or stillbirth. To couples, the loss of ‘only’ two pregnancies, will 

feel like recurrent miscarriage, irrespective of the medical nomenclature re-

quiring three consecutive miscarriages. There is recent evidence that two 

or more -not necessarily consecutive- miscarriages constitute recurrent 

miscarriage.2/3

Pregnancy loss for any reason is severely distressing for women and their 

partners who wish to have children. In all clinically recognized pregnan-

cies, a single spontaneous miscarriage occurs in 14-19% of patients, and 

1-5% of women experience two or more consecutive miscarriages.4/5 A ma-

jority of miscarriages that occur before 10 weeks’ gestation are due to chro-

mosomal errors arising from non-inherited, non-disjunctional events.6 

A higher maternal age and increasing number of preceding miscarriages 

are strong determinants of recurrent miscarriage. However, in over 50% 

of women, the cause of the recurrent miscarriage remains unexplained. 

Known possible causes include anatomical, hormonal, and chromosom-

al abnormalities in parents, as well as prothrombotic abnormalities, as is 

the case in thrombophilia. Antiphospholipid syndrome (aps), an acquired 

form of thrombophilia, is considered an established risk factor for recur-

rent miscarriage.7 Various forms of inherited thrombophilia are associated 

with recurrent miscarriage, but the causal relationship is not yet fully elu-

cidated.
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Two forms of inherited thrombophilia are the gain of functional mutations 

called Factor V Leiden and prothrombin g20210a gene mutation. Factor V 

Leiden mutation, the most prevalent known inherited thrombophilic de-

fect (5% in Caucasians11), results from a substitution of adenine for gua-

nine at the 1691 position of the factor V gene (figure ii). This leads to the 

substitution of glutamine for arginine at position 506 in the factor V pol-

ypeptide. As a consequence, factor Va is resistant to degradation by acti-

vated protein C (apc), which results in less down-regulation of thrombin, 

compared to normal factor Va.

figure ii - Schematic representation of the Factor V Leiden mutation.

At amino acid position 506, arginine (Arg) is replaced by glutamine (Gln), which makes the mol-

ecule less susceptible for cleavage by activated protein C at this site. Additional cleavage of the 

factor V molecule at amino acid positions 306 and 679 can occur normally but at a slower rate.

figure i - Blood Coagulation and Fibrinolysis.

Simplified scheme of coagulation and fibrinolysis. Coagulation is initiated by a tissue factor

(tf)-factor viia complex that can activate factor IX or factor X, leading to formation of the key 

enzyme thrombin (factor IIa). Tissue factor–dependent coagulation is rapidly inhibited by tissue 

factor–pathway inhibitor (tfpi). Coagulation is maintained through the activation of factor xi by 

thrombin. Through the intrinsic tenase complex (factors ixa and viia) and the prothrombinase 

complex (factors Xa and Va), the additional thrombin required to down-regulate fibrinolysis is 

generated by the activation of thrombin-activatable fibrinolysis inhibitor (tafi).

The coagulation system is regulated by the protein C pathway. Thrombin activates protein C 

in the presence of thrombomodulin. Together with protein S (ps), activated protein C (apc) is 

capable of inactivating factors Va and VIIIa, which results in a down-regulation of thrombin gen-

eration and consequently in an up-regulation of the fibrinolytic system. The activity of thrombin 

is controlled by the inhibitor antithrombin (at). The solid arrows indicate activation and the 

broken arrows inhibition.
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table i - Prevalence of inherited thrombophilia in Caucasians, adapted from Coppens et al.,

Cohn et al., and Middeldorp et al.17-19

Thrombophilia and pregnancy loss

Pathophysiology

Physiologically, pregnancy is associated with changes in haemostasis, 

resulting in a hypercoagulable state.20 In theory, thrombophilia intensi-

fies these changes in haemostasis during pregnancy. The association be-

tween thrombophilia and recurrent miscarriage as well as pre-eclampsia 

and possibly abruptio placentae and intra-uterine growth restriction can, 

therefore, be explained by the concept of thrombosis of the (micro) vascu-

lature of the placenta. This hypothesis is reinforced by the fact that pla-

cental infarction is a common finding in women with placenta-mediated 

pregnancy complications and thrombophilia.21

However, it is unlikely that this is the sole mechanism of thrombophilia in 

miscarriage. Because placental development has not yet taken place very 

early in pregnancy and early miscarriage is also associated with thrombo-

philia, other pathophysiological mechanisms may also play a part.

A suggested mechanism by which aps induces injury to the developing fe-

tal-placental unit is by activation of complement.22 In animal models, bind-

ing of antiphospholipid antibodies to trophoblast can activate complement 

factors C3 and C5, leading to recruitment and stimulation of inflammatory 

The prothrombin g20210a gene mutation results from a mutation in the 

promotor region of the prothrombin gene (g20210a), which leads to slight-

ly elevated prothrombin levels,12 which is associated with an increased risk 

of thromboembolism.13

Deficiencies of the natural anticoagulants antithrombin, protein C and 

protein S lead to increased thrombin generation and are relatively rare 

forms of inherited thrombophilia.

Both Protein C and Protein S are vitamin-K dependent glycoproteins.

An elevated level of factor viii is another possible genetically determined 

cause of thrombophilia which may be a common risk factor for vte and 

arterial vascular events, but the etiology and impact of this defect on preg-

nancy complications are unclear.14/15

Thrombophilia and vte

Altogether, the different forms of inherited thrombophilia are not rare 

(table i), but the frequency varies considerably within healthy populations 

and among patients with vte. As mentioned before; Factor V Leiden mu-

tation is the most prevalent inherited thrombophilic defect, occurring in 

5% of Caucasians; however, it is rare in Asians and Africans.11/13 A mutation 

in the prothrombin gene is present in approximately 2-3% of Caucasians, 

but is also less common in Asians and Africans.16/17 Homozygosity for these 

two mutations is rare, with a prevalence of 0.02% for Factor V Leiden mu-

tation and 0.014% for prothrombin g20210a mutation.12/16 Deficiencies of 

Protein C, Protein S and antithrombin are much rarer than Factor V Leiden 

mutation or prothrombin g20210a gene mutation; their combined preva-

lence is approximately 1%.17 Among patients with vte the prevalence of 

inherited thrombophilia is higher (table i).17 The relative risk for a first ve-

nous thrombosis in carriers of a Factor V Leiden mutation is approximately 

3-5, and in carriers of a prothrombin g20210a gene mutation, the relative 

risk is 2-3.18 In patients with deficiencies of antithrombin, protein C or pro-

tein S the relative risk for a first venous thrombosis is also elevated; 5-10, 

4-6.5 and 1-10, respectively. The estimated relative risks of vte recurrence in 

patients with inherited thrombophilia are 1.8 – 2.5 (natural anticoagulant 

deficiencies), 1.3 – 1.4 (Factor V Leiden mutation) and 1.4 – 1.7 (prothrombin 

g20210a gene mutation), as compared to vte patients without thrombo-

philia.19
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Results from a meta-analysis are summarized in table ii; odds ratios for 

individual thrombophilic defects for early miscarriage and late miscar-

riage were 1.40-6.25 and 1.31-20.09 respectively.9

table ii - Association between Pregnancy Complications and Thrombophilia, adapted from

Robertson et al.9

* Homozygous and heterozygous carriers were grouped together; it is not possible to extract data

for zygosity. na, not available. Note: data are derived from a systematic review; terminology of 

pregnancy loss at various gestational ages may vary among included studies.

cells and injury to the fetus and placenta. Furthermore, in in vitro studies 

on human placental tissue, it was demonstrated that antiphospholipid an-

tibodies can inhibit primary extra-villous trophoblast differentiation, and 

subsequent placentation.23 Moreover, it is observed that heparin as well as 

aspirin regulates trophoblast apoptosis in vitro.24

Similar experimental models for inherited thrombophilia have not been 

studied, but experiments on thrombomodulin-deficient mice have shown 

that the thombomodulin-protein C pathway is essential for the mainte-

nance of pregnancy; activated coagulation factors induce cell death and 

growth inhibition of placental trophoblast cells by formation of fibrin deg-

radation products inducing death of giant trophoblast cells, as well as by 

engaging protease-activated receptors par-2 and par-4. These findings sug-

gest that thrombomodulin-protein C system may protect placental integ-

rity, and consequently that a lack of protein-C can be part of the cause of 

pregnancy loss.25

Strength of association

The effect of thrombophilic defects on pregnancy outcome seems to vary 

for different forms of thrombophilia and during the course of pregnan-

cy. One study reported an association between increased risk of recurrent 

miscarriage throughout the entire first trimester and prothrombin g20210a 

gene mutation, whereas Factor V Leiden mutation was associated with re-

current miscarriage after the start of placentation (10-14 weeks gestation), 

but not with embryonic loss.26 A meta-analysis, showed that recurrent mis-

carriage with only first trimester miscarriages, is associated with Factor V 

Leiden mutation, activated protein C resistance and prothrombin g20210a 

gene mutation.8 Late pregnancy loss was associated with Factor V Leiden 

mutation (pregnancy loss >19 weeks), prothrombin g20210a gene mutation 

(loss >20 weeks) and protein S deficiency (loss >22 weeks). The associa-

tion between Factor V Leiden mutation and late recurrent miscarriage was 

stronger than for early recurrent miscarriage (<13 weeks gestation). Re-

sults of another systematic review showed that women with unexplained 

stillbirth were more often heterozygous for Factor V Leiden mutation, or 

had protein S deficiency more often than controls.27 Moreover, the extent 

of the association between thrombophilia and miscarriage varies, accord-

ing to type of thrombophilia and gestational age.
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table iii - Available evidence from randomized controlled trials investigating heparin

(lmwh or unfractionated heparin) compared to no heparin in women with a history of unex-

plained recurrent miscarriage*; effect on live birth.

* Various definitions. apla, antiphospholipid antibodies; ufh, unfractionated heparin; lmwh, low

molecular weight heparin

Potential impact of anticoagulant therapy; evidence

Because of the presumed role of thrombophilia in the pathogenesis of re-

current miscarriage, anticoagulants could be a therapeutic option. Hepa-

rin binds to and potentiates the activity of antithrombin.28 In contrast to 

coumarin derivatives, neither unfractionated heparin nor low molecular 

weight heparin (lmwh) cross the placenta and therefore these interven-

tions do not have the potential to cause fetal bleeding and teratogenic 

damage. In clinical practice, aspirin and lmwh are frequently prescribed 

for women with unexplained recurrent miscarriage or with inherited 

thrombophilias and recurrent miscarriage not otherwise explained, de-

spite a lack of evidence.

Beneficial effects of anticoagulants (lmwh with or without aspirin) for 

women with unexplained recurrent miscarriage were reported in several 

studies.29/30 However, these studies were either not randomized, not place-

bo-controlled, or had other methodological limitations (table iii).

We recently performed a randomized placebo controlled trial (alife study), 

investigating whether aspirin combined with lmwh or aspirin alone as 

compared with placebo would improve the live birth rate among 364 wom-

en with unexplained recurrent miscarriage (<20 weeks gestation).2 We found 

that neither aspirin combined with nadroparin nor aspirin alone improved 

the chance of a live birth in women with a history of unexplained recur-

rent miscarriage. In addition, no significant benefits were found for women 

with inherited thrombophilia, but the study was not powered to assess 

this effect.

The spin-study, another randomized controlled trial, assessed whether 

enoxaparin and low-dose aspirin reduced the rate of miscarriage com-

pared to intensive pregnancy surveillance alone in 294 women with a his-

tory of 2 or more consecutive previous miscarriages (<24weeks gestation).31 

Results showed 22% miscarriage in participants receiving enoxaparin and 

aspirin, compared with 20% miscarriages in subjects receiving intensive 

surveillance alone (odds ratio 0.91, 95% confidence interval 0.52-1.59).
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that possibly there was underreporting of skin reactions in studies includ-

ed in the systematic review.

Testing for inherited thrombophilias

Recognizing the association between recurrent miscarriage and thrombo-

philia and the possible benefits of anticoagulant treatment, the question 

is raised whether testing women with recurrent miscarriage for throm-

bophilia should be performed routinely. Arguments in favor of testing 

include the gain of knowledge on the possible cause of miscarriage. This 

provides an explanation for the patient and her partner, as well as for her 

physician. A second and more important argument supportive of testing 

for thrombophilia, is to select the group of patients who could benefit from 

anticoagulant treatment in a future pregnancy. However, as yet, thrombo-

philia and recurrent miscarriage are merely associated, and evidence for 

the efficacy of anticoagulants in women with thrombophilia and recurrent 

miscarriage is still lacking. Since treatment of these women is, at present, 

not justified, testing for inherited thrombophilia should not alter clinical 

management and, therefore, should not be performed.

A complete thrombophilia screen cost approximately $570 in 2003.37 More-

over, the psychological impact and consequences of a person knowing 

that she or he is a carrier of a (genetic) thrombophilic defect are potential 

drawbacks of testing. In a systematic review of the psychological impact 

of testing for thrombophilias, no valid conclusions could be drawn based 

on the literature, because data could not be pooled due to varied meth-

odology in eligible studies.38 However, 43% and 27% of participants in two 

studies reported being more worried with the knowledge of being a carrier 

of thrombophilia.39/40

In the Hepasa trial, the use of lmwh in addition to aspirin did not lead 

to increased live birth when compared to aspirin alone in women with 

antiphospholipid antibodies, inherited thrombophilia or antinuclear anti-

bodies and recurrent miscarriage in the Hepasa trial.32 The Habenox study 

also found no beneficial effect of lmwh (with aspirin or placebo) compared 

to aspirin in women with or without thrombophilia and recurrent miscar-

riage.33

None of the trials just cited were sufficiently powered to demonstrate an 

effect of pharmacological therapy in the subgroup of women with throm-

bophilia. There is a need for randomized, adequately powered place-

bo-controlled trials on the use of anticoagulants in women with recurrent 

miscarriage and inherited thrombophilia. Until beneficial effects of anti-

coagulants are demonstrated in such trials, pharmacological intervention 

in women with recurrent miscarriage and thrombophilia is not justified.

Potential impact of anticoagulant therapy; drawbacks

Apart from the lack of evidence for these pharmacological interventions, 

anticoagulant therapy in pregnant women is potentially harmful. Fortu-

nately, the risk of hemorrhage (including post-partum hemorrhage), hep-

arin induced thrombocytopenia (hit) and heparin induced osteopenia, the 

main potential adverse effects of heparins, appears small in previously 

mentioned trials. In a systematic review of the safety and efficacy of lmwh 

in pregnant women, the rate of significant bleeding was low; 1.98% (95% 

confidence interval 1.50% – 2.57%).34 Bleeding is a serious complication 

and should not be underestimated. In 2777 pregnancies with lmwh use, no 

case of hit associated with thrombosis was reported and the overall risk 

of heparin-induced osteoporosis was 0.04% (one single patient).34 However, 

3 other cases of osteoporotic fractures associated with lmwh use in preg-

nancy have been reported, that were not included in the review.35

Moreover, lmwh needs to be administered daily and administration often 

causes pain and bruising at injection sites. In the previously cited system-

atic review, the reported rate of skin reactions was low; 1.80% (95% confi-

dence interval 1.34% – 2.37%).34 In the alife trial swelling or itching at in-

jection site was reported by almost 40% of patients receiving nadroparin.2 

Another study of 66 women using lmwh in pregnancy or postpartum peri-

od reported skin complications in 19 (29%) women.36 These results suggest 
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Conclusions

Inherited thrombophilia is associated with recurrent miscarriage, but at 

present, the strength and pathophysiology of this association are not ful-

ly elucidated. Possibly, the use of anticoagulants will provide a means of 

increasing the chance of a live birth in women with recurrent miscarriage 

and inherited thrombophilia. However, as yet, this beneficial effect has not 

been proven and physicians should refrain from prescribing heparins to 

women for solely this indication. Since it still remains to be established 

whether subsequent treatment will improve clinical outcome, the knowl-

edge of a patients’ thrombophilic status should not alter clinical manage-

ment, and testing for thrombophilia should, therefore, not be performed 

on a routine base, but only in the context of scientific studies.
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Abstract

Background: Placenta-mediated pregnancy complications include pre-ec-

lampsia, late pregnancy loss, placental abruption, and the small-for-ges-

tational age newborn. They are leading causes of maternal, fetal, and ne-

onatal morbidity and mortality in developed nations. Women who have 

experienced these complications are at an elevated risk of recurrence in 

subsequent pregnancies. However, despite decades of research no effec-

tive strategies to prevent recurrence have been identified, until recently. 

We completed a pooled summary-based meta-analysis that strongly sug-

gests that low-molecular-weight heparin reduces the risk of recurrent 

placenta-mediated complications. The proposed individual patient data 

meta-analysis builds on this successful collaboration. The project is called 

affirm, An individual patient data meta-analysis oF low-molecular-weight 

heparin For prevention of placenta-medIated pRegnancy coMplications.

