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Recurrent miscarriage is a traumatic event, which may lead to symptoms of depression, 

anxiety, lowered self-esteem and other psychosocial consequences.1 One percent of all 

women trying to conceive will have three miscarriages or more in their lives.2 If recurrent 

miscarriage is defined as two or more miscarriages, the proportion of women with 

recurrent miscarriage increases to 5%.

Established causes for recurrent miscarriage are structural chromosome abnormalities 

of one of the partners, uterine abnormalities, elevated random level of homocysteine 

and antiphospholipid syndrome.3, 4 In half of the women with recurrent miscarriage no 

apparent cause can be found.5, 6 Cytogenetic abnormalities in miscarriage tissue occur in 

around 50% of women with a sporadic miscarriage as well as in women with recurrent 

miscarriage.7-14 Hence in 25% of the women with two preceding miscarriages or in 12 

% of women with three preceding miscarriages, cytogenetic abnormalities can explain 

their miscarriages. Since cytogenetic analysis of miscarriage tissue is not standard care, 

this group is not identified and thus included in the group of women with unexplained 

recurrent miscarriage. 

This thesis focuses on the clinical entity which is referred to as unexplained recurrent 

miscarriage. It explores existing knowledge and investigates the effect of anticoagulant 

interventions. 

 

One of the pathophysiological pathways of interest is based on the observed association 

between recurrent miscarriage and thrombophilia. This concerns both acquired 

thrombophilia as in antiphospholipid syndrome, as well as inherited thrombophilia, 

such as deficiencies of the natural anticoagulants antithrombin, protein C or protein S, 

and the gain of function mutations factor V Leiden and prothrombin 20210A. In large 

family cohort studies, women with inherited thrombophilia had a slightly higher risk for 

recurrent miscarriage than their relatives without thrombophilia.15-17 Systematic reviews 

of population based case control studies endorse these findings.18-21 

It was initially hypothesized that hypercoagulability with subsequent thrombosis of 

placental vasculature would be a pathophysiological mechanism.22 Later, a non-

thrombotic theory was proposed based on a study showing that antiphospholipid 

antibodies inhibit normal trophoblast invasion.23 These data were backed up by in vitro 

experiments showing that antiphospholipid antibodies inhibit extravillous trophoblast 

differentiation. Failure of trophoblast differentiation and subsequent placentation 

was thus suggested to be an underlying pathophysiological mechanism of pregnancy 

loss in antiphospholipid syndrome.24 In addition to these human data, tissue factor 

initiated activation of the blood coagulation at the feto-maternal interface causing early 

pregnancy loss was convincingly demonstrated in thrombomodulin-deficient mice. These 

mice, which lack the natural anticoagulant protein C pathway, were unable to carry their 

fetuses beyond 8.5 days post coitum. Activated coagulation factors were found that 
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induced cell death and inhibited growth of throphoblast cells. Administration of heparin 

or aspirin to the mice delayed this process but could not prevent early pregnancy loss.25

Despite the lack of understanding of the underlying pathophysiology in the majority 

of women with unexplained recurrent miscarriage, several interventions have been 

suggested to improve the chance of a live birth. Some interventions are based on 

presumed abnormalities in the immune and coagulation system and have been introduced 

without adequate clinical data to support a positive effect. For example, although allo-

immunity, such as incompatibility of human leukocyte antigens in couples, has not been 

firmly established as an underlying pathophysiological mechanism in humans, several 

immunologic interventions such as paternal cell immunization and immunoglobulin 

infusions have been advocated, and none have shown a significant beneficial effect on 

the chances of subsequent live birth.26

The same is true for anticoagulant interventions. Treatment with aspirin and heparin has 

been suggested to improve live birth rate in women with antiphospholipid syndrome 

and recurrent miscarriage, although pathofysiological underpinning is meagre and 

evidence from adequate trials is non conclusive.27 Some clinicians tend to extrapolate 

this presumed beneficial effect to women with unexplained recurrent miscarriage. 

Hypercoagulability was coined as a cause for unexplained recurrent miscarriage 

because thrombosis of placental vessels and infarctions were found in some cases.28 

Non-controlled studies showed a beneficial effect on live birth of anticoagulants in 

women with inherited thrombophilia and adverse obstetric events, including recurrent 

miscarriage, in their history,29-34 but adequately performed and controlled trials on the 

efficacy of interventions directed at hypercoagulability such as aspirin or heparin, are 

too scarce to recommend their use in women with unexplained recurrent miscarriage.35 

Quasi randomised controlled trials reported contradicting results.36-39 

Since unexplained recurrent miscarriage is a stressful condition for the couple, most 

women are eager and willing to try any form of treatment. Nevertheless, clinicians should 

never resort to quackery. It is their moral and professional obligation to withhold non 

evidence based treatment and to initiate large scale collaboration in evaluation research 

in order to achieve evidence and improvement in guidelines.

