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Introduction

Haemostasis is a complex process that maintains the integrity of the vessel wall and
the fluidity of blood. Plasma proteins, blood platelets, the vessel wall and blood flow
velocity are involved. Vessel wall injury is the physiological trigger of haemostasis.
The response is restricted to the site of injury by natural inhibitors of coagulant pro-
teins and platelets. An excess of fibrin is removed by the generation of the proteolytic
enzyme plasmin, as soon as it is appropriate. Finally, migration and proliferation of
vessel wall cells are induced to repair the vessel wall. Disturbances of this process
may result in either bleeding or thrombosis. Pregnancy is a challenge of haemosta-
sis, particularly by the risk of bleeding at time of delivery. It may explain the physio-
logical changes observed during pregnancy.1 These include increasing plasma levels
of procoagulant proteins and adhesion proteins (i.e. fibrinogen and von Willebrand
factor), decreasing plasma levels of anticoagulant proteins and a decline of fibri-
nolytic potency.1-8 Moreover, stickiness of platelets increases.1,2 Although these
changes protect against maternal bleeding, they will result in a state of hypercoagu-
lability.9 As a consequence, pregnancy is associated with an increased risk of throm-
bosis, still an important cause of maternal morbidity and mortality in the Western
world.10

In pregnant women, the risk of venous thromboembolism is five-to-six fold
higher than non-pregnant woman of the same age.11 The incidence of venous throm-
boembolism in the general female population ranges from 0.5-1 in 1000 deliveries.11

Predilection sites of thrombosis during pregnancy are deep leg veins and iliac veins,
may be due to venous stasis in addition to hypercoagulability.12,13 However, venous
thrombosis occurs more frequently after delivery than in pregnancy.14 This is plau-
sible, considering that it takes time before the abovementioned changes of haemo-
static compounds have been recovered, while the risk of bleeding has already
returned to its baseline level. 

It is likely that pregnancy induced hypercoagulability may also result in throm-
bosis of placenta vessels and thereby contributes to obstetrical complications, like
fetal loss.15,16 Fetal loss occurs frequently. About 20% of conceiving women experi-
ence at least one fetal loss, whereas recurrent fetal loss occurs in approximately 5%
of these women.17 Fetal loss is multicausal. Chromosomal abnormalities of either
parent(s) or fetus, uterus anomalies, endocrine disorders and infections are known
causes.18 Still, approximately 50% of all fetal losses remain unexplained.19

Women with thrombophilia, an inherited or acquired coagulation defect that is
associated with an increased risk of venous thrombosis, are more prone to develop
thrombotic events related to pregnancy. Women with multiple thrombophilic defects
are likely at higher risk than women with a single defect. Therefore, it is plausible
that thromboprophylaxis during pregnancy and/or puerperium may particularly be
of benefit in women with thrombophilia in order to reduce the risk of venous throm-
bosis and maybe fetal loss. 
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Thrombophilia

After Egeberg introduced the term thrombophilia in 1965, many defects of coagula-
tion and fibrinolysis have been recognized as risk factors for thrombosis.20 Of the es-
tablish ed inherited thrombophilic defects, deficiencies of antithrombin, protein C
and protein S are the strongest risk factors for venous thromboembolism.21 Factor V
Leiden, prothrombin G20210A, as well as often mixed inherited and acquired elevated
levels of factor VIII, factor IX, factor XI, thrombin activated fibrinolysis inhibitor
(TAFI) and hyperhomocysteinaemia are mild thrombotic risk factors.22-34 Elevated
levels of factor VIII or TAFI, and hyperhomocysteinaemia have also been associated
with an increased risk of arterial thrombosis.26,28,32 Antiphospholipid antibodies,
like lupus anticoagulant and anticardiolipin antibodies, are acquired thrombophilic
defects. The clinical entity that consists of these antibodies, venous and/or arterial
thrombosis and/or obstetrical complications is known as the antiphospholipid syn-
drome.35 Together, thrombophilic defects have been reported in at least 15% of the
Western population and in up to 50% of patients with venous thrombosis.16

Women with thrombophilia are at higher risk of pregnancy related venous throm-
bosis. Approximately 50% of these events have been associated with thrombophilic
defects.36 The reported risks for individual thrombophilic defects are summarized
in Table 1. Women with combinations of thrombophilic defects may be at higher risk
than women with a single defect, but there is hardly data available on this issue. 