Methods/Design: We conducted a systematic review to identify randomized 

controlled trials with a low-molecular-weight heparin intervention for the 

prevention of recurrent placenta-mediated pregnancy complications. In-

vestigators and statisticians representing eight trials met to discuss the 

outcomes and analysis plan for an individual patient data meta-analysis. 

An additional trial has since been added for a total of nine eligible trials. 

The primary analyses from the original trials will be replicated for quality 

assurance prior to recoding the data from each trial and combining it into 

a common dataset for analysis. Using the anonymized combined data we 

will conduct logistic regression and subgroup analyses aimed at identi-

fying which women with previous pregnancy complications benefit most 

from treatment with low-molecular-weight heparin during pregnancy.

Discussion: The goal of the proposed individual patient data meta-analysis 

is a thorough estimation of treatment effects in patients with prior in-

dividual placenta-mediated pregnancy complications and exploration of 

which complications are specifically prevented by low-molecular-weight 

heparin.

Systematic review registration: prospero (International Prospective Registry 

of Systematic Reviews) 23 December 2013, crd42013006249
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tion. Recent randomized controlled trials (rcts) conducted to determine if 

lmwh can prevent recurrent placenta-mediated pregnancy complications 

suggest an important treatment effect,20-24 but this finding has not been 

universal.25

Although it appears that lmwh is a promising therapy in the prevention of 

placenta-mediated pregnancy complications, there are disadvantages to 

the premature adoption of this intervention without sufficient evidence of 

benefit. If lmwh is used universally for all women with prior placenta-me-

diated pregnancy complications, we may be intervening unnecessarily and 

exposing women to a risk of undesirable and potentially fatal, albeit rare, 

side effects (major bleeding, heparin-induced thrombocytopenia, osteo-

porotic fractures, withholding of epidural analgesia due to fear of causing 

epidural hematoma, and paralysis).26/27 Less serious side effects including 

skin reactions, minor bleeding, and transient elevations in liver enzymes 

are more commonly experienced.28/29 Therapy is also associated with cost 

and inconvenience since the drug is expensive and is administered by in-

jection either once or twice a day. Therefore, it is necessary to answer the 

question as to who benefits from lmwh prophylaxis during pregnancy and 

to determine the nature and magnitude of these benefits more precise-

ly. The individual patient data meta-analysis (ipdma) has the potential to 

answer these important questions and determine the risk/benefit ratio of 

therapy for various subgroups of women.

The composite outcome, including all placenta-mediated pregnancy com-

plications, that is used in many rcts is heterogeneous and not all indi-

vidual outcomes can be considered equally serious in terms of potential 

consequences for the mother and newborn. For example, late term pre-ec-

lampsia is clinically less worrisome since the symptoms tend to be less 

severe and generally resolve with delivery. Conversely, women who devel-

op pre-eclampsia earlier in the pregnancy have more serious clinical con-

sequences including a greater risk of maternal and neonatal death. Our 

pooled summary meta-analysis suggests that lmwh may prevent severe 

pre-eclampsia and early pre-eclampsia with less of an effect on late onset 

pre-eclampsia.1 Confirmation of these findings is extremely important for 

clinicians treating these women and has direct relevance for clinical prac-

tice worldwide.

There are many challenges associated with recruiting pregnant women to 

rcts with a drug intervention including: the biases of clinicians either for 

or against the therapy (based on insufficient evidence of benefit and lack of 

knowledge about potential risk); the concerns of the pregnant woman and 

her family about the health and safety of the mother and baby; and the 

Background

Placenta-mediated pregnancy complications include pre-eclampsia (pe), 

late pregnancy loss, placental abruption and the small-for-gestational age 

(sga) newborn. We completed a pooled summary-based meta-analysis 

that strongly suggests that low-molecular-weight heparin (lmwh) reduces 

the risk of placenta-mediated complications in subsequent pregnancies.1

A successful pregnancy requires the development of adequate placental 

circulation. It has been hypothesized that thrombosis in the placental bed 

is at least partially responsible for placenta-mediated pregnancy compli-

cations.2-4 It has also been suggested that these complications are the re-

sult of abnormal placental development with underdeveloped placental 

vasculature or placental inflammation.5/6 These complications represent 

an important health problem because they are common, affecting more 

than one in six pregnancies,7 and often have a devastating outcome for the 

affected women, their unborn children, their families, and society. Specifi-

cally, pe (characterized by a new onset of elevated blood pressure and pro-

teinuria during pregnancy) is one of the most common causes of maternal 

mortality in the developed world.8-11 sga newborns often suffer longterm 

effects including developmental delay, poor school performance, and a sig-

nificantly lower likelihood of academic and professional success.12-14 Fetal 

loss is a devastating event for pregnant women and their families. Placen-

tal abruption (separation of the placenta from the uterus before birth) can, 

in the most severe cases, lead to maternal hemorrhage with the risk of 

transfusion and both maternal and fetal death.

The risk of recurrent placenta-mediated pregnancy complications in sub-

sequent pregnancies is substantial. For example, women with prior se-

vere pe will have a 25 to 65% risk of recurrent pe, a 3% risk of placental 

abruption, and a 10% risk of sga (<10th percentile).15/16 These complica-

tions may be multiple (for example both pe and sga) and not isolated to 

the placenta-mediated complication experienced in a prior pregnancy.15/17 

There are no highly effective preventative strategies that can be used in 

subsequent pregnancies. Aspirin offers small relative risk reductions in 

patients with prior pe and sga, however, it may be more effective at reduc-

ing risk (approximately a 40% reduction) if started early in the pregnancy 

(before 16 weeks).18/19 There are no proven preventative strategies for the 

other complications. It has been postulated that anticoagulants might pre-

vent placenta-mediated pregnancy complications by reducing placental 

thrombosis and/or affecting maternal coagulation activation or inflamma-
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table i - Previously identified trials that meet the inclusion criteria for affirm.

asa, aspirin; ga, gestational age; ipdma, individual patient data meta-analysis; ipdma, individual

patient data meta-analysis; pe, pre-eclampsia; rct, randomized controlled trial; sb, stillbirth; sga, 

small-for-gestational age. Trial Names: tipps = Thrombophilia In Pregnancy Prophylaxis Study 

*accepted for publication in the Lancet. fruit = Fractionated heparin in pregnant women with a 

history of Utero-placental Insufficiency and Thrombophilia. noh-ap = Nîmes Obstetricians and 

HAematologist – abruptio placentae. noh-pe = Nîmes Obstetricians and HAematologist – pre-ec-

lampsia. happy = Heparin in pregnant women with Adverse Pregnancy outcome to improve the 

rate of successful PregnancY.

demands during pregnancy of attending additional appointments and in-

vestigations associated solely with study participation.1 Furthermore, the 

pharmaceutical industry often excludes pregnant women from trials due 

to liability concerns. As a result, there is a dearth of rcts evaluating lmwh 

in this population compared to other patient groups (such as oncology or 

orthopedic surgery). Those rcts that do exist are all academically driven 

and may not have the same financial and human resources that are avail-

able to trials that are sponsored by the pharmaceutical industry. Therefore, 

meta-analysis is an essential tool that allows for greater statistical power 

by pooling the existing small rcts evaluating lmwh for the prevention of 

placenta-mediated pregnancy complications.

Our recent pooled summary-based meta-analysis of six rcts (table i) in-

cluded 848 pregnant women with a history of pre-eclampsia, a sga neo-

nate (<10th percentile), placental abruption, or late pregnancy loss (more 

than 12 weeks gestation) in a previous pregnancy.1 The primary finding was 

that 67 out of 358 (18.7%) women taking lmwh during pregnancy had re-

current severe placenta-mediated pregnancy complications, as compared 

with 127 out of 296 (42.9%) women with no lmwh (relative risk reduction 

48% (95% ci 14 to 68%; (I2 69%). However, since the meta-analysis results 

apply to a heterogeneous group of women with a mixture of placenta-me-

diated pregnancy complications of varying prior severity and the primary 

outcome for the meta-analysis was a composite of all placenta-mediated 

complications (also of varying severity), it is not clear which subgroups of 

women derive the most benefit from lmwh (which outcomes are reduced 

and which severity of outcomes are impacted). Before recommendations 

for clinical practice can be advocated, it is necessary to conduct more de-

tailed analyses of the existing data to determine potential benefits for sub-

groups of women, to adjust for important baseline characteristics of par-

ticipants, and to explore other treatment-related reasons for the reported 

heterogeneity (for example specific lmwh drug (dalteparin, nadroparin 

or enoxaparin), lmwh dose, gestational age when drug was initiated, and 

co-interventions such as concomitant asa use).
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or recoded for the common dataset and no statistical analyses have been 

performed; these steps are outlined in the future tense.

Systematic review

Electronic search strategies were developed and tested through an iterative 

process by an experienced medical information specialist in consultation 

with the review team. The strategy was peer-reviewed prior to execution 

by an experienced information specialist using the Peer Review of Elec-

tronic Search Strategies (press) checklist.34 The following search was con-

ducted in May 2013: using the ovid platform, we searched Ovid medline™, 

Ovid medline™ In-Process & Other Non-Indexed Citations, and Embase-

Classic+Embase (strategy included as Additional file 1). We also searched 

the Cochrane Library on Wiley (including central, Cochrane Database of 

Systematic Reviews, dare, and hta). ClinicalTrials.gov and the who Inter-

national Clinical Trials Registry were searched to identify relevant in-pro-

cess and completed trials. Strategies utilized a combination of controlled 

vocabulary (such as ‘hypertension, pregnancy-induced’, ‘placental insuf-

ficiency’, ‘heparin, low-molecular-weight’) and keywords (pre-eclamp-

sia, abruption, and lmwh). Vocabulary and syntax were adjusted across 

databases. Animal studies were excluded but there were no language or 

date restrictions on any of the searches. We sought additional references 

through hand-searching the bibliographies of relevant items. Search re-

sults are summarized in a preferred reporting items for systematic reviews 

and meta-analyses (prisma) diagram (figure i) and details of potentially 

eligible trials are provided in table ii and iii.

ipdma has been proposed as an advantageous methodological approach 

when subgroup analyses are hypothesized to be clinically relevant. Ana-

lyzing original data from individual patients makes use of a much richer 

dataset and has greater statistical power than conventional meta-analy-

sis.31/32 Furthermore, for this project, ipdma will allow for adjustment for 

covariates that are known to be important in the recurrence of placen-

ta-mediated pregnancy complications. Such an analysis will also enable us 

to explore clinical, methodological, and statistical heterogeneity more ro-

bustly. ipdma is an attractive method to answer our study questions since 

it ‘dramatically and consistently’ has more power to detect interactions 

between risk groups.33

Methods/Design

Research questions

The primary research question is: Which women with previous placen-

ta-mediated pregnancy complications have a reduction in the risk of fu-

ture complications when treated with lmwh during pregnancy? Secondary 

research questions are: Which of the placenta-mediated pregnancy com-

plications are avoided? Are severe and/or early onset or non-severe and/

or late onset complications avoided? Does lmwh cause major bleeding in 

women with prior placenta-mediated pregnancy complications? And, are 

any other side effects increased by lmwh use in women with prior placen-

ta-mediated pregnancy complications (thrombocytopenia, osteoporotic 

fractures or allergic reactions)?

The proposed project is called affirm (An individual patient data me-

ta-analysis oF low-molecular-weight heparin For prevention of placen-

ta-medIated pRegnancy coMplications), prospero registration number: 

crd42013006249. We will synthesize individual patient data from rcts of 

lmwh for the prevention of recurrent placenta-mediated pregnancy com-

plications. The overall objective of the meta-analysis is to directly inform 

clinical practice and the development of clinical practice guidelines. The 

study is coordinated by the Clinical Epidemiology Program at the Otta-

wa Hospital Research Institute. Conceptually, the research approach in-

volves four sequential phases: a systematic review, knowledge synthesis 

planning, data extraction and analysis, and interpretation of results and 

knowledge translation. The first two phases have been completed and are 

therefore described below in the past tense. No data have been extracted 
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table ii - Potentially eligible published trials identified by affirm’s systematic review.

asa, aspirin; ga, gestational age; hellp, hellp syndrome (hemolysis, elevated liver enzymes, low

platelet count); ipdma, individual patient data meta-analysis; iugr, intrauterine growth restric-

tion; pe, pre-eclampsia; sb, stillbirth; sga, small-for-gestational age. Trial titles: spin = Scottish 

Pregnancy Intervention Study. Hepasa = Low Molecular Weight Heparin and Aspirin in the Treat-

ment of Recurrent Pregnancy Loss. alife = Anticoagulants for Living Fetuses. habenox = Low Mo-

lecular Weight Heparin and/or Aspirin in Prevention of Habitual Abortion. ethig ii = Effectiveness 

of Dalteparin Therapy as Intervention in Recurrent Pregnancy Loss *final results in preparation 

for publication.

figure i - prisma flow diagram of affirm’s systematic review.

ipd, individual patient data; ipdma, individual patient data meta-analysis; prisma, preferred re-

porting items for systematic reviews and meta-analyses.
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Inclusion criteria

rcts with an lmwh intervention for the prevention of recurrent placen-

ta-mediated pregnancy complications were eligible. The study population 

of interest included currently pregnant women with prior pregnancies 

complicated by one or more of the following: pe, placental abruption, sga 

newborn (<10th percentile), pregnancy loss after 16 weeks gestation or 

two losses after 12 weeks gestation. The principal investigators of poten-

tially eligible trials identified by the systematic review (see table i, ii and 

iii) were contacted via email to request additional information about the 

study population. Once eligibility was confirmed, investigators were invit-

ed to participate in the ipdma and attend the affirm project planning meet-

ing. The lead investigators of the largest and most recently completed tri-

als agreed to contribute individual patient data to this collaboration. Data 

from two small trials22/41 were not included because the investigators did 

not respond; in one of these trials only a small proportion of the total study 

population would have been eligible to contribute data to affirm.34 Some of 

the women in the Scottish Pregnancy Intervention Study (spin) trial would 

have been eligible for inclusion in affirm, however, the trial database does 

not include sufficient detail about the timing of previous pregnancy losses 

to determine the eligibility of individual participants.35

Knowledge synthesis planning

A crucial step in the success of the project was the development of the 

knowledge synthesis and knowledge translation plans. A full-day review 

team meeting was held in Amsterdam on 4 July 2013. The purpose was 

to allow for extensive discussion and consensus-reaching on important 

study variables and outcomes and to consider strategies for merging the 

existing datasets in a centralized database. Participants included the prin-

cipal investigators of the included rcts and statisticians with in-depth 

knowledge of the trial data. The principal investigators are all practising 

clinicians (obstetricians and hematologists) who are also knowledge users 

in this clinical area.

table iii - Potentially eligible registered trials identified by affirm’s systematic review.

asa, aspirin; ipdma, individual patient data meta-analysis; iugr, intrauterine growth restriction;

pe, pre-eclampsia; sga, small-for-gestational age. Trial names: eppi = Enoxaparin for the Preven-

tion of Preeclampsia and Intrauterine growth restriction. hepepe = Prevention of Maternal and 

Perinatal Complications by Enoxaparin in Women With Previous Severe Preeclampsia (original 

title is French). hoppe = Low Weight Heparin prOphylaxis for Placental Mediated Complications 

of PrEgnancy.
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range of normal), and platelets <100 × 109/l. Preterm delivery <34 weeks 

and <37 weeks are pre-specified outcomes. A perinatal loss is any fetal or 

neonatal death at over 20 weeks gestational age and less than or equal to 

28 days post-partum and neonatal mortality is considered any neonatal 

death after birth and less than or equal to 28 days post-partum. Birth of a 

small-for-gestational age newborn <10th percentile is determined based 

on local gender and gestational age specific birth weight charts.

Adverse maternal outcomes include thrombocytopenia, defined as a plate-

let count <75,000 × 109/l, and bleeding outcomes at various time points. 

Antepartum major bleeding is defined using the criteria proposed by the 

International Society on Thrombosis and Haemostasis (isth).36 That is, 

clinical or radiological evidence of bleeding with at least one of the follow-

ing criteria: associated with a fall in hemoglobin of 2 g/dl (1.24 mmol/l) or 

more; or a requirement for transfusion of two or more units of red blood 

cells or whole blood; or symptomatic bleeding occurring in a critical site: 

intracranial, intraspinal, intraocular, pericardial, intra-articular, intramus-

cular with compartment syndrome, or retroperitoneal, or was considered 

to have contributed to maternal death. Peripartum major bleeding is hem-

orrhage occurring after the onset of labour or start of surgical delivery and 

within 24 hours postpartum that meets at least one of the following: ne-

cessitating a surgical procedure, or associated with a fall in hemoglobin 

of 4 g/dl (2.48 mmol/l) or more, or a requirement for transfusion of two 

or more units of red blood cells or whole blood, or estimated peripartum 

blood loss >1000 ml, or considered to have contributed to maternal death. 