Background of the research described in this thesis

In 2005, when we started the studies that led to this thesis, in at least 50% of the women 

with recurrent miscarriage, the condition remained unexplained. We aimed to identify 

potential pathophysiological mechanisms that could lead to targeted interventions.

First, we performed a review of the literature on the association between inherited 

thrombophilia and pregnancy associated complications, including recurrent miscarriage, 
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and venous thromboembolism. The focus of the review was the relevance of thrombophilia 

testing for clinical management.  

Apart from women with thrombophilia also women with Philadelphia chromosome 

negative myeloproliferative disorders (MPD) have an increased risk of experiencing 

miscarriages compared with the general population.40 Recently, a somatic gain-of-

function mutation associated with MPD was found.41 Contradicting results about a 

possible association of this mutation with recurrent miscarriage are reported. In view of 

these discordant data we aimed to investigate the prevalence of JAK2V617F mutation in 

a well described cohort of women with unexplained recurrent miscarriage.  

It has been claimed that conventional cytogenetic analysis of miscarriage tissue in 

the second and subsequent miscarriages or all miscarriages in women with advanced 

maternal age is informative for both clinician and patient in the evaluation of recurrent 

miscarriage.42, 43 Theoretically, if in all miscarriage samples of women with unexplained 

recurrent miscarriage an explanatory cytogenetic abnormality could be identified the 

diagnosis ‘unexplained’ recurrent miscarriage would no longer be valid. As the debates on 

the usefulness of analysing miscarriage tissue go on, a relatively new molecular technique, 

multiplex ligation-dependent probe amplification (MLPA), has been introduced. This 

technique can be used to investigate miscarriage tissue. We aimed to compare the success 

rate of telomere-MLPA with conventional karyotyping and to explore the potential ability 

of telomere-MLPA to determine small subtelomeric cytogenetic abnormalities that could 

not be detected with conventional karyotyping. 

Aspirin and low-molecular-weight heparin were frequently prescribed for women with 

unexplained recurrent miscarriage or those with recurrent miscarriage and inherited 

thrombophilia.44, 45 We performed a review on the efficacy and safety of anticoagulant 

treatments for women with unexplained recurrent miscarriage, identifying a lack of 

evidence coinciding with an increased tendency to prescribe these drugs. We then 

performed a randomised controlled trial to investigate whether aspirin combined with 

low-molecular-weight heparin or aspirin alone, as compared with placebo, would improve 

the live birth rate among women with unexplained recurrent miscarriage.

Since expectant management remains the treatment of choice in many couples with 

unexplained recurrent miscarriage, knowledge on time to natural conception is very 

important. We aimed to assess time to natural conception in a cohort of women with 

unexplained recurrent miscarriage. 

Outline of the thesis

Chapter 2 describes the current forms of inherited thrombophilia and their underlying 

pathophysiology and epidemiology. The association of inherited thrombophilias and 



Chapter 1

12

pregnancy-associated complications like recurrent miscarriage and possible clinical 

implications are reported.  

Chapter 3 reports on the role of JAK2V617F mutation in women with unexplained 

recurrent miscarriage. We assessed the prevalence of JAK2V617F mutation in a well 

described cohort of 147 women with unexplained recurrent miscarriage. 

Chapter 4 describes two genetic techniques performed in miscarriage tissue from women 

with unexplained recurrent miscarriage. Telomere multiplex ligation-dependent probe 

amplification and conventional karyotyping was performed on 29 samples of miscarriage 

tissue. The success rates and results of both genetic techniques were compared.    

Chapter 5 provides a Cochrane systematic review to evaluate the efficacy and safety of 

anticoagulant agents, such as aspirin and heparin in women with unexplained recurrent 

miscarriage. Two studies were included in the review, the results are presented.

Chapter 6 reports the results of a multicenter randomised placebo-controlled trial 

performed: the Anticoagulants for Living Fetuses (ALIFE) study. We investigated whether 

aspirin combined with low-molecular-weight heparin or aspirin alone, as compared 

with placebo, would improve the live-birth rate among 364 women with unexplained 

recurrent miscarriage.  

Chapter 7 evaluates time to natural conception in a prospective nested cohort study 

(ALIFE study).  251 women not pregnant at the moment that unexplained recurrent 

miscarriage was diagnosed were included and time to natural conception was calculated. 

Chapter 8 presents the summary of this thesis and provides suggestions for future 

research.
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