Since 1996, several studies have been performed, that addressed the association of
fetal loss with thrombophilia.42,44-49 In a number of these studies, early and late fetal
loss rates were separately reported, considering that there are differences in patho-
physiology between early and late fetal loss. Relative risks of early and late fetal loss
in women with various thrombophilic defects compared to controls are presented in
Table 2. It should be noted that different definitions of early and late fetal loss were
used in these studies. The cut-off gestational age at time of fetal loss ranged from
10 weeks to 28 weeks, whereas fetal loss at gestational age less than 20-22 weeks and

Chapter 1

12

Table 1. Incidence of pregnancy related venous thrombosis in women with thrombophilia

%

Antithrombin deficiency 3-47 37-40

Protein C deficiency 2-19 37-40

Protein S deficiency 2-27 37-40

Factor V Leiden (heterozygous) 2.1 41

Prothrombin G20210A (heterozygous) 2.4 42

Elevated factor VIII levels (>150 IU/dL) 1.3 26

Mild hyperhomocysteinaemia 0.45 43

Elevated TAFI levels unknown



more than 20-22 weeks are classified early and late, respectively, according to the cri-
teria of the World Health Organization.17 Although one might expect a higher risk of
fetal loss in women with multiple thrombophilic defects than in women with a sin-
gle thrombophilic defect, as shown in one study,46 this assumption has not been es-
tablished yet.

Thromboprophylaxis

It is still a matter of debate whether thromboprophylaxis should be applied during
pregnancy and/or puerperium in women with prior venous thromboembolism, ei-
ther related to pregnancy or not. Whether thromboprophylaxis during pregnancy
and/or puerperium should be considered in women with symptomatic or even
asymptomatic thrombophilia is also a controversial issue. Anticoagulant treatment
in order to reduce the risk of fetal loss in women with thrombophilia has been sug-
gested, although available evidence is not convincing. The major concerns about the
use of anticoagulant drugs during pregnancy are efficacy of the regimes, maternal
and fetal risks, and management around the time of delivery. 

Anticoagulant therapy during pregnancy can reduce the risk of venous thrombo-
sis.50 Although this risk is low, venous thrombosis is the second cause of  maternal
mortality in the Netherlands51 and can cause serious morbidity due to deep venous
insufficiency (i.e. post-thrombotic syndrome).52 Furthermore, the recurrence rate of
venous thromboembolism during pregnancy in women with previous idiopathic ve-
nous thrombosis is 2.7%-5.6% and 2.2%-4.5% in women with previous pregnancy
related thrombosis.53, 54 Current guidelines for primary and secondary thrombopro-
phylaxis in pregnant women are mainly based on experts’ opinions. Issues to be re-
solved, apart from efficacy and safety, include the dosage of anticoagulant drugs, the
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Table 2. Relative risk of early and late fetal loss in women with thrombophilia

Early fetal loss Late fetal loss

Antithrombin deficiency 1.5-1.7 44,46 5.2-7.6 44,46,48

Protein C deficiency 1.4 -2.3 44,46,48 2.3-3.1 44,46,48

Protein S deficiency 1.3-3.6 44,46,48 3.3-20.1 44,46,48

Factor V Leiden (heterozygous) 1.0-2.0 45,47,48 1.4-3.3 45,47,48

Prothrombin G20210A (heterozygous) 1.3-2.5 42,48 2.3-2.7 48

Elevated factor VIII levels (>150 IU/dL) 1.2 49 unknown

Hyperhomocysteinaemia 0.8-6.3 48,49 1.0-1.3 48

Elevated TAFI levels unknown unknown

Combined defects 0.8 46 14.3 46



need for dose adjustments, stratification for risk of venous thrombosis, and start and
duration of thromboprophylaxis. An individualized approach may be preferred.55,56

Considering uteroplacental thrombosis as a cause of fetal loss, it is rational to use
anticoagulant drugs for its prevention. This is already common practice in pregnant
women with the antiphospholipid syndrome.57 Some studies suggested a benefit of
thromboprophylaxis in women with thrombophilia and (recurrent) fetal loss, but
most of these studies had major methodological limitations. As fetal loss is relatively
common, the need for treatment also depends on the prognosis of a successful preg-
nancy outcome after a first fetal loss in women with thrombophilia. Because avail-
able evidence from previous studies is not convincing, it does not justify
anti    coagulant routine treatment in these women.58,59,60

Aim of this thesis

This thesis addresses the absolute risk of pregnancy related venous thrombo -
embolism and fetal loss in women with thrombophilic defects, either single or mul-
tiple. The presented studies were performed to assess:

1 The absolute risk of venous thromboembolism during pregnancy and puer-
perium in women with hereditary deficiencies of antithrombin, protein C or
protein S, and the contribution of other concomitant thrombophilic defects to
this risk.

2 The absolute risk of fetal loss in women with hereditary deficiencies of either
antithrombin, protein C or protein S, and the contribution of other concomitant
thrombophilic defects to this risk.

3 The effects of thromboprophylaxis during pregnancy on fetal loss rates in women
with hereditary deficiencies of either antithrombin, protein C or protein S.

4 The risk of a second fetal loss in carriers and non-carriers of either factor V Lei-
den or prothrombin G20210A after a first unexplained fetal loss.

5 The absolute risk of venous and arterial thromboembolism associated with
high TAFI levels, and the contribution of other concomitant thrombophilic de-
fects to this risk.

6 The absolute risk of fetal loss in women with high TAFI levels.
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