Peripartum minor bleeding is hemorrhage occurring after the onset of la-

bour or start of surgical delivery and within 24 hours postpartum that does 

not meet any criterion above and with estimated peripartum blood loss 

between 500 and 1000 ml. Postpartum major bleeding is clinical or radio-

logical evidence of bleeding occurring between 24 hours and 6 weeks post-

partum and meeting at least one of the following isth criteria: associated 

with a fall in hemoglobin of 2 g/dl (1.24 mmol/l) or more, or a requirement 

for transfusion of two or more units of red blood cells or whole blood, or 

symptomatic bleeding occurring in a critical site: intracranial, intraspinal, 

intraocular, pericardial, intra-articular, intramuscular with compartment 

syndrome, or retroperitoneal, or considered to have contributed to mater-

nal death.

An allergic reaction to lmwh is a reaction following the administration of 

lmwh that results in anaphylaxis or a rash requiring discontinuation of 

the allocated lmwh. Heparin-induced thrombocytopenia (hit) is defined 

Outcome measures

The detailed definitions for the ipdma outcomes were agreed upon by in-

vestigator consensus at the face-to-face meeting. The definitions and 

diagnostic criteria for each outcome variable are documented in a data 

dictionary and the research protocol. These definitions, which have been 

reviewed by all investigators, allow standardization across studies and de-

crease the potential for bias.

affirm’s primary outcome is a composite outcome including four preg-

nancy complications: early-onset or severe pre-eclampsia, birth of a 

small-for-gestational age newborn with a birth weight <5th percentile, 

placental abruption, and late pregnancy loss. To qualify as a primary out-

come event, the pregnancy complication must satisfy one or more pre-

defined criteria. Early onset pre-eclampsia is diagnosed at less than 34 

weeks’ gestation. Severe pre-eclampsia is characterized by at least one 

criterion indicative of severe disease; these are, a systolic blood pressure 

>160 mm Hg or diastolic blood pressure >110 mm Hg, proteinuria >0.5 g/24 

hours, elevated liver enzymes (more than two times the local upper range 

of normal), platelets <100 × 109/l, pulmonary edema, seizures (eclampsia), 

headache or other neurological manifestations (stroke, intracranial hem-

orrhage, cerebral edema, hyperreflexia, and visual impairment), coagu-

lopathy, oliguria (<30 ml/hr) or hellp syndrome (hemolysis, elevated liver 

enzymes, low platelet count). Birth of a small-for-gestational age newborn 

with a birth weight <5th percentile is determined using local gender and 

gestational age specific birth weight charts. The placental abruption out-

come requires a clinical diagnosis of placental abruption leading to de-

livery. A late pregnancy loss occurs at or after 20 weeks of gestation and 

cannot be explained by other factors, including fetal chromosomal abnor-

malities, maternal infection, cervical insufficiency or incompetence, or an 

intentional termination of the pregnancy.

Nineteen secondary outcomes have been defined for affirm, including the 

four individual components of the primary outcome: severe or early-on-

set pre-eclampsia, birth of a small-for-gestational age newborn <5th per-

centile, placental abruption and late pregnancy loss, all as outlined above. 

Pre-eclampsia (non-severe) is characterized by a systolic blood pressure 

>140 mm Hg or diastolic blood pressure >90 mm Hg and proteinuria >0.3 

g/24 hours. A diagnosis of hellp syndrome required 3 criteria, hemolysis 

[lactate dehydrogenase (ldh) >600 iu/l or serum bilirubin >1.2 mg/dl] an 

abnormal elevation of liver enzymes (more than two times the local upper 
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ing the findings of the individual published studies, to validate the central-

ized database and data importation. Once the ipdma team is satisfied with 

the merged dataset, the database will be locked and the planned analyses 

for the ipdma synthesis will be conducted.

The individual patient data will be analyzed in a similar manner to an rct, 

however, the analysis will account for clustering at the study level. The 

primary analysis will include all women who are eligible for affirm and 

will examine the risk of the primary composite outcome in the treatment 

(lmwh) and control arms based on intention-to-treat. Secondary univari-

ate analyses will be done for each of the pregnancy complications included 

in the composite outcome. On-treatment sensitivity analyses will be con-

ducted for the primary and secondary outcomes.

Subgroup analyses

We have planned several subgroup analyses; these were selected because 

they are clinically plausible and there is evidence that they may be rele-

vant. If certain subgroups are found to be small (≤5 subjects) we will merge 

subgroups as appropriate.

Women will be analyzed in subgroups according to the previous pregnancy 

complications that were experienced. Prior pre-eclampsia subgroups are 

any pre-eclampsia, severe pre-eclampsia, early-onset pre-eclampsia, and 

severe or early onset pre-eclampsia. Subgroups according to prior sga are 

sga <10th percentile, sga <5th percentile, sga <3rd percentile, prior pre-ec-

lampsia and sga <10th percentile, prior pre-eclampsia and sga <5th per-

centile, prior pre-eclampsia and sga <3rd percentile. Subgroups of wom-

en with prior placental abruption are any placental abruption, placental 

abruption leading to delivery <37 weeks’ gestation, placental abruption 

leading to delivery <34 weeks’ gestation, and placental abruption with 

pre-eclampsia. Participants will be grouped for analysis according to the 

gestational age of prior pregnancy loss: >12 weeks’ gestation, >16 weeks’ 

gestation, and >20 weeks’ gestation. Demographic subgroups are accord-

ing to maternal age (<35 years or ≥35 years) and ethnic group (Caucasian, 

Black, Asian or other).

Women will be grouped according to personal characteristics and risk fac-

tors. For thrombophilia the subgroups are women with weak thrombophil-

ia (Factor V Leiden [fvl] or prothrombin gene mutation [pgm]); moderate 

thrombophilia (protein C deficiency, protein S deficiency); strong throm-

bophilia (antithrombin deficiency, antiphospholipid antibodies, combined 

as a clinical diagnosis of hit and a minimum of a positive pf4 hit elisa 

assay. The venous thromboembolism outcome includes deep vein throm-

bosis (dvt) and/or pulmonary embolism. The criteria for diagnosis of dvt 

are venography demonstrating a constant intraluminal filling defect in the 

deep veins above the trifurcation of the popliteal vein or compression ul-

trasound revealing a non-compressibility of a venous segment above the 

trifurcation of the popliteal vein. Diagnosis of distal, below the knee dvt, 

is by either venography or compression ultrasound. Diagnostic criteria for 

pulmonary embolism are pulmonary angiography demonstrating a con-

stant intraluminal filling defect or a cutoff of a vessel more than 2.5 mm in 

diameter, or ventilation/perfusion (v/q scan) indicating high-probability, or 

pulmonary embolism found at autopsy.

Extraction and recoding of individual patient data

The definitions for each variable to be included in affirm’s common data-

set are documented in a data dictionary to allow standardization across 

studies and decrease the potential for misclassification and bias. A tem-

plate for the common dataset has been developed in Microsoft Excel and 

will be provided to the principal investigator of each included trial. Recod-

ed anonymized individual patient data from each of the trials will popu-

late the Excel template. The recoded datasets for each of the individual 

trials will be saved on an IronKey™ usb flash drive and sent by courier to 

the coordinating center in Ottawa.

The affirm common dataset will include individual patient data in 10 

pre-defined categories: administrative and demographic data, thrombo-

philia, maternal medical history, pregnancy history, current pregnancy and 

delivery, infant data, pre-eclampsia outcome, other outcome events, inter-

vention and treatment during pregnancy, and adverse events.

Data synthesis, validation and analysis

Once the individual participant data from the primary studies have been 

merged in the common dataset, descriptive analyses will be conducted to 

identify data outliers, missing data, and unexpected inconsistencies. The 

project coordinator will prepare data clarification reports and will commu-

nicate with the principal investigators or their delegates to resolve these 

queries. Next, we plan to conduct preliminary analyses aimed at replicat-
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ogy, obstetrics, and family medicine will be targeted. In addition, patient 

advocacy and education groups (such as the Pre-eclampsia Foundation, 

the North American Thrombosis Forum, and Thrombosis Canada) will be 

provided with the results in a language and format suitable to a non-med-

ical audience.

Discussion

This ipdma will permit the investigators to explore which women within 

the heterogeneous group of patients with placenta-mediated complica-

tions benefit and which women do not benefit from low-molecular-weight 

heparin injections throughout pregnancy.

Ethics, privacy and security

The subjects in each of the rcts all provided informed consent to partic-

ipate in the original trial. We will not be seeking individual consent for 

the secondary use of the data for the following reasons: the objectives 

of the ipdma are consistent with the original trials, there are no risks or 

benefits associated with this analysis, no identifying information will be 

transferred, and it would be logistically time consuming and, in some cas-

es, impossible to contact the women who participated. In order to ensure 

patient confidentiality any identifying information will be removed from 

the original dataset before it is transferred. The IronKey™ flash drive in-

cludes numerous security features including hardware-based encryption, 

a random password generator, two-factor authentication, and a self-de-

struct mechanism which make it extremely unlikely that the dataset can 

be accessed by anyone other than the intended recipient. Once the data 

are merged in Ottawa in the common database, they will be stored on the 

research institute’s network which has multiple security features and reg-

ular backup procedures in place.

Limitations and challenges

One relevant potential drawback of ipdma is biased pooling of data. Bias 

can be introduced when eligible studies are missed, when authors do not 

provide their data for the analysis, when the outcomes are different across 

thrombophilia ≥1 type, homozygous fvl or pgm); or no thrombophilia. Par-

ticipants will be grouped according to personal history of venous thrombo-

embolism (vte), family history of vte, and no vte history

Quality assessment will be conducted for all eligible studies using the tool 

for assessing risk of bias from the Cochrane Handbook for reviews of in-

terventions42 and reported on a study level. These assessments will also 

be used to inform subgroup analyses and sensitivity analyses to explore 

whether these biases may have affected the ipdma analysis. We plan to 

examine the randomization integrity once the data from the original trials 

have been combined. We will endeavour to compare the original randomi-

zation lists with actual randomization to test the integrity of the allocation 

concealment. We will also compare the baseline characteristics of partici-

pants who have been randomized to the lmwh and no lmwh groups at the 

study level and aggregate level to see if there are imbalances between the 

groups that may suggest a lack of integrity in randomization processes.

Knowledge translation

Once the results of the analyses are available, they will be circulated to all 

investigators and collaborators and a teleconference will be scheduled to 

discuss the findings and their interpretation. Regardless of the ipdma re-

sults, they will be disseminated. Dr Shannon Bates is the principal knowl-

edge user for this project. She will provide input throughout the project 

and will be a leader for the knowledge translation phase of the study. The 

principal investigators of the identified eligible rcts (Drs Rey, Martinelli, de 

Vries, Gris, Rodger, Middeldorp, Schleussner, and Kaaja) are all experienced 

researchers and also practicing physicians who are knowledge users. Fur-

thermore, these team members are all involved in leadership roles in their 

institutions and countries, including practice guideline development, and 

have the potential to considerably influence the international community 

of healthcare providers in a variety of settings.

The strategies for knowledge translation will rely heavily on the input 

from all involved knowledge users and will take into consideration the 

suitability of proposed media and/or approach for different practice set-

tings and international contexts. Traditional methods, such as publication 

in a peer-reviewed journal, geared towards either a generalist or specialist 

audience, will be employed. Results will also be presented at international 

meetings; it is anticipated that knowledge users (clinicians) in hematol-
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7.1 - Search Strategy.

LWMH & Placenta-Mediated Pregnancy Complications

OVID 2013 May 5

Database: Embase Classic+Embase <1947 to 2013 May 03>,

Ovid MEDLINE(R) In-Process & Other NonIndexed

Citations and Ovid MEDLINE(R) <1946 to Present>

Search Strategy:

1. exp Hypertension, Pregnancy-Induced/ (35044)

2. (pregnan* adj5 hypertensi*).tw. (20960)

3. ((gestational or maternal) adj5 hypertens*).tw. (7212)

4. PIH.tw. (3198)

5. (((high* or rais* or elevat* or heighten* or increas*) adj3 (blood pressure or

 diastolic pressure or systolic pressure or pulse pressure)) and pregnan*).tw. (4438)

6. (((high* or rais* or elevat* or heighten* or increas*) adj3 (BP or DBP or SBP))

 and pregnan*).tw. (756)

7. (eclamp* or pre-eclamp* or preeclamp*).tw. (51722)

8. (EPH adj1 (Complex* or Gestos* or Toxemi* or Toxaemi* or Syndrome*)).tw. (1163)

9. ((Edema or oedema) and Proteinuria and Hypertension and Gestosis).tw. (118)

10. ((pregnan* or gestational or gravidum or gravidarum) adj5 (toxemi* or toxaemi*)).tw. (9496)

11. HELLP.tw. (4291)

12. (Hemolysis and Elevated Liver and Lowered Platelet*).tw. (1)

13. Infant, Small for Gestational Age/ (11668)

14. ‘small for gestational age’.tw. (12359)

15. SGA.tw. (9803)

16. Fetal Growth Retardation/ (30362)

17. ((intrauterine or intra-uterine) adj2 growth restrict*).tw. (8013)

18. ((intrauterine or intra-uterine) adj2 growth retard*).tw. (12905)

19. ((fetal or foetal or fetus* or foetus*) adj2 growth restrict*).tw. (5530)

20. ((fetal or foetal or fetus* or foetus*) adj2 growth retard*).tw. (4811)

21. IUGR.tw. (8668)

22. exp Fetal Death/ or Stillbirth/ (57294)

23. (stillbirth* or stillborn*).tw. (23406)

24. ((fetal or foetal or fetus* or foetus* or prenatal* or pre-natal* or perinatal* or peri-natal* or

 antepartum or ante-partum or antenatal* or ante-natal*) adj3 (loss* or death*)).tw. (35608)

25. exp Abortion, Spontaneous/ (53089)

26. (abort* adj3 (spontaneous* or habitual* or frequen* or recur* or tubal)).tw. (26088)

27. (miscarriage* or miscarry or miscarries or miscarried or miscarrying).tw. (20236)

28. ((second trimester* or 2nd trimester* or third trimester* or 3rd trimester* or late pregnan* or

 advanced pregnan* or late intrauterine or late intra-uterine) adj3 (loss* or death*)).tw. (1044)

29. Placental Insufficiency/ (3986)

30. ((placent* or uteroplacent* or utero-placenta*) adj3 (insufficien* or incompeten* or failure*)).

 tw. (4744)

31. Abruptio Placentae/ (6398)

32. (placent* adj1 (abruptio* or ablation* or detachment* or separation* or solutio* or

 apoplexia*)).tw. (6756)

33. abruption*.tw. (3994)

34. (placent* and vascular and thrombos*).tw. (449)

35. ((‘placenta-mediated pregnancy’ or ‘placental-mediated pregnancy’) adj3 (complicat* or

 problem* or difficult* or disorder*)).tw. (49)

36. ‘Pregnancy Complications, Hematologic’/ (81830)

37. exp Placenta/de (4123)

38. or/1-37 (345669)

studies, and when outcome and covariate data are missing from included 

studies.31 Our recently completed pooled summary meta-analysis was a 

successful collaboration of five principal investigators.1 In addition to the 

team members from these five trials, the principal investigators of four 

additional trials have committed to provide data for the affirm meta-anal-

ysis. These are the largest and most robust trials completed in this area.

The multinational research team has representation from Canada, the 

Netherlands, France, Italy, Germany, and Finland. Almost all review team 

members attended the face-to-face ipdma planning meeting. To protect 

against the misclassification of outcomes, the affirm review team dis-

cussed each outcome at this meeting until consensus on detailed defini-

tions and diagnostic criteria was reached. Definitions for all variables to be 

included in the ipdma common dataset are documented in a data diction-

ary that was reviewed, revised according to team feedback, and finalized. 

