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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.
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