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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 
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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.
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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-
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