Despite this, we recognize that challenges will be encountered due to var-

iability in how the variables were originally defined and collected in each 

of the nine trials. In some cases it will be necessary to consult the original 

clinical records to obtain complete information for the ipdma which will be 

a labor-intensive process. Another challenge is the diversity in language 

of the original datasets (English, French, Dutch, Italian, and German) that 

will necessitate translation when the data are recoded. Attention to detail, 

careful documentation, and excellent communication will be instrumen-

tal to the successful completion of this ipdma.
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84.  tafoxiparin.rn. (1)

85.  tedelparin*.tw. (23)

86.  tedelparin.rn. (0)

87.  or/39-86 (54271)

88.  38 and 87 (2563)

89.  exp Animals/ not (Humans/ and exp Animals/) (8585219)

90.  88 not 89 (2543)

91.  randomized controlled trial.pt. (347918)

92.  randomized controlled trials as topic/ or random allocation/ or double-blind method/ or

  singleblind method/ or placebos/ (696235)

93.  (random* or RCT$1 or placebo*).tw. (1618914)

94.  ((singl* or doubl* or trebl* or tripl*) and (mask* or blind* or dumm*)).tw. (312130)

95.  trial.ti. (267139)

96.  or/91-95 (2087101)

97.  90 and 96 (370)

98.  meta analysis.pt. (39487)

99.  exp meta-analysis as topic/ (19716)

100.  (meta-analy* or metanaly* or metaanaly* or met analy* or integrative research or

  integrative review* or integrative overview* or research integration or research overview* or

  collaborative review*).tw. (122093)

101.  (systematic review* or systematic overview* or evidence-based review* or evidence-based

 overview* or (evidence adj3 (review* or overview*)) or meta-review* or meta-overview* or

 ‘review of reviews’ or technology assessment* or HTA or HTAs).tw. (152082)

102.  exp Technology assessment, biomedical/ (20394)

103.  health technology assessment winchester england.jn. (1195)

104.  (evidence report technology assessment or evidence report technology assessment

 summary).jn.(398)

105.  ‘cochrane database of systematic reviews’.jn. (12972)

106.  or/98-105 (284631)

107.  90 and 106 (102)

108.  limit 90 to systematic reviews [Limit not valid in Embase; records were retained] (1936)

109.  97 or 107 or 108 (2026)

110.  109 use prmz (133)

111.  maternal hypertension/ (8849)

112.  (pregnan* adj5 hypertensi*).tw. (20960)

113.  (gestational adj5 hypertens*).tw. (4492)

114.  (maternal adj5 hypertens*).tw. (3166)

115.  PIH.tw. (3198)

116. (((high* or rais* or elevat* or heighten* or increas*) adj3 (blood pressure or diastolic pressure

 or systolic pressure or pulse pressure)) and pregnan*).tw. (4438)

117.  (((high* or rais* or elevat* or heighten* or increas*) adj3 (BP or DBP or SBP)) and pregnan*).tw.

  (756)

118.  exp pregnancy toxemia/ (66763)

119.  (eclamp* or pre-eclamp* or preeclamp*).tw. (51722)

120.  (EPH adj1 (Complex* or Gestos* or Toxemi* or Toxaemi* or Syndrome*)).tw. (1163)

121.  ((Edema or oedema) and Proteinuria and Hypertension and Gestosis).tw. (118)

122.  ((pregnan* or gestational* or gravidum or gravidarum) adj5 (toxemi* or toxaemi* or

 toxicos*)).tw. (10458)

123.  HELLP syndrome/ (4441)

124.  HELLP.tw. (4291)

125.  (Hemolysis and Elevated Liver and Lowered Platelet*).tw. (1)

126.  exp intrauterine growth retardation/ (37399)

127.  ‘small for gestational age’.tw. (12359)

39. exp Heparin, Low-Molecular-Weight/ (47677)

40. LMWH.tw. (8183)

41. ((low molecular weight or LMW) adj1 heparin).tw. (17403)

42. Heparin, Low-Molecular-Weight.rn. (6540)

43. (Dalteparin* or FR-860 or Fragmin or Fragmine or Kabi-2165 or ‘K 2165’ or K2165 or

 Tedelparin or low liquemin).tw. (3901)

44. dalteparin.rn. (713)

45. (Enoxaparin* or Clexan* or EMT-966 or EMT-967 or HSDB 7846 or Klexane or Lovenox or

 PK10169 or PK 10169 or ‘PK-10,169’ or RP 54563 or UNII-8NZ41MIK1O).tw. (9385)

46. enoxaparin.rn. (16124)

47. (nadroparin* or CY 216 or CY 216d or CY216 or CY216d or Fraxiparin* or LMF CY-216 or

 Nadroparin Calcium or Nadroparine or Nadrohep or Fraxodi or Seleparin* or Tedegliparin*).

 tw. (2607)

48. nadroparin.rn. (3999)

49. (tinzaparin* or Innohep or UNII-7UQ7X4Y489).tw. (1145)

50. tinzaparin.rn. (229)

51. (bemiparin* or hibor or phivor or ardeparin* or UNII-N3927D01PB).tw. (285)

52. (certoparin* or Alphaparin* or Alpha-parin* or Mono-Embolex or Monoembolex).tw. (357)

53. (Reviparin* or Clivarin* or LU 47311 or LU47311 or lomorin).tw. (492)

54. reviparin.rn. (83)

55. (parnaparin* or parvoparin* or fluxum or lohepa or lowhepa or minidalton or op 2123 or

 CB-01-05- MMX).tw. (237)

56. Parnaparin.rn. (33)

57. (semuloparin* or mulsevo or visamerin or AVE 5026 or AVE5026 or UNII-4QW4AN84NQ).tw.

 (101)

58. semuloparin.rn. (6)

59. sevuparin*.tw. (3)

60. sevuparin.rn. (0)

61. (ardeparin* or normifio or normiflo or rd heparin or wy 90493 or wy90493).tw. (199)

62. ardeparin.rn. (22)

63. (adomiparin* or ‘m 118’ or m118).tw. (153)

64. adomiparin.rn. (0)

65. (‘cy 222’ or cy222).tw. (233)

66. cy 222.rn. (168)

67. (danaproid or ‘kb 101’ or kb101 or lomoparan or lomoparin or mucoglucuronan or org 10172

 or org10172 or orgaran).tw. (1507)

68. danaproid.rn. (402)

69. deligoparin*.tw. (3)

70. deligoparin.rn. (0)

71. ((heparin adj1 dihydergot) or (dihydroergotamine adj1 heparin) or Embolex or (heparin adj1

 DHE)).tw. (458)

72. heparin-dihydergot.rn. (73)

73. idrabiotaparinux.tw. (60)

74. idrabiotaparinux.rn. (81)

75. idraparinux.tw. (287)

76. idraparinux.rn. (640)

77. livaraparin calcium.tw. (0)

78. livaraparin calcium.rn. (0)

79. minolteparin*.tw. (0)

80. minolteparin.rn. (0)

81. rd 11885.tw. (13)

82. rd 11885.rn. (0)

83.  tafoxiparin*.tw. (3)
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128.  SGA.tw. (9803)

129.  ((intrauterine or intra-uterine) adj2 growth restrict*).tw. (8013)

130.  ((intrauterine or intra-uterine) adj2 growth retard*).tw. (12905)

131.  ((fetal or foetal or fetus* or foetus*) adj2 growth restrict*).tw. (5530)

132.  ((fetal or foetal or fetus* or foetus*) adj2 growth retard*).tw. (4811)

133.  IUGR.tw. (8668)

134.  exp fetus death/ (32616)

135.  (stillbirth* or stillborn*).tw. (23406)

136.  ((fetal or foetal or fetus* or foetus* or prenatal* or pre-natal* or perinatal* or peri-natal* or

  antepartum or ante-partum or antenatal* or ante-natal*) adj3 (loss* or death*)).tw. (35608)

137.  spontaneous abortion/ (38858)

138.  (abort* adj3 (spontaneous* or habitual* or frequen* or recur* or tubal)).tw. (26088)

139.  (miscarriage* or miscarry or miscarries or miscarried or miscarrying).tw. (20236)

140.  ((second trimester* or 2nd trimester* or third trimester* or 3rd trimester* or late pregnan* or

  advanced pregnan* or late intrauterine or late intra-uterine) adj3 (loss* or death*)).tw. (1044)

141.  placenta insufficiency/ (2667)

142.  ((placent* or uteroplacenta* or utero-placenta*) adj3 (insufficien* or incompeten* or

  failure*)).tw. (4744)

143.  solutio placentae/ (4671)

144.  (placent* adj1 (abruptio* or ablation* or detachment* or separation* or solutio*)).tw. (6753)

145.  abruption*.tw. (3994)

146.  (placent* and vascular and thrombos*).tw. (449)

147.  ((‘placenta-mediated pregnancy’ or ‘placental-mediated pregnancy’) adj3 (complicat* or

  problem* or difficult* or disorder*)).tw. (49)

148.  (pregnan* and (hematolog* adj5 (complicat* or problem* or difficult* or disorder*))).tw. (392)

149.  or/111-148 (264754)

150.  exp low molecular weight heparin/ (47677)

151.  LMWH.tw. (8183)

152.  ((low molecular weight or LMW) adj1 heparin).tw. (17403)

153.  (Dalteparin* or FR-860 or FR860 or Fragmin or Fragmine or Kabi-2165 or K-2165 or K2165 or

  Tedelparin* or low liquemin).tw. (3901)

154.  (Enoxaparin* or Clexan* or EMT-966 or EMT966 or EMT-967 or EMT967 or HSDB 7846 or

  Klexane or Lovenox or PK 10169 or PK10169 or ‘PK-10,169’ or RP 54563 or

  UNII-8NZ41MIK1O).tw. (9385)

155.  679809-58-6.rn. (5397)

156.  (nadroparin* or CY 216 or CY 216d or CY216 or CY216d or Fraxiparin* or LMF CY-216 or

  Nadroparin Calcium or Nadroparine or Nadrohep or Fraxodi or Seleparin* or Tedegliparin*).

  tw. (2607)

157.  (tinzaparin* or Innohep or logiparin* or lhn1 or UNII-7UQ7X4Y489).tw. (1304)

158.  (bemiparin* or hibor or phivor or ardeparin* or UNII-N3927D01PB).tw. (285)

159.  (certoparin* or Alphaparin* or Alpha-parin* or Mono-Embolex).tw. (283)

160.  (reviparin* or clivarin* or LU47311 or ‘LU 47311’ or lomorin).tw. (492)

161.  (parnaparin* or parvoparin* or fluxum or lohepa or lowhepa or minidalton or op 2123 or

  ‘CB-01-05-MMX’).tw. (237)

162.  (semuloparin* or mulsevo or visamerin or AVE 5026 or AVE5026 or UNII-4QW4AN84NQ).tw.

  (101)

163.  sevuparin*.tw. (3)

164.  (ardeparin* or normifio or normiflo or rd heparin or ‘wy 90493’ or wy90493).tw. (199)

165.  (adomiparin* or ‘m 118’ or m118).tw. (153)

166.  antixarin*.tw. (5)

167.  (cy 222 or cy222).tw. (233)
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168.  (danaproid or ‘kb 101’ or kb101 or lomoparan or lomoparin or mucoglucuronan or

  org 10172 or org10172 or orgaran).tw. (1507)

169.  308068-55-5.rn. (0)

170.  deligoparin*.tw. (3)

171.  ((heparin adj1 dihydergot) or (dihydroergotamine adj1 heparin) or Embolex or

  (heparin adj1 DHE)).tw. (458)

172.  idrabiotaparinux.tw. (60)

173.  idraparinux.tw. (287)

174.  162610-17-5.rn. (574)

175.  livaraparin calcium.tw. (0)

176.  minolteparin*.tw. (0)

177.  rd 11885.tw. (13)

178.  tafoxiparin*.tw. (3)

179.  tedelparin*.tw. (23)

180.  or/150-179 (54093)

181.  149 and 180 (2088)

182.  exp animals/ or exp animal experimentation/ or exp models animal/ or exp animal

  experiment/ or nonhuman/ or exp vertebrate/ (36963297)

183.  exp humans/ or exp human experimentation/ or exp human experiment/ (27357123)

184.  182 not 183 (9607791)

185.  181 not 184 (2067)

186.  randomized controlled trial/ (691922)

187.  ‘randomized controlled trial (topic)’/ (29863)

188.  randomization/ (138604)

189.  double blind procedure/ (119069)

190.  single blind procedure/ (17360)

191.  placebo/ (234074)

192.  (random* or RCT$1 or placebo*).tw. (1618914)

193.  ((singl* or doubl* or trebl* or tripl*) and (mask* or blind* or dumm*)).tw. (312130)

194.  or/186-193 (1997796)

195.  185 and 194 (340)

196.  ‘systematic review’/ (59764)

197.  meta-analysis/ (110106)

198.  ‘meta analysis (topic)’/ (7056)

199.  (meta-analy* or metanaly* or metaanaly* or met analy* or integrative research or

  integrative review* or integrative overview* or research integration or research overview* or

  collaborative review*).tw. (122093)

200.  (systematic review* or systematic overview* or evidence-based review* or evidence-based

  overview* or (evidence adj3 (review* or overview*)) or meta-review* or meta-overview* or

  ‘review of reviews’ or technology assessment* or HTA or HTAs).tw. (152082)

201.  biomedical technology assessment/ (19303)

202.  (cochrane or health technology assessment or evidence report).jw. (23566)

203.  or/196-202 (321170)

204.  185 and 203 (129)

205.  195 or 204 (390)

206.  205 use emczd (317)

207.  110 or 206 (450) TOTAL HITS

208.  remove duplicates from 207 (367) TOTAL HITS AFTER DE-DUPING

209.  208 use prmz (131) UNIQUE MEDLINE HITS

210.  208 use emczd (236) UNIQUE EMBASE HITS
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Summary

Introduction: Annexin A5 is a protein with antithrombotic properties pres-

ent in vascular endothelium. It has been suggested that genetic variants in 

the anxa5 gene affect anxa5 expression, contributing to a local procoag-

ulant state. Some studies showed associations of anxa5 single nucleotide 

polymorphisms (snps) or haplotypes with pregnancy-related deep venous 

thrombosis (dvt) and myocardial infarction.

Objectives: To investigate whether common variants in the anxa5 promoter 

region are associated with dvt risk in Dutch Caucasian individuals.

Methods and Results: From the Amsterdam Case-control Thrombophilia 

(act) study, 148 patients with newly diagnosed dvt and 267 controls with-

out previous vte were included. We sequenced the promoter region of the 

anxa5 gene and reconstructed four common haplotypes, based on six snps. 

Neither individual snps nor any of the common haplotypes were associat-

ed with an increased risk for dvt. Furthermore, the four anxa5 haplotypes 

were equally distributed among dvt patients and a second independent 

control group of 1705 individuals from the general population (Nijmegen 

Biomedical Study).

Conclusions: Our data suggest that anxa5 haplotypes do not contribute to 

dvt risk in the Dutch population.

Introduction

Venous thromboembolism (vte) is a multifactorial disease with an inci-

dence of 1–2 per 1000 per year in western countries.1 Although several ge-

netic risk factors for vte such as Factor V Leiden or prothrombin g20210a 

mutation have been identified, the risk of vte is also increased in case of 

a positive family history of vte, in whom known genetic risk factors have 

been ruled out.2 This suggests that other as yet unknown genetic variants 

also predispose to vte.

Annexin A5 is a natural anticoagulant protein highly expressed by vascu-

lar endothelium and placental trophoblasts.3-5 The hypothesis of a possible 

role of Annexin A5 in the pathogenesis of thrombotic disorders originates 

from its anticoagulant, antithrombotic and anti-inflammatory properties 

observed in vitro and in animal models in vivo.6-9 In the presence of Ca2+, An-

nexin A5 binds and shields anionic phospholipids, which form the catalyt-

ic surface for coagulation reactions.10/11 Reduced Annexin A5 expression on 
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Annexin A5 levels and a decreased risk of myocardial infarction,20 is com-

pletely linked to snps comprising the m2 haplotype.28

Given the conflicting results on the association of variants within the 

anxa5 gene upstream region with clinical outcomes in previous studies, 

we aimed to evaluate whether anxa5 promoter snps and haplotypes in-

fluence the risk of dvt in the Dutch general population. For this study, we 

used a case-control study on risk factors for dvt, the Amsterdam Case-con-

trol Thrombophilia (act) study, and a second group of population controls 

(Nijmegen Biomedical Study, nbs).

Materials and methods

Study population

From the Amsterdam Case-control Thrombophilia Study (act) performed 

between September 1999 and May 2006,29 we selected 437 unrelated indi-

viduals (154 cases and 283 controls) of Caucasian origin. Both cases and 

controls were from the Amsterdam region, the western part of the Neth-

erlands. Cases were patients with newly diagnosed and objectively con-

firmed proximal dvt of the leg. Controls were patients without previous 

vte, in whom dvt was suspected but ruled out. The diagnosis of dvt was 

based on the Wells score and d-dimer plasma level algorithm, followed 

by compression ultrasonography if indicated, as described.29/30 A stand-

ardised questionnaire was used for all participants, to obtain information 

about known risk factors such as malignancy or treatment because of 

malignancy in the last 6 months; pregnancy or postpartum period; use of 

oral contraceptives or hormonal therapy; trauma within the last 60 days; 

being bedridden (for >3 days); paralysis or recent plaster immobilisation 

of the symptomatic leg; surgery within the last 4 weeks. Information was 

obtained prior to diagnosis of dvt, i.e. classification as case or control. 

