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GENERAL INTRODUCTION

Venous thromboembolism (VTE) is a disease that is characterised by intravascular 

coagulation leading to spontaneous clot formation and obstruction within a vein 

(venous thrombosis) that can also dislodge and cause downstream occlusions (emboli). 

It has a wide clinical spectrum that ranges from deep venous thrombosis (DVT) of 

the leg to potentially fatal pulmonary embolism. The disease occurs frequently in the 

Western world with an annual incidence of 1.5 per 1,000 individuals 1-3. This increases 

with age, being very rare in children and adolescents (0.02 per 1,000 individuals) and 

fairly common in the elderly (8.1 events per 1,000 individuals over 80 years of age) 1. 

Even though treatment with anticoagulants is highly effective, treatment success is 

always counterbalanced by a 15% annual risk of any bleeding and a 3% annual risk 

of major bleeding, such as intracranial haemorrhage or gastro-intestinal bleeds 4. 

Furthermore, the risk of recurrence after cessation of anticoagulants is high: 6-18% 

in the first two years 5-7, rising to 17-30% after 7-8 years. Finally, 50% of patients with 

a DVT is left with varying complaints of the affected leg after treatment (i.e. the post-

thrombotic syndrome) 8. This disease burden emphasizes the necessity of prevention 

and identification of individuals at an increased risk of VTE.

It has been clear for many years that there are circumstances during which the risk 

of VTE is increased, such as the postoperative period, major trauma, immobilisation, 

malignancy, pregnancy and the postpartum period. Furthermore, women who use oral 

contraceptives or hormone replacement therapy are also at an increased risk. These 

clinical risk factors are found in only half of all patients with VTE, and therefore, the 

other half occurs spontaneously. 

The term thrombophilia refers to a disorder associated with an increased tendency 

to venous thromboembolism. The first case of inherited thrombophilia was reported 

by Egeberg in 1965 in a Norwegian family with a remarkable tendency to venous 

thromboembolism, which was shown to be due to a deficiency of the physiological 

anticoagulant antithrombin 9. The next inherited thrombophilias to be discovered 

were deficiencies of protein C and protein S, two other natural anticoagulants 10,11. A 

major breakthrough in the elucidation of hereditary thrombophilia came in the years 

1993-1996 with the discoveries of resistance to activated protein C (APC resistance) 
12, usually caused by a point mutation in the gene for coagulation factor V (factor V 

Leiden) 13, mild hyperhomocysteinemia 14, the prothrombin 20210A mutation 15, and 

persistently elevated levels of coagulation factor VIII 16. Together with the deficiencies 

of the natural anticoagulants, at least one of these thrombophilias can be identified in 

approximately 60% of patients with VTE, thereby offering an explanation for a poorly 

explained disease 17. 
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Over the last decade the role of these coagulation abnormalities has also been 

studied in other vascular emergencies such as arterial vascular disease 18 and obstetric 

complications, including (recurrent) pregnancy loss, pre-ecclampsia and the HELLP 

syndrome 19,20. 

Even though our insight into the relationship between thrombophilia and vascular 

disease has increased substantially over the last years, there are still many clinically 

relevant unanswered questions. The studies described in this thesis attempt to answer 

some of these questions and provide an overview of the current practise of and insights 

into thrombophilia.

OUTLINE OF THIS THESIS

Chapter 2 presents an overview of inherited thrombophilia. It describes the 

classification, pathophysiology and prevalence of the most common thrombophilias, 

the risks of both VTE and pregnancy related vascular complications, and the potential 

clinical implications for carriers of thrombophilia.

There is a continuous debate among specialists about which patients to test for 

inherited thrombophilia and on the possible management consequences of these test 

results. There is increasing opposition to testing, and those who do, generally argue that 

patients with thrombophilia do not have an increased risk of recurrence, and therefore, 

testing is not indicated 21. Still, how often and for what indications thrombophilia 

test are ordered in daily clinical practise is not known. Chapter 3 presents the results 

of a survey that was held among Dutch physicians who ordered thrombophilia tests 

in 2,000 consecutive patients. The tests were performed in a central laboratory that 

provides specialised diagnostic facilities throughout The Netherlands and this survey 

therefore most likely reflects testing behaviour of general practitioners and specialists 

working in non-academic hospitals. 

Many patients with a first VTE are tested for inherited thrombophilia with the aim 

to provide an explanation for their disease and to identify those who may be at highest 

risk of recurrence. Experts in favour of testing claim that patients who are found to have 

a thrombophilia may have an increased risk of recurrence, and therefore, testing can 

identify those that may benefit from more aggressive treatment with respect to either 

the duration of the initial anticoagulation period or intensified prophylaxis during 

high risk episodes 22. Thus, tested patients may have a reduced risk of recurrent events 

by virtue of this more aggressive management. Chapter 4 investigates this hypothesis 

in a nested case-cohort study of the Multiple Environmental and Genetic Assessment 

of risk factors for venous thrombosis (MEGA) study. It compared the prevalence of 
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thrombophilia testing in patients with a recurrent episode (cases) to the prevalence of 

performed tests in a frequency matched control cohort. 

Chapters 5, 6 and 7 address the absolute risks of first VTE and arterial vascular 

events in asymptomatic individuals with thrombophilia. Chapter 5 describes the 

results of the first and largest prospective cohort study in asymptomatic first degree 

relatives of consecutive patients with the prothrombin 20210A mutation and either 

VTE or arterial vascular events at a young age. In this study, the absolute incidence of 

first VTE and arterial cardiovascular risk was assessed in 236 carriers and 228 non-

carriers with a total follow-up duration of over 800 years per group. 

In a similar fashion, we investigate in chapter 6 the absolute risks of becoming 

symptomatic for relatives of patients with persistently elevated levels of coagulation 

factor VIII and either VTE or arterial vascular disease. In this study, the absolute 

incidences of venous and arterial vascular events were determined for 192 relatives 

with elevated levels of factor VIII and 340 relatives with normal levels. 

Chapter 7 details a retrospective cohort study of asymptomatic relatives of patients 

with VTE or premature arterial vascular events and mild hyperhomocysteinemia. 

The annual incidence of venous and arterial vascular disease of 183 relatives with 

mild hyperhomocysteinemia, with a total follow-up duration of over 6,000 years, was 

compared to that of 295 relatives with normal homocysteine levels.

Thrombophilia does not only increase the risk of VTE, but it is also associated with 

an increased risk of (recurrent) pregnancy loss. The prognosis after a single loss for 

women with thrombophilia is currently not sufficiently clear. In recent studies, it was 

suggested that women who have experienced a pregnancy loss and carry factor V 

Leiden or the prothrombin 20210A mutation are much less likely to have a successful 

subsequent pregnancy than women without thrombophilia 23,24. In chapter 8, the 

chance of having a living child after a previous pregnancy loss for women with either 

factor V Leiden or the prothrombin 20210A mutations is studied and compared to 

that of their female relatives with a normal genotype.

Whereas the previous chapters deal with the risks and clinical implications of 

established thrombophilia, chapter 9 focuses on a novel and potentially relevant risk 

factor for VTE. A new mutation in tyrosine kinase Janus-kinase-2 (JAK2 