Genomic dna was isolated from peripheral leukocytes and was stored at 

+4°C. The Medical Ethical Committee of the Academic Medical Center in 

Amsterdam approved the study.

The second control group consisted of individuals who had been included 

in the Nijmegen Biomedical Study (nbs), of which details were reported 

previously.31 Briefly, the nbs is a population-based survey conducted by the 

Department for Health Evidence and the Department of Laboratory Med-

icine of the Radboud university medical center. 21,756 age- and sex-strat-

ified randomly selected inhabitants of the municipality of Nijmegen in 

the surface of vascular cells and subsequently inefficient shielding of ani-

onic phospholipids could contribute to the activation of blood coagulation 

and the creation of a prothrombotic environment within the blood vessel.

In the antiphospholipid syndrome, for example, a reduction of Annexin A5 

at the vascular wall is thought to be one of the several explanations for the 

occurrence of both arterial and venous thrombosis.12-14 Reduced binding of 

Annexin A5 to cardiolipin observed in patients with confirmed idiopathic 

venous thrombosis, supports the role of Annexin A5 in thrombosis.15 In 

patients with systemic lupus erythematosus, reduced binding of Annexin 

A5 to endothelium has also been proposed as a mechanism underlying 

atherothrombosis.16 In addition, Annexin A5 down-regulates expression of 

the procoagulant tissue factor, which is a key player in vte.9/17/18 Further-

more, Annexin A5 is known to be an effective inhibitor of experimentally 

induced venous and arterial thrombosis in animal models.8/19

If genetic variants within the anxa5 gene affect Annexin A5 expression 

on cell surfaces, these could also influence the risk of clinical outcomes 

such as arterial or venous thrombosis. Several studies have been per-

formed to assess this. A genetic variant located in the Kozak sequence 

(g.-1c>t, rs1131239) of the anxa5 gene was associated with higher plasma 

Annexin A5 levels.20 This minor rs1131239t-allele was associated with a 

decreased risk of myocardial infarction in young patients20 and a lower risk 

of developing a new coronary event during 36 months follow-up.21 Other 

studies, however, were unable to reproduce these findings.22/23 In the study 

that showed a decreased risk of myocardial infarction, venous thrombot-

ic risk was also investigated but no significant association between the 

minor rs1131239t-allele and deep venous thrombosis (dvt) was found (or 

for dvt 0.76, 95% ci 0.47 – 1.22).20 Similarly, in a Dutch population of 198 

patients with autoimmune diseases, no association with venous or arterial 

thrombosis was found.24 A haplotype comprising four anxa5 promoter sin-

gle nucleotide polymorphisms (snps) (rs112782763, rs28717001, rs28651243, 

rs113588187), collectively referred to as the m2 haplotype, reduces anxa5 

promoter activity in a promoter construct assay in vitro,25 which could be 

translated to an increased dvt risk. Indeed, the presence of the m2 allele 

was found to be a risk factor for dvt in pregnancy or the postpartum peri-

od,26 as well as in the general Southern Italian population.27

In a previous study, we described four common anxa5 haplotypes (h1, h2, 

h3 and h4).28 Of these, the haplotype h3 is an extension of the previous-

ly described m2 haplotype that reduces anxa5 promoter activity in vitro25 

as well as correlates with lower plasma Annexin A5 levels.28 Interestingly, 

the minor rs1131239t-allele, which was associated with increased plasma 
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To reconstruct the four known anxa5 haplotypes in the nbs controls, we 

used three haplotype-tagging snps (rs62319820, rs113588187, rs1131239) 

and snp rs1050606, of which the major t-allele is specific for haplotype h1. 

Haplotypes were assigned manually to all individuals.

Statistical analysis

Hardy-Weinberg equilibrium for each snp was tested using the c2 test. Hap-

loview software was used to estimate the degree of linkage disequilibrium 

(ld; r2 values) between all snp pairs and to determine haplotypes (h).33

The association of anxa5 snps and haplotypes with dvt risk was examined 

using the c2 test. Odds ratios (ors) with 95% confidence intervals (ci) were 

calculated as an estimate of the relative risk indicating the risk for dvt in 

a category of exposure (e.g., haplotype hx carriers) relative to the reference 

category (e.g., non-haplotype hx). ors for dvt adjusted for age, sex, and 

presence of provoking risk factors were calculated using logistic regres-

sion. Statistical analyses were performed using spss version 20.0 software. 

Two-sided probability values of <0.05 were considered statistically signif-

icant.

Results

Clinical characteristics of dvt patients and controls from the act study

In total, 148 dvt patients and 267 controls were included in the analyses, 

as sequencing of the anxa5 promoter was not successful in 6 patients and 

16 controls. The characteristics of the study participants are presented in 

table i. The mean age was comparable between both groups, and patients 

were more often male than controls (p = 0.046). Body mass index was sim-

ilar in cases and controls (26.0 and 27.2 kg/m2 respectively). Thirty dvt pa-

tients (20.3%) had a prior history of vte. In 77 patients (52%), risk factors for 

dvt were identified. fvl was found in 23.1% of cases and in 5.8% of controls 

and the prothrombin g20210a mutation – in 4.1% cases and 2.9% controls.

the eastern part of the Netherlands, received an invitation to fill out a 

postal questionnaire on, e.g., lifestyle and medical history, and to donate 

blood samples. The response to the questionnaire was 43% (n = 9350). 69% 

(n = 6468) of the responders donated blood samples. Of the 1819 cancer 

free nbs participants who served as controls in a genome-wide association 

study,32 we selected for this study 1705 controls of self-reported European 

descent who reported not to have had dvt or pulmonary embolism.

Written informed consent was obtained from all act and nbs participants.

Genetic analysis

In the act subjects, a 496-bp fragment of the anxa5 promoter (261 base 

pairs upstream and 235 base pairs downstream of the first transcription 

start point) was amplified by polymerase chain reaction (pcr) using two oli-

gonucleotide primers: forward 5’-ccgagccctggacagctcccca-3’ and reverse 

5’-gccccgcgaccacgctctcctct-3’.25 pcr reactions were carried out in a final 

volume of 25 ml reaction mixture containing 2.5 ml 10x pcr Buffer (Qiagen), 

5% dmso (v/v), 1 m Betaine, 0.4 mm of each primer (forward and reverse), 

0.08 mm of each deoxynucleotide triphosphate, 100-150 ng genomic dna 

and 1.25 U Taq dna polymerase (Qiagen). Cycling conditions were: an in-

itial denaturation step at 95°C for 3 minutes followed by denaturation at 

95°C for 1 minute, annealing at 62°C for 1 minute and elongation at 72°C 

for 1 minute (30 cycles in total). pcrs were performed in a t3 Thermal Cy-

cler (Biometra, Germany). Sequence analysis was performed by direct se-

quencing using the Big Dye Terminator abi Prism Kit, version 1.1 (Applied 

Biosystems, Foster City, ca). Products of sequence reactions were analysed 

on a Genetic Analyzer 3730 (Applied Biosystems, Foster City, ca). Sequenc-

ing chromatograms were examined by the use of the Sequencer package 

(GeneCodes Co, Ann Arbor, mi).

nbs controls were genotyped using the Illumina HumanHapcnv370-Duo 

BeadChip as described.32 For this study, we extracted 4 snps in anxa5 

(rs62319820, rs113588187, rs1050606 and rs1131239) from genome-wide 

imputed snp data using the ‘Genome of the Netherlands’ (gonl) data as 

reference.

In the act participants, haplotypes were constructed using six promoter snps 

(rs62319820, rs112782763, rs28717001, rs28651243, rs113588187, rs1050606). 

As the minor rs1131239t-allele is completely linked to rs112782763 and 

rs113588187, haplotypes were equal to previously described elsewhere.28 
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table ii - anxa5 polymorphisms, rs numbers and allele frequencies in patients and controls. 

Nucleotide numbering from the atg initiation codon; snp, single nucleotide polymorphism;

dbsnp indicates ncbi database for snps (www.ncbi.nlm.nih.gov/snp); Risk alleles in bold and un-

derlined; n.a., not applicable.

Haploview analysis revealed a high degree of linkage disequilibrium be-

tween all snps except for snp1 and snp6. snp2 and snp5 as well as snp3 

and snp4 were completely linked (r2 = 1) (figure i). Only four common hap-

lotypes (frequency >1%) were present, which was similar to our previous 

study in a different Dutch population.28

     figure i - haploview Link-

     age Disequilibrium plot of the 

     six snps within the anxa5 pro- 

     moter in the act study.

    The ld coefficients r2 (x100) be- 

    tween all snp pairs are shown  

    in squares. The darker the gray 

    colour is, the higher the degree 

    of ld. The black colour (r2 = 1) in- 

    dicates complete linkage.

table i - Characteristics of the study population.

Continuous variables are presented as mean (standard deviation), categorical data as count (%).

vte, venous thromboembolism; n.a., not applicable. † malignancy or treatment because of ma-

lignancy in the last 6 months; pregnancy or postpartum period; use of oral contraceptives or 

hormonal therapy; trauma within the last 60 days; being bedridden (for >3 days); paralysis or 

recent plaster immobilisation of the symptomatic leg; surgery within the last 4 weeks. *Data 

from 147 cases and 242 act controls (including 1 homozygous case and 1 homozygous control) 

and 1678 nbs controls (including 1 homozygous). ¥ Data from 147 cases and 241 act controls 

(including 1 homozygous control) and 1676 nbs controls.

anxa5 snps and haplotypes in the act study

Sequencing of the anxa5 promoter showed the presence of six com-

mon polymorphisms (table ii), i.e. snp1 (rs62319820, g.-628c>t), snp2 

(rs112782763, g.-467g>a), snp3 (rs28717001, g.-448a>c), snp4 (rs28651243, g.-

422t>c), snp5 (rs113588187, g.-373g>a) and snp6 (rs1050606, g.-302t>g) that 

have previously been reported.25/28/34 We also identified three rare variants. 

snp7 (g.-622g>c) located six nucleotides downstream of snp1 was found 

in three controls and one patient in a heterozygous form as well as in 

one patient in a homozygous form (maf in controls: 0.006; maf in patients: 

0.01). snp8 (g.-585g>a) and snp9 (g.-506g>a) upstream of snp2 were present 

in two controls in a heterozygous form (maf: 0.004). These rare polymor-

phisms were excluded from further analyses.

The genotype frequencies of the common anxa5 snps were in Hardy-Wein-

berg equilibrium both in dvt patients and in controls (table si). We exam-

ined an association between separate snps and dvt risk (table sii). None of 

the six polymorphisms was significantly associated with dvt.
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table iii - Association of anxa5 haplotypes with dvt.

All haplotypes but the one given (e.g. non-h1, non-h2, non-h3 or non-h4) were used as the ref-

erence category (or = 1). dvt, deep venous thrombosis. *One person carrying the rare haplotype 

was excluded from analysis.

table iii shows the association between anxa5 haplotypes and dvt. Carri-

ers of only major alleles for all snps (haplotypes h1, h1h1+h1hx) appeared 

to have a slightly increased risk for dvt compared to non-h1 carriers, in 

both the unadjusted model (or 1.5, 95% ci: 0.9-2.3) and after adjusting for 

age, sex and the presence of provoking risk factors (or 1.4, 95% ci: 0.9-2.2), 

but the risk estimates did not reach statistical significance. The h2, h3 and 

h4 anxa5 haplotypes were not associated with dvt. Additionally, when ho-

mozygous carriers of h1 (h1h1) were used as the reference category in-

stead of hxhx, the haplotypes h2, h3 and h4 were not associated with dvt 

(data not shown). Furthermore, we compared h3 carriers (encompassing 

the m2 haplotype, 27 cases and 59 controls) to carriers of only h1 and/or 

h2 (n/n in previous studies, 99 cases and 171 controls) and no association 

between h3 and dvt was found (or for dvt for h3 carriers 0.79, 95% ci 0.47 

– 1.33). We also examined dvt risk for men and women separately. In men, 

haplotype h2-carriers (h2h2+h2hx) appeared to have a slightly decreased 

risk of dvt compared to non-h2 carriers (or 0.6, 95% ci: 0.3-1.1). Women 

carrying haplotype h3 tended to have a reduced risk for dvt (or 0.5, 95% ci: 

0.3-1.2). Again, these estimates did not reach statistical significance. Final-

ly, we performed a subgroup analysis of 71 patients with an unprovoked 

dvt and did not detect any association between anxa5 haplotypes and dvt 

(data not shown).

anxa5 snps and haplotypes in population controls

To verify if the prevalence of anxa5 haplotypes in the selected hospital 

controls is representative of the population prevalence, we included an 

independent control group from the general population. Of the 1705 nbs 

controls, 48.9% was male and the mean age was 60.7 years (table i). The 

prevalence of fvl in nbs controls (5.4%) was similar to that in act controls 

(5.8%), whereas carriership of the prothrombin g20210a mutation was less 

prevalent in nbs controls (0.54%) compared to act controls (2.9%).

Four anxa5 snps covering the four common anxa5 haplotypes were evalu-

ated. The genotype distributions of all snps were in Hardy-Weinberg equi-

librium (table siii). The common anxa5 haplotypes were constructed in 

1704 nbs controls as one control person presented with the rare anxa5 

haplotype. Finally, all anxa5 haplotypes were similarly distributed among 

dvt patients and nbs controls (table iii) as well as among subgroups of 

men or women (data not shown).
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table sii - dvt risk for anxa5 snps in the act study.

All odds ratios (or) were calculated with major alleles-only as the reference category. (or = 1). 

dvt, deep venous thrombosis.

table si - Frequency distribution of anxa5 polymorphisms and expected frequencies ac-

cording	to	Hardy-Weinberg	Equilibrium	in	the	act study (dvt patients (n = 148) and controls 

(n = 267)).

† Expected frequencies of all anxa5 snps were not statistically different from observed frequen-

cies (p-value >0.05), both in controls and in cases.
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erence category, data regarding the relevance of plasma Annexin A5 levels 

in dvt patients are lacking. Nevertheless, this differentiation of haplotypes 

within the non-m2 control group could be of clinical importance. For ex-

ample in other disease states, such as in recurrent pregnancy loss, plasma 

Annexin A5 levels are known to be related to clinical features.35 Hence, this 

requires further investigation.

Second, one of the previous studies reporting an association of the anxa5 

m2 haplotype with vte was limited to pregnant women and to women in 

the postpartum period.26 As only 4 of our patients had a dvt related to 

pregnancy, we could not investigate a possible association between anxa5 

h3 and pregnancy-related thrombotic complications.

Third, the discrepancy with the results of the Italian studies may be ex-

plained by the differences in haplotype frequencies in the controls. We 

found a higher percentage of controls carrying anxa5 haplotype h3 than 

reported (as the m2 haplotype) in the two Italian studies (22.1% in act con-

trols and 20.7% in nbs controls versus 14.4% and 16.6% in controls in the 

Italian studies).26/27 In our previous report, we showed a similar percent-

age of h3 carriers (21.4%) among healthy controls.28 A higher percentage 

of healthy control subjects carrying the rs1131239t-allele (23.1%) was also 

found in the Spanish study.20 As the frequency of snps varies for different 

ethnic groups, our study population was limited to Caucasian individuals.

It is possible that the lack of association we observed is due to a relatively 

small sample size of the act study. However, considering the genotype fre-

quency of the h3 haplotype among controls of 22%, the study was powered 

to detect an or of 2.0 or more for dvt (~85%, α = 0.05). Furthermore, with the 

use of a large cohort of nbs controls, the study was powered (~80%, α = 0.05) 

to detect an or of a clinically relevant 1.7 for the h3 haplotype (genotype 

frequency of 20.6%).

We are aware that with the current study design, we cannot rule out the 

possibility that other genetic variants in regulatory regions of the anxa5 

gene or other genes may be associated with dvt. This study, however, ad-

dressed the conflicting results in the literature and therefore analyses 

were restricted to the common anxa5 variants in light of the common dis-

ease – common variant hypothesis. In the search for new candidate genes 

that may be a risk factor for dvt, other strategies may be considered to 

be more suitable, thereby studying rare variants as opposed to common 

polymorphisms. In this respect, a next-generation dna sequencing plat-

form was applied for sequencing of the coding regions of 186 haemostatic/

proinflammatory genes, including the anxa5 gene, in Italian patients with 

idiopathic dvt.36 Interestingly, the intronic anxa5 polymorphism rs2306416 

table siii - Frequency distribution of anxa5 snps and expected frequencies according to

Hardy-Weinberg	Equilibrium	in	nbs controls (n = 1705).

Discussion

In this study, neither individual snps nor any of the four haplotypes within 

the anxa5 gene upstream region (including the h3 haplotype which is an 

extension of the m2 haplotype) were associated with an increased risk of 

dvt.

How do our findings relate to previous studies? First, there is a discrep-

ancy in calling of haplotypes. Previous studies reported the m2 haplotype 

(comprising snps 2, 3, 4 and 5). We previously reported 4 other haplotypes 

(h1, h2, h3 and h4), of which h3 is an extension of the m2 haplotype (ad-

ditionally including snp6 and snp7, rs1131239 g.-1c>t).28 The studies that 

found an association between anxa5 haplotypes and dvt compared m2 

carriers to non-m2 carriers.26/27 According to the results of our previous and 

the current studies, the non-m2 carriers include haplotypes h1 and h2.28 

We found no association between haplotype h3 (the extension of the m2 

haplotype) and dvt, neither when comparing h3 carriers to non-h3 carri-

ers, nor when comparing h3-carriers to only h1 and/or h2 carriers (n/n in 

previous studies). It should be noted that the haplotypes h1 and h2 were 

associated with different Annexin A5 plasma levels in healthy controls.28 

Although this suggests that h1 and h2 should not be combined as one ref-
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(g.a>g), which is located 57bp downstream from the atg codon, belonged 

to the top-5 variants selected for replication but failed to show any associ-

ation with dvt after replication. Other anxa5 variants located in exons and 

exon-intron boundaries were not associated with dvt in an initial stage. 

This suggests that even with a different study design, investigating the 

coding regions of anxa5 besides the anxa5 promoter, no association be-

tween anxa5 snps and thrombosis risk will be found.

Despite the lack of association between anxa5 genetic variants and dvt, 

previous studies have shown that anxa5 genetic variants may play a role 

in the occurrence of obstetric complications such as miscarriage and in-

tra-uterine growth restriction.25/34/37 Furthermore, placental Annexin A5 

binding was shown to be critical for maintaining murine placental integ-

rity38 and in humans, reduced plasma Annexin A5 levels were associat-

ed with recurrent pregnancy loss.35 These associations require further re-

search.

In conclusion, we could not demonstrate a meaningful association be-

tween anxa5 genetic variants and dvt in the Dutch population.

Addendum

The Amsterdam Case-control Thrombophilia Study was performed be-

tween September 1999 and May 2006 and dna samples and clinical data of 

participants are stored at the Academic Medical Center, Amsterdam.
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Abstract

Introduction: Annexin A5 is an anticoagulant protein, present on the apical 

membrane of syncytiotrophoblasts, where it is assumed to regulate coagu-

lation at the maternal-fetal interface and play a role in maintaining preg-

nancy. Studies have suggested that anxa5 gene variants, via altered anxa5 

mrna expression and Annexin A5 protein levels, are associated with preg-

nancy complications such as pre-eclampsia.

Objectives: To investigate whether single nucleotide polymorphisms (snps) 

in the maternal or fetal promoter of anxa5 affect mrna expression in the 

placenta or are associated with pre-eclampsia.

Methods and Results: Maternal dna, dna isolated from umbilical cord blood 

and placental rna samples were collected from 34 pre-eclamptic pregnan-

cies and 146 normotensive pregnancies. The promoter region of anxa5 was 

sequenced and based on six snps six common haplotypes were construct-

ed. Placental rna was isolated and reverse transcription quantitative pol-

ymerase chain reaction (rt-qpcr) was performed. Neither individual snpS 

nor any of the common haplotypes were associated with an increased 

risk of pre-eclampsia. The t-allele of rs62319820 (c.-390 c>t) in the neona-

tal promoter was associated with increased mrna expression, but anxa5 

mrna expression levels were not associated with pre-eclampsia risk.

Conclusions: In our study, maternal or fetal anxa5 promoter variants were 

not associated with pre-eclampsia. Furthermore, placental anxa5 mrna 

expression was not associated with pre-eclampsia.

Introduction

Annexin A5 is a protein with anticoagulant properties.1-3 Through calci-

um-dependent binding with negatively charged phospholipids, Annexin 

A5 forms a two-dimensional shield, preventing coagulation reactions at 

the phospholipid surface.1 This function is illustrated by the fact that in 

the antiphospholipid syndrome, antiphospholipid antibodies appear to 

disrupt this Annexin A5 shield thereby increasing coagulation.4/5 In hu-

mans, the Annexin A5 shield is present on the microvillar surface of the 

syncytiotrophoblast layer, where it is thought to play a role in maintaining 

fluidity at the maternal-fetal interface.6 In mice, Annexin A5 is crucial for 

placental integrity and deficiency results in growth restriction and fetal 

loss.7/8 If dislocation of Annexin A5 by antiphospholipid antibodies plays 
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a role in pregnancy complications in antiphospholipid syndrome, an en-

dogenously reduced level of Annexin A5 may also predispose to adverse 

pregnancy outcome in the absence of antiphospholipid antibodies. Genet-

ic variants in anxa5 are hypothesized to affect clinical outcomes such as 

deep venous thrombosis and pregnancy complications via altered anxa5 

gene expression and Annexin A5 protein levels.9/10

With an incidence ranging between 1 to 7% in nulliparous women, pre-ec-

lampsia is a severe complication of pregnancy.11-13 Pre-eclampsia is charac-

terized by high blood pressure and proteinuria in the second half of preg-

nancy that significantly contribute to maternal and fetal morbidity and 

mortality. Impaired placental development and vascularization contribute 

to endothelial dysfunction and a state of systemic inflammation, which 

leads to kidney- and liver dysfunction, and if left untreated, to multi-or-

gan failure and death. As a multi-causal disorder, both environmental and 

genetic determinants play a role in the etiology of pre-eclampsia.14/15 In 

recent years, variants in anxa5 have been proposed as such genetic deter-

minants of pre-eclampsia.16/17

A haplotype consisting of 4 single nucleotide polymorphisms (snps) in the 

promoter of anxa5 (m2 haplotype) was more prevalent in women with hy-

pertensive disorders in pregnancy (n = 158), including women with pre-ec-

lampsia, when compared to women with at least one uneventful pregnan-

cy (n = 195) (29% versus 15%, odds ratio (or) 2.1, 95% confidence interval (ci) 

1.2 – 3.5).17 However, another study compared the frequency of this haplo-

type in maternal blood of 54 women with a history of pre-eclampsia to 71 

normotensive controls and found no association with pre-eclampsia (13% 

versus 11%; or 1.17, 95% ci 0.38 – 3.56).16 In samples of pre-eclampsia pla-

centas, that reflect the fetal genotype (n = 47), the m2 haplotype appeared 

to be more frequent when compared to samples of normotensive controls 

(n = 50) (26% versus 10%, or for pre-eclampsia 3.09, 95% ci 0.99 – 9.58).16

We aimed to investigate whether the maternal or neonatal anxa5 promot-

er haplotype is associated with placental anxa5 mrna expression or the 

manifestation of pre-eclampsia during pregnancy.
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Methods

Patients

Of 287 women who gave birth in the Academic Medical Center in Amster-

dam between December 2005 and December 2009, maternal blood, umbil-

ical cord blood of their newborns, and placental samples were collected. 

The Academic Medical Center is a tertiary center, but also serves as post-

al-code-referral hospital. Pre-eclampsia was defined according to criteria 

of the National Heart, Lung and Blood Institute Working Group, as the de 

novo appearance of hypertension (systolic blood pressure of ≥140 mm hg 

or diastolic blood pressure of ≥90 mm hg), accompanied by new-onset 

proteinuria, defined as ≥300 mg per 24 hours.18 Co-diagnosis of hellp syn-

drome (syndrome of hemolysis, elevated liver enzymes and low platelets) 

was recorded. Informed consent was obtained from each woman and the 

study was approved by the ethical review board.

Sample collection, rt-qpcr and snp analysis

Maternal blood, umbilical cord blood and placenta tissue used are from the 

Preeclampsia And Non-preeclampsia Database (panda) project approved 

by the institutional review board of the Academic Medical center.

Blood was collected in edta tubes and processed by the Gentra Autopure 

ls98tm system (Gentra Systems). Placenta samples were collected in rna 

later (Ambion) and stored at -800C until further use. Collection of placen-

tal samples, rna extraction and reverse transcription quantitative poly-

merase chain reaction (rt-qpcr) were performed as described previously.19 

anxa5-specific primers were designed using the Roche Universal ProbeLi-

brary Assay Design Center: 5’-ggctttatgatgcttatgaactg-3’ and 5’-ttcag-

gtgtccttgaagca-3’, probe upl#24.

A 496-bp fragment covering part of the anxa5 promoter and exon1 with 

the polymorphisms of interest was amplified by polymerase chain reac-

tion (pcr) using two oligonucleotide primers: forward 5’-ccgagccctgga-

cagctcccca-3’ and reverse 5’-gccccgcgaccacgctctcctct-3’.10 pcr reactions 

were carried out in a final volume of 25 ml reaction mixture containing 2.5 

ml 10x pcr Buffer (Qiagen), 5% dmso (v/v), 1 m betaine, 0.4 mm of each primer, 

0.08 mm of each deoxynucleotide triphosphate, 100-150 ng genomic dna 

isolated either from maternal or umbilical cord blood and 1.25 u Taq dna 
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polymerase (Qiagen). Cycling conditions were: an initial denaturation step 

at 95°C for 3 minutes followed by denaturation at 95°C for 1 minute, an-

nealing at 62°C for 1 minute and elongation at 72°C for 1 minute (30 cycles 

in total). pcrs were performed in a t3 Thermal Cycler (Biometra, Germany). 

Sequence analysis was performed by direct sequencing using the Big Dye 

Terminator abi Prism Kit, version 1.1 (Applied Biosystems, Foster City, ca). 

Products of sequence reactions were analysed on a Genetic Analyzer 3730 

(Applied Biosystems, Foster City, ca). Sequencing chromatograms were ex-

amined by the use of the Sequencer package (GeneCodes Co, Ann Arbor, 

mi).

Statistical analyses

The association of maternal and neonatal snps and haplotypes with mrna 

expression and pre-eclampsia was examined using linear and logistic re-

gression models, respectively. For individual snp analyses we also explored 

the association between combinations of maternal and neonatal alleles. 

For the mrna expression analyses, diagnosis of hellp syndrome, corticos-

teroid administration and gestational age at delivery were included as co-

variates.

Haplotype frequencies and effects on pre-eclampsia and mrna expression 

were estimated using the ‘haplo.stats’ package.20 For the haplotypes, we 

assumed an additive effect. Risk alleles were defined as those different 

from alleles that constitute the most common haplotype.

Odds ratios (ors) with 95% confidence intervals (ci) were calculated as an 

estimate of the relative risk for pre-eclampsia for each snp or haplotype 

relative to the reference category (i.e. non-risk alleles for snps and the hap-

lotype consisting of all non-risk alleles for haplotypes). Two-sided proba-

bility values of <0.05 were considered statistically significant. Individual 

snp analyses were corrected for the number of independent tests based 

on linkage disequilibrium patterns, with a Bonferroni corrected p-value of 

0.05/4, based on 4 independent snps.

Statistical analyses were performed using the R statistical package version 

3.1.1 (r Foundation for Statistical Computing, Vienna, Austria).
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Results

Of the 287 pregnancies, we excluded multiple pregnancies, pregnancies 

complicated by hypertensive disorders that did not meet pre-eclampsia 

criteria, as well as those with insufficient yield or quality of either mater-

nal genomic dna, umbilical cord blood genomic dna or placental rna, or 

had incomplete coverage of all snps in the genomic pcr. A full dataset of 

34 pre-eclampsia cases and 146 normotensive controls was available for 

analysis. The characteristics of the study population and their neonates 

are listed in table i.

table i - Characteristics of the study population.

pe, pre-eclampsia; hellp, syndrome of hemolysis, elevated liver enzymes and low platelets; bp,

blood pressure; sd, standard deviation. *highest diastolic blood pressure was available for all 

pre-eclampsia cases and for 128 normotensive controls (88%).



Sequencing of the anxa5 promoter/exon1 showed the presence of six 

common polymorphisms (table ii and figure i), i.e. snp1 (rs62319820, c.-

390c>t), snp2 (rs112782763, c.-229g>a), snp3 (rs28717001, c.-210a>c), snp4 

(rs28651243, c.-184t>c), snp5 (rs113588187, g.-135g>a) and snp6 (rs1050606, 

c.-64t>g), that all have previously been reported.10/21/22 Both maternal and 

neonatal genotype frequencies of the common anxa5 snps were in Har-

dy-Weinberg equilibrium in normotensive controls (table si).

table ii - anxa5 promoter polymorphisms, risk of pre-eclampsia and association with 

placental anxa5 mrna levels.

or, odds ratio; ci, confidence interval. Bold alleles indicate risk alleles. Reported 95% cis are crude,

i.e. not corrected for multiple testing. ∞ Genotype counts are reported in table s1. *p = 0.007, com-

pared to cc-alleles. p = 0.028 after Bonferroni correction for multiple testing. ⱡ p = 0.034, compared 

to cc-alleles. p = 0.14 after Bonferroni correction for multiple testing.
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figure i - anxa5 promoter snps and haplotypes.

anxa5 snps or haplotypes and mrna expression

When considering snps independently, none of the maternal snps were 

associated with mrna expression levels (table ii). The t-allele of neona-

tal snp1 was associated with higher placental anxa5 mrna expression 

(p = 0.028 for heterozygous ct and p = 0.14 for homozygous tt carriers com-

pared to homozygous cc carriers; genotype counts are reported in table si). 

There was no interaction between maternal and neonatal snps (data not 

shown).

Haplotype analysis revealed 6 common haplotypes with a frequency above 

1%. Haplotype analyses showed no association between maternal haplo-

types and mrna expression (table iii). The cgatgg (h2) haplotype in the 

neonatal promoter was associated with decreased mrna expression (beta 

-0.92, 95% ci -1.83 – -0.011), whereas the tgccgg (h4) haplotype (the only 

haplotype including the t-allele of snp1) was associated with increased 

mrna expression (beta 1.81, 95% ci 0.50 – 3.12). When limiting the haplo-

type analyses to haplotypes containing only snp2 through snp5 no associ-

ation with mrna expression was found (table iii).



table si - anxa5 polymorphisms and risk-allele frequencies.

snp, single nucleotide polymorphism; raf, risk allele frequency; risk alleles in bold and under-

lined. Expected frequencies of all anxa5 snps were not statistically different from observed fre-

quencies (p-value >0.05), both in cases and in controls.
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table iii - Association of anxa5 promoter haplotypes with pre-eclampsia.

Bold and underlined alleles indicate risk alleles, haplotypes are compared to haplotype h1; or,

odds ratio; ci, confidence interval. n.e. not estimable; due to the low frequency of the haplotype 

in cases the odds ratio for pe cannot be calculated. *p<0.05.



anxa5 mrna expression and pre-eclampsia risk

No association between placental mrna expression and pre-eclampsia 

was found (p = 0.87, figure ii). After correction for co-diagnosis of hellp 

syndrome, corticosteroid use and gestational age at delivery, no relation 

between mrna expression and pre-eclampsia was observed (p = 0.87).

figure ii - anxa5 mrna expression in pre-eclampsia cases and normotensive controls.

Mean mrna expression in pre-eclampsia cases 13.2 (95% ci 8.6 – 17.8), in normotensive controls

13.4 (9.4 – 17.4). anxa5 copy numbers were normalized to psmd4 copy numbers Error-bars indi-

cate standard deviation.
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anxa5 snps or haplotypes and pre-eclampsia risk

Both for maternal and neonatal genotypes, none of the 6 snps were indi-

vidually associated with an increased risk of pre-eclampsia (table ii). Also, 

when maternal/neonatal genotype combinations were considered, no as-

sociation between alleles and pre-eclampsia was found.

None of the maternal or neonatal haplotypes was associated with an in-

creased risk of pre-eclampsia (table iii). Moreover, when only snp2 through 

5 were included in haplotype analyses, the haplotype comprising the four 

risk alleles which are characteristic of the m2 haplotype was not associated 

with an increased risk of pre-eclampsia when compared to the common 

haplotype of non-risk alleles only (table iii).

Discussion

In this study, we did not observe an association between maternal or neo-

natal anxa5 promoter genotypes and pre-eclampsia, neither for individual 

snps, nor for haplotypes. The previously reported association between the 

m2 haplotype in neonates and pre-eclampsia16 was not confirmed in this 

study. Furthermore, we observed no relationship between placental anxa5 

mrna expression and pre-eclampsia.

The lack of association between maternal anxa5 variants and pre-eclamp-

sia is consistent with two previous studies. Although the first study found 

an association between the m2 haplotype and pregnancy-related hyper-

tensive disorders (or 2.1, 95% ci 1.2 – 3.5), this association was weaker and 

no longer statistically significant when only pre-eclampsia patients were 

considered (or 1.5, 95% ci 0.8 – 2.8).17 The second study found no associa-

tion between maternal gene variants and pre-eclampsia.16

In the present study we could not confirm the association between placen-

tal m2 and pre-eclampsia previously reported in the Japanese population.16 

This may be explained by a less ethnically homogeneous study population 

in our study, as the frequency of the m2 haplotype carriers in controls was 

substantially lower in the Japanese population.



Our study indicates that the t-allele of snp1 (c.-390 c>t) in the neonatal 

genotype was associated with increased mrna expression. The only hap-

lotype which contains this snp (haplotype h4, tgccgg) was also associated 

with increased mrna expression. Additionally, the h2 haplotype (cgatgg) 

in the neonatal promoter was associated with decreased mrna expression. 

These findings are in line with two recent studies that showed increased 

plasma levels of Annexin A5 in carriers of the h4 haplotype, and decreased 

levels in h2 carriers.21/23 We can therefore hypothesize that both mrna ex-

pression and protein levels are affected by these haplotypes directly, but 

a correlation between anxa5 mrna expression and protein level in the 

placenta has not yet been demonstrated.24-26 Furthermore the clinical rele-

vance of increased or decreased placental Annexin A5 is not fully elucidat-

ed in humans, as some studies describe decreased mrna and protein levels 

in pre-eclamptic placentas,25/27 whereas others report increased levels.28

Several aspects of our study warrant comment. Although the sample size 

was moderate, we believe that the current approach, including data of 

maternal genomic dna, umbilical cord blood genomic dna and placental 

mrna of pre-eclampsia patients as well as controls, provides valuable and 

unique information. As the placenta is fetal tissue, a putative relation with 

respect to anxa5 placental expression with a haplotype could be expected 

to exist preferentially with the fetal, and not with the maternal haplotype. 

A limitation is that ethnicity data were not available for all study partici-

pants, and hence, cases and controls could not be matched for this. Finally, 

the present study does not provide information on the Annexin A5 protein 

level in the placenta and potential post-transcriptional modification and 

gene-gene interactions.

In conclusion, we did not observe a relationship between maternal or ne-

onatal anxa5 variants with pre-eclampsia, and no association between 

anxa5 mrna expression and pre-eclampsia was found.
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Abstract

Annexin A5 is an anticoagulant protein, abundantly present on placental 

villi. Four common haplotypes (h1-h4) in the anxa5 gene have been de-

scribed. The haplotype h3 is associated with recurrent miscarriage in mul-

tiple studies, potentially via reduced Annexin A5 protein levels. However, 

various studies show inconsistent results.

In the present study we investigated the association of the anxa5 haplo-

types h1-h4 with recurrent miscarriage in Dutch women in a case control 

study. Next, in a post-hoc analysis of the alife study, we assessed whether 

carriers of these haplotypes benefit from antithrombotic therapy in a sub-

sequent pregnancy.

dna samples of 233 women with recurrent miscarriage, who participated 

in the alife study and of 1819 population controls were included. Four snps 

(rs62319820, rs113588187, rs1050606 and rs1131239) were used to construct 

the four haplotypes. The associations with recurrent miscarriage and live 

birth during were analyzed using logistic regression models.

Haplotypes h2-h4 were not associated with recurrent miscarriage if com-

pared to haplotype h1 (or 1.01, 95% ci 0.81 – 1.26 for h2, or 1.14, 95% ci 0.83 

– 1.56 for h3 and or 1.17, 95% ci 0.82 – 1.68 for h4) . Carriers of haplotypes h2 

and h4 appeared to have an increased chance of live birth during the alife 

study, when adjusted for prognostic variables (or 1.79, 95% ci 1.11 – 2.87 

and or 1.55, 95% ci 0.78 – 3.09 respectively). Women who were homozygous 

for the h1 haplotype appeared to benefit from treatment with lmwh plus 

asa, whereas h1h2, h1h3 and h1h4 carriers did not.

In conclusion, anxa5 haplotypes are not associated with recurrent miscar-

riage in the Dutch population. Whether women with certain anxa5 hap-

lotypes may benefit from antithrombotic treatment requires confirmation 

in other cohorts.

Introduction

Annexin A5 is a protein with anticoagulant properties. It binds to negative-

ly charged phospholipids, where it forms a crystallized shield, thus block-

ing the surface from phospholipid-dependent coagulation.1 Annexin A5 is 

abundantly present on vascular endothelial cells2 as well as on the apical 

membrane of trophoblast cells in the placenta.3 Disruption of this Annex-

in A5 shield by antiphospholipid antibodies exposes these thrombogenic 

anxa5 variants and recurrent miscarriage

249



weeks’ gestation in the absence of abnormal parental karyotype, lupus an-

ticoagulant or anti-cardiolipin igg and igm antibodies, uterine anomalies 

and an abnormal fasting level of homocysteine. Controls were individuals 

who had been included in the Nijmegen Biomedical Study (nbs), of which 

details were reported previously.21 Briefly, the nbs is a population-based 

survey conducted by the Department for Health Evidence and the Depart-

ment of Laboratory Medicine of the Radboud university medical center. 

21,756 age- and sex-stratified randomly selected inhabitants of the mu-

nicipality of Nijmegen in the eastern part of the Netherlands, received an 

invitation to fill out a postal questionnaire on lifestyle and medical history, 

and to donate blood samples. The response to the questionnaire was 43% 

(n = 9350). 69% (n = 6468) of the responders donated blood samples. In 2007, 

1980 samples were used as controls for genome-wide association studies 

for prostate and breast cancer, of which 1819 passed genome-wide quality 

control criteria. These were used for the present case control study.22

Written informed consent was obtained from all alife and nbs partici-

pants. Ethical approval was obtained for the alife study, the nbs study and 

the present study.

Genetic analysis

Genomic dna was isolated from peripheral blood cells. In samples of alife 

participants TaqMan primers with fam or vic as fluorophores (Applied Bio-

systems, usa) were used for genotyping.

For controls, genotype data (Illumina HumanHapcnv370-Duo BeadChip) 

were available for those 1980 nbs participants that were selected to serve 

as controls in gwas.22 A total of 1819 samples passed quality control [sam-

ple yield ≥96% (after exclusion of intensity-only markers (n = 23,573)), Cau-

casian ancestry ≥90% (based on Structure analysis), snp yield ≥96%]. Ge-

nome-wide snp data were available for these 1819 nbs participants. snp 

quality control [minor allele frequency (maf) ≥1%, and Hardy-Weinberg 

equilibrium (hwe) p-value >10-6] resulted in availability of 323,414 snps. 

Density was increased by imputation, which was performed with 1000ge-

nomes phase1 integrated version 3 as a reference sample using impute v2 

software.

In the anxa5 promoter region four common haplotypes (h1, h2, h3 and h4) 

are present.17-19 We used four snps (rs62319820, rs113588187, rs1050606 and 

rs1131239, figure i) to construct these four haplotypes based on previously 

published linkage disequilibrium patterns.17-19

phospholipids, and thereby induces hypercoagulability.1/4/5 This concept is 

supported by the fact that Annexin A5 on placental villi is reduced in wom-

en with a history of pregnancy loss and antiphospholipid antibodies.6

Women with a history of recurrent miscarriage without antiphospholipid 

antibodies also have lower plasma levels of Annexin A5 compared to con-

trols.7 Genetic variants in the anxa5 gene that presumably lead to lower 

levels of Annexin A5 have been proposed as a risk factor for recurrent mis-

carriage.8 Several studies have shown a higher prevalence of a haplotype 

consisting of 4 single nucleotide polymorphisms (snps) in the anxa5 pro-

moter region (m2 haplotype) in women with recurrent miscarriage com-

pared to controls.8-13 Other studies, however, found no difference.14-16

Recently four common haplotypes (h1-h4) in the anxa5 promoter were de-

fined, which are extensions of the m classification in the previously men-

tioned studies.17-19 In the present study we investigated the association of 

the anxa5 haplotypes h1-h4 with recurrent miscarriage in Dutch women. 

Next, we assessed whether carriers of these haplotypes benefit from an-

tithrombotic therapy in a subsequent pregnancy.

Methods

Study design

To evaluate whether anxa5 haplotypes are associated with recurrent mis-

carriage, we performed a case control study, in which we compared the 

prevalence of the various haplotypes in women with recurrent miscarriage 

and in a Dutch control population. To assess whether these haplotypes af-

fect the chance of a subsequent live birth or the efficacy of antithrombotic 

therapy we performed a post-hoc exploratory analysis of the alife trial.20 

The alife study was a randomized controlled trial that investigated the 

effect of either low-molecular-weight heparin (lmwh) plus acetylsalicylic 

acid (asa), asa alone or placebo on live birth.

Study population

For the case control study we compared women with recurrent miscarriage 

who had participated in the alife study (isrctn 58496168)20 to population 

controls. The main inclusion criterium for the alife study was unexplained 

recurrent miscarriage, defined as two or more miscarriages prior to 20 
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dominant model), or a specific combination of haplotypes. The effect of 

intervention was evaluated with logistic regression modelling. Differences 

in live birth rates between interventions were expressed as or with 95% 

cis for lmwh plus asa and asa alone, with the placebo group as reference.

Statistical analyses were performed using the R statistical package version 

3.1.1 (r Foundation for Statistical Computing, Vienna, Austria). Two-sided 

probability values of <0.05 were considered statistically significant.

Results

dna samples of 235 of 364 (65%) alife study participants were available. 

In two cases, pcr was unsuccessful for all four snps. Of the remaining 233 

women, 32 did not become pregnant during the trial. Characteristics of the 

233 alife participants with pcr results are summarized in table i.

table i - Characteristics of the study population – women with recurrent miscarriage.

a: bmi data were available for 77 (lmwh plus asa), 71 (asa alone) and 76 (placebo) women. b: A full

inherited thrombophilia screen was available for 70 (lmwh plus asa), 68 (asa alone) and 66 (pla-

cebo) women. c: 4 women were included early in the alife study because of 1 miscarriage <20 

weeks’ gestation and 1 intra-uterine foetal death. Thereafter, the study protocol was amended, 

limiting the inclusion criteria to 2 miscarriages before 20 weeks’ gestation.

figure i - Haplotype snps and haplotypes.

Statistical analyses

Haplotype frequencies and association with recurrent miscarriage (in the 

case control study) or live birth (in the post-hoc analyses of the alife study) 

were estimated using the ‘haplo.stats’ package.23 Risk alleles were defined 

as alleles different from those that constitute the most common haplo-

type. Hardy-Weinberg equilibrium for each snp was tested using the c2 test.

In the case control study, the association between snps and haplotypes 

and recurrent miscarriage was analyzed using logistic regression models. 

For the haplotypes, we assumed an additive effect. Individual snp analyses 

were corrected for the number of independent tests, with a Bonferroni cor-

rected p-value of 0.05/4, based on 4 snps. The effect on recurrent miscar-

riage was expressed using odds ratios (ors) with 95% confidence intervals 

(ci) relative to the reference category (i.e. the most common haplotype, h1).

In the post-hoc analyses of the alife study, the association between haplo-

types and live birth was analyzed using logistic regression models. Multi-

variable models were used to evaluate the interaction between haplotypes 

and trial intervention, corrected for the number of previous miscarriages 

(two versus three or more), previous live birth (yes versus no), age (<36 

versus ≥36 years), inherited thrombophilia (yes versus no), intervention 

(lmwh plus asa, or asa alone versus placebo). The fit of models with and 

without the haplotype × trial intervention interaction were compared us-

ing a likelihood ratio test statistic (lrts). Finally, subgroups were made of 

individuals carrying at least one h1, h2, h3 or h4 haplotype (analyzed in a 
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table ii - anxa5 promoter region haplotypes and association with recurrent miscarriage.

Bold alleles indicate risk alleles, haplotypes are compared to haplotype h1; nbs, Nijmegen Bio-

medical Study, or, odds ratio; ci, confidence interval.

anxa5 haplotypes and snps and chance of live birth

Results of exploratory subgroup analyses for intervention are summarized 

in table iii. A trend towards a beneficial effect in h3 haplotype carriers was 

observed for both lmwh plus asa and asa alone (or 2.16, 95% ci 0.51 – 9.25 

and or 2.03 95% ci 0.44 – 9.32 respectively) when analyzed in a dominant 

model (table iii-a). These results did not materially change when only 

women who became pregnant were considered (or 2.59, 95% ci 0.49 – 13.69 

and or 1.52 95% ci 0.31 – 7.49 respectively). This benefit was not evident in 

women carrying combinations of h1 and h3 alleles (h1h3, or 0.85, 95% ci 

1.10 – 7.49, table iii-b). Other h3 subgroups (h2h3, h3h3 or h3h4) were too 

small to differentiate between effects of antithrombotic therapy for haplo-

type allele combinations (table iii-b).

Women carrying the homozygous h1h1 combination (table iii-b) ap-

peared to benefit from lmwh plus asa. In carriers of at least one h1 

copy we observed a trend towards a beneficial effect of treatment with 

lmwh plus asa (or 1.55 95% ci 0.71 – 3.40 in all women (table iii-a) 

and or 2.31, 95% ci 0.94 – 5.66 in women who became pregnant). We ob-

served no interaction between haplotypes and intervention (p lrts = 0.22).

anxa5 haplotypes and snps and association
with recurrent miscarriage

Genotyping success rates for the four snps were 98% (rs62319820), 99% 

(rs113588187), 99% (snp rs1050606) and 99% (rs1131239) in women with re-

current miscarriage. All snps were in Hardy-Weinberg equilibrium in nbs 

controls (table si). Haplotype analysis revealed that only the previously 

described four common haplotypes (h1-h4) were present with a frequency 

>1% (table ii).

The frequencies of the haplotypes were similar amongst women with re-

current miscarriage and controls, as shown in table ii. The h3 haplotype, 

which is an elongation of the m2 haplotype, was not associated with recur-

rent miscarriage (or 1.14, 95% ci 0.83 – 1.56).

Results of the individual snp analyses are summarized in table si. Women 

who were homozygous tt for snp1 (g.-390 c>t) had an increased probabil-

ity of recurrent miscarriage (or 4.45 95% ci 1.48 – 13.41).

table si - anxa5 promoter polymorphisms, allele frequencies and association with recur-

rent miscarriage.

Genotypes were available for all nbs controls and for 230 (snp1) and 232 (snp5, snp6 and snp7)

cases. All snps were in Hardy-Weinberg equilibrium for nbs controls. *p = 0.008 compared to cc 

alleles. p = 0.032 after Bonferroni correction for multiple testing. Reported 95% cis are crude, i.e. 

not corrected for multiple testing. snp, single nucleotide polymorphism, or, odds ratio; ci, confi-

dence interval. Bold and underlined alleles indicate risk alleles.
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Haplotype h2 was associated with a higher chance of live birth in the alife 

trial (or 1.79, 95% ci 1.11 – 2.87) compared to the reference haplotype (h1) 

when corrected for the number of previous miscarriages, previous live 

birth, age, presence of inherited thrombophilia and trial intervention. 

A similar effect was observed for haplotype h4, but this did not reach sta-

tistical significance (or 1.55 95% ci 0.78 – 3.09) (table sii). This did not ma-

terially differ when women who did not become pregnant during the trial 

were excluded (or 1.72 95% ci 1.01 – 2.90 and or 1.82, 95% ci 0.79 – 4.18 

respectively). None of the individual snps were associated with live birth 

during the alife study when analyzed individually (data not shown).

table sii - anxa5 haplotypes and the chance of live birth in women with recurrent mis-

carriage when treated with antithrombotic agents: data from post-hoc analyses in the alife 

study.

ⱡ corrected for: number of previous miscarriages (two versus three or more) previous live birth

(yes versus no), age (<36 versus ≥36 years), inherited thrombophilia (yes versus no) and trial 

intervention (lmwh plus asa or asa alone versus placebo).

table iii - Odds ratio for live birth in women with recurrent miscarriage stratified for in-

tervention and anxa5 haplotypes.

Analyses are corrected for: number of previous miscarriages (two versus three or more) previous

live birth (yes versus no), age (<36 versus ≥36 years), inherited thrombophilia (yes versus no). 

iii-a. Odds ratios for live birth are analyzed in a dominant model: efficacy of treatment for carri-

ers of at least one copy of the haplotype (h1, h2, h3 or h4) was analyzed. iii-b. Odds ratios for live 

birth per combination of haplotype alleles: efficacy of treatment for carriers of haplotype allele 

combinations was analyzed. or, odds ratio; 95% ci, 95% confidence interval; lmwh, low-molecu-

lar-weight heparin; asa, acetylsalicylic acid; n.a., not applicable (numbers too small).
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The present study has some limitations. Although the large number of cas-

es and controls provided substantial power to investigate the association 

between haplotypes and recurrent miscarriage, the study was insufficient-

ly powered to evaluate the efficacy of intervention in alife per haplotype. 

dna data were only available from a subset of all women who participated 

in the alife study, but missingness was completely at random. As the alife 

study population was clearly defined according to inclusion criteria, the 

present study provides valuable data on women with recurrent miscar-

riage.

In conclusion, we did not observe an association between anxa5 haplo-

types with recurrent miscarriage. In our post-hoc analyses, women with 

the h3 haplotype, or two copies of the h1 haplotype, appeared to have 

an increased probability of live birth when treated with lmwh plus asa. 

These findings need to be confirmed to explore whether haplotypes can 

be used to identify women with recurrent miscarriage who benefit from 

antithrombotic therapy in a subsequent pregnancy.
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Discussion

In the present study, we did not observe an association between anxa5 hap-

lotypes and recurrent miscarriage. To our knowledge, nine previous stud-

ies reported on the association between anxa5 polymorphisms, located in 

the promoter region, and recurrent miscarriage.8-16 Eight of these studies 

evaluated the role of the m2 haplotype.8-14/16 The m2 haplotype consists of 

four snps (snp2 through snp5), which, as shown in previously described 

linkage disequilibrium patterns,18/19 constitute haplotype h3, together with 

snp1, snp6 and snp7 (figure i). Six studies reported an increased probability 

of recurrent miscarriage in m2 carriers, with ors ranging from 1.5 to 3.1.8-13 

The seventh and eighth study did not confirm an increased probability 

of recurrent miscarriage for m2 carriers.14/16 Lastly, the ninth study, which 

only investigated the role of snp5 (which is one of the four snps that make 

up the m2 haplotype and the snp indicative for h3) also showed no associa-

tion with recurrent miscarriage (or 0.84 95% ci 0.47 – 1.52).15 Results of the 

present study, indicating no increased probability of recurrent miscarriage 

in women carrying the h3 haplotype, are in line with these latter three 

studies.

How can these differences between study results be explained? Study pop-

ulations varied regarding inclusion criteria (mainly the number and tim-

ing of miscarriages and comorbidity), but also regarding geographical re-

gion, and therefore likely in ethnicity. Furthermore, four of the six studies 

that reported an association with the m2 haplotype used the same control 

group from the PopGen biobank in Kiel, Germany.

Although no association between anxa5 haplotypes and recurrent miscar-

riage was observed, haplotypes h2 and h4 appear to increase the probabil-

ity of live birth in a subsequent pregnancy, when compared to haplotype 

h1. A trend towards a beneficial effect of lmwh plus asa and asa alone in 

women carrying the h3 haplotype was observed. Furthermore, amongst 

h1 carriers, women with h1h1 haplotypes appear to benefit from lmwh 

plus asa, whereas women who carry one h1 copy and one copy of either 

h2,h3 or h4, do not seem to benefit from this treatment. It was anticipated 

that these subgroup analyses were underpowered, analyzed post-hoc, and 

therefore results should be interpreted with caution.
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Chapter 11

Summary and

future perspectives



Summary

The research presented in this thesis addresses several aspects of the as-

sociation between inherited thrombophilia and pregnancy complications. 

Antithrombotic therapy is prescribed to women with recurrent miscarriage 

and antiphospholipid syndrome to increase their chance of live birth in a 

subsequent pregnancy. Whether women with recurrent miscarriage and 

inherited thrombophilia also benefit from this therapy is unknown. In Part I 

of this thesis, we provide an overview of what is currently known on the 

use of antithrombotic therapy for this indication, we review the available 

evidence and we present two studies in which this therapy is evaluated.

Part I

In Chapter 2 we review the literature on the strength of the association 

between thrombophilia and pregnancy loss, we discuss what is known on 

the pathophysiological mechanisms behind this association and we eval-

uate the efficacy of antithrombotic therapy to increase the chance of live 

birth. Differences between international guidelines and consensus state-

ments on this topic reflect the lack of knowledge and available evidence 

in this field. Several explanations may play a role. First, the association be-

tween thrombophilia and pregnancy loss varies per type of thrombophilia, 

(e.g. acquired, as in the antiphospholipid syndrome or inherited, (i.e. Fac-

tor V Leiden or prothrombin g20210a mutation, or deficiency of protein C, 

protein S or antithrombin)) and for type and timing of pregnancy loss (e.g. 

recurrent early loss before 12 weeks’ gestation or single loss in the third 

trimester). Second, for both inherited thrombophilia and antiphospho-

lipid syndrome the exact pathophysiological mechanism is unclear. And 

finally, when summarizing the literature on evidence for antithrombotic 

therapy to increase the chance of live birth we must conclude that more 

data is urgently needed. For women with unexplained recurrent miscar-

riage, substantial evidence that antithrombotic therapy does not increase 

the chance of live birth in a subsequent pregnancy has been obtained in 

the past decade. However, for women with antiphospholipid syndrome, 

studies have shown beneficial effects, but the numbers of included wom-

en were small. For women with inherited thrombophilia, no high quality 

evidence is available.
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Several observational studies have evaluated the chance of live birth in the 

first pregnancy after diagnosis of recurrent miscarriage. However, when 

counselling couples with recurrent miscarriage, not only their chance of 

live birth in the next pregnancy, but also their long-term prognosis is rele-

vant: will they eventually achieve a live birth, and at the cost of how many 

more miscarriages? How much time will it take to achieve a live birth? 

In Chapter 3 a cohort study is presented in which the time to live birth 

after recurrent miscarriage is evaluated. Women who participated in the 

previously performed alife study were contacted after a median follow-up 

duration of 7 years and data on pregnancies that had occurred after their 

participation in the alife study were collected. The median time to a live 

birth was 19 months, and the cumulative probability of live birth, taking 

the competing risk of loss of fertility due to age (46 years old) into account, 

was 15%, 55%, 77% and 81% after 1, 2, 5 and 10 years respectively. The cu-

mulative probability of live birth for women with three or more miscar-

riages was lower than for women with two miscarriages (hr 0.75, 95% ci 

0.57 – 0.97). Interestingly, we found no difference between women with 

and without inherited thrombophilia.

To determine the efficacy of antithrombotic therapy in women with recur-

rent miscarriage with or without inherited thrombophilia we performed a 

Cochrane systematic review, which is described in Chapter 4. We searched 

for randomized and quasi-randomized controlled trials that assessed the 

effect of aspirin, unfractionated heparin (ufh), and low-molecular-weight 

heparin (lmwh) on live birth in women with a history of at least two unex-

plained miscarriages with or without inherited thrombophilia. Nine stud-

ies, including data of 1228 women, were included in the review. A quality 

assessment was performed and three studies were considered at a high 

risk of bias. In sensitivity analyses in which studies at high risk of bias 

were excluded, antithrombotic therapy did not have a beneficial effect on 

live birth, regardless of which anticoagulant was evaluated. Similar live 

birth rates were observed when comparing lmwh, with or without aspirin 

to no treatment, i.e. 72.5% and 71.3% (relative risk (rr) of live birth 0.98, 95% 

confidence interval [ci] 0.85 to 1.12). A trend towards a significant effect of 

lmwh when compared to aspirin (rr of live birth 1.21, 95% ci 0.79 to 1.87) 

and of lmwh and aspirin when compared to no treatment (rr of live birth 

1.25, 95% ci 0.74 to 2.12) was observed in women with inherited thrombo-

philia but the subgroups were too underpowered to draw firm conclusions.

This Cochrane systematic review was an update of a previously published 

version.1 Although the number of available studies is still limited, we can 
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now conclude that antithrombotic therapy is not effective in women with 

unexplained recurrent miscarriage. For women with inherited thrombo-

philia and recurrent miscarriage, large randomized controlled trials are 

needed, and until results are available, anticoagulants to improve the 

chance of live birth in these women are also not recommended.

To study the efficacy of lmwh in women with recurrent miscarriage and 

inherited thrombophilia, we designed the alife2 study, of which the pro-

tocol is described in Chapter 5a. Women with two or more miscarriages 

or intra-uterine fetal deaths and confirmed inherited thrombophilia (i.e. 

Factor V Leiden or prothrombin g20210a mutation, or deficiency of protein 

C, protein S or antithrombin) are eligible for the study. As soon as a urine 

pregnancy test is positive, but before a gestational age of 7 weeks they can 

be randomized to either lmwh or no intervention. The primary outcome 

is live birth, and secondary outcomes include efficacy (e.g. pre-eclampsia, 

placental abruption) and safety (e.g. bleeding, thrombocytopenia). This 

multicenter study is currently conducted in 11 participating centers in the 

Netherlands and Belgium and participation of other non-Dutch centers 

is expected to be followed closely by centers in the United Kingdom, the 

United States, Canada and Sweden.

To design and effectuate the alife2 study proves to be challenging, as sev-

eral hurdles in fields such as ethics requirements, legislation and funding 

have to be taken. These hurdles, and how they are taken are discussed in 

Chapter 5b.

Given the known association between inherited thrombophilia and recur-

rent miscarriage, thrombophilia testing is often performed. The test result 

may provide an explanation for the miscarriages, but it remains unknown 

whether it identifies women who may benefit from therapy. The pros and 

cons of thrombophilia testing are discussed in Chapter 6. First we summa-

rize the odds ratios for individual thrombophilic defects for early miscar-

riage and late miscarriage, which vary from 1.40 to 6.25 and 1.31 to 20.09, 

respectively. Next, we discuss that only limited data are available on the 

use of antithrombotic therapy in women with recurrent miscarriage. None 

of the trials were sufficiently powered to demonstrate an effect of phar-

macological therapy in subgroups of women with inherited thrombophilia. 

Furthermore, although the risk of significant bleeding is low (1.98% (95% 

ci, 1.50 to 2.57)2 antithrombotic therapy induces easy bruising (aspirin and 

lmwh) and swelling or itching at injection sites (lmwh), and is costly. Be-

cause it still remains to be established whether anticoagulant treatment 
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Next, we investigated whether Annexin A5 promoter snps and haplo-

types h1-h4 affect mrna expression in the placenta or are associated with 

pre-eclampsia. This case-control study, in which maternal and neonatal 

dna and placental mrna expression of 34 pre-eclamptic pregnancies and 

146 normotensive pregnancies were analyzed, is described in Chapter 9. 

The t-allele of rs62319820 (c.-390 c>t) in the neonatal promoter was asso-

ciated with increased mrna expression, but Annexin A5 mrna expression 

levels were not associated with pre-eclampsia risk. Furthermore, neither 

individual snps nor any of the common haplotypes were associated with 

an increased risk of pre-eclampsia.

Finally, in Chapter 10, we investigated the association of the Annexin A5 

haplotypes h1-h4 with recurrent miscarriage in Dutch women. dna sam-

ples of 233 women with recurrent miscarriage who participated in the al-

ife study3 and of 1819 population controls were included. Haplotypes h2-

h4 were not associated with recurrent miscarriage when compared to the 

reference haplotype h1 (or 1.01, 95% ci 0.81 – 1.26 for h2, or 1.14, 95% ci 0.83 

– 1.56 for h3 and or 1.17, 95% ci 0.82 – 1.68 for h4). Next, in a post-hoc anal-

ysis of the alife study, we assessed whether carriers of these haplotypes 

benefit from antithrombotic therapy in a subsequent pregnancy. Carriers 

of haplotypes h2 and h4 appeared to have an increased chance of live birth 

during the alife study, when adjusted for prognostic variables (or 1.79, 95% 

ci 1.11 – 2.87 and or 1.55, 95% ci 0.78 – 3.09 respectively), but subgroups are 

too small to draw firm conclusions. Women who were homozygous for the 

h1 haplotype appeared to benefit from treatment with lmwh plus acetyl-

salicylic acid, whereas h1h2, h1h3 and h1h4 carriers did not. 

Perspectives

The ideal future of a couple who experienced recurrent miscarriage is a 

future with a successful pregnancy resulting in a healthy newborn. The 

future perspective from a scientific point of view is a natural result hereof; 

namely to better understand the pathophysiological mechanisms of re-

current miscarriage, and to find an evidence based therapy to increase the 

chance of live birth.

will improve clinical outcome, the knowledge of a patients’ thrombophilic 

status should not alter clinical management, and testing for thrombo-

philia should therefore not be performed on a routine basis but only in 

the context of research and subsequent enrolment in controlled interven- 

tion trials.

Next to women with recurrent miscarriage, the efficacy of antithrombot-

ic therapy is also evaluated for women with other pregnancy complica-

tions, including late pregnancy loss, pre-eclampsia, placental abruption 

and small-for-gestational-age newborns. Results from a meta-analysis 

suggest that lmwh reduces recurrence of these complications, but there is 

significant heterogeneity between studies. Chapter 7 describes the study 

protocol of the affirm project. This is an individual patient data meta-anal-

ysis in which the combined data of nine trials will be used to evaluate 

the efficacy of lmwh in women with prior placenta-mediated pregnan-

cy complications such as pre-eclampsia, placental abruption, birth of a 

small-for-gestational-age newborn, pregnancy loss after 16 weeks’ gesta-

tion or two losses after 12 weeks gestation. Randomized controlled trials 

with an lmwh intervention for the prevention of these complications were 

eligible, and identified in a systematic review. The primary outcome is a 

composite outcome including four pregnancy complications: early-onset 

or severe pre-eclampsia, birth of a small-for-gestational age newborn with 

a birth weight <5th percentile, placental abruption, and late pregnancy loss. 

Part II

In Part II of this thesis we investigate whether gene variants in the Annex-

in A5 gene are associated with deep vein thrombosis (dvt), pre-eclampsia, 

or recurrent miscarriage. In Chapter 8 the prevalence of Annexin A5 ge-

netic variants is compared between 148 patients with confirmed dvt and 

267 controls who were suspected to have dvt, but in whom this was ruled 

out. Six snps were identified in the promoter region of the Annexin A5 gene 

and four common haplotypes (h1-h4) were constructed. The prevalence of 

individual snps and of common haplotypes was similar between patients 

and controls. These findings were confirmed when data of the patients 

were compared to a second independent control group of 1705 individuals 

from the general population. We therefore conclude that Annexin A5 snps 

or haplotypes do not contribute to dvt risk in the Dutch population.
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Ideally, a sequential of the alife2 study will be an alife3 study, in which 

the efficacy of antithrombotic therapy on live birth in women with obstet-

ric antiphospholipid syndrome is investigated. Current guidelines grade 

their recommendation to prescribe lmwh and aspirin for this indication as 

1B, but underline the fact that this evidence is based on studies with few 

participants. Additional adequately randomized controlled trials to assess 

this benefit of treatment are therefore needed.

Unfortunately, acquiring funding for such well-sized trials is as difficult 

as it is important. These trials are mainly academically driven, and not 

financially supported by pharmaceutical industries. The financial means 

are therefore often inadequate to provide for full compensation of trial 

staff, materials and study drugs for example. Both sufficient funding and 

(international) collaboration are prerequisites for future successful trials.
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The association between recurrent miscarriage and inherited thrombo-

philia is generally accepted, but further epidemiological studies are need-

ed to confirm this association and to evaluate the association per type of 

inherited thrombophilia. However, epidemiological studies will not ex-

plain why women with inherited thrombophilia are at a greater risk of 

recurrent miscarriage. The focus of future studies should therefore shift 

from epidemiology to translational research, investigating the pathophys-

iological mechanisms that underlie recurrent miscarriage. Bio-banking 

blood samples and placental- or endometrial tissue samples of women 

with recurrent miscarriage will greatly enable further research. An innova-

tive in-vitro implantation model might allow us to investigate the implan-

tation process. Experiments will offer a unique opportunity to investigate 

the interaction between endometrium and embryos. Women’s biomateri-

als will be used in the search for prognostic biomarkers affecting embryo 

selectivity.

A previous assumption that the association between recurrent miscarriage 

and inherited thrombophilia could fully be explained by thrombosis of pla-

cental vasculature has been abandoned, but an alternative explanation is 

still missing. Animal studies support the concept that regulation and inter-

action of coagulation and inflammation may determine this association. 

Elucidating so far unknown pathophysiological mechanisms and identify-

ing biomarkers that can be integrated with clinical markers will allow us to 

build clinical prediction models to predict reproductive outcome. Further-

more, these insights will provide a foundation for differentiated therapy. 

During the past decade, the number of studies evaluating antithrombot-

ic therapy to improve pregnancy outcome in women with recurrent mis-

carriage has grown substantially. These studies have contributed to the 

current guidelines, which state that antithrombotic therapy is not recom-

mended for women with unexplained recurrent miscarriage. The main 

message of this thesis is that for women with inherited thrombophilia and 

recurrent miscarriage, no evidence of a beneficial effect of antithrombotic 

therapy is available, notwithstanding physicians to prescribe lmwh or as-

pirin for this indication. For this reason we are currently conducting the 

alife2 study, as highlighted in Chapter 5a and 5b. For this challenging in-

ternational study, almost 400 women will be recruited during the coming 

years and randomized to either lmwh or no intervention, to compare its 

effects on live birth. This is a clinical trial, of which the results are antici-

pated to directly influence clinical practice.

Chapter 11

270

Summary and future perspectives

271

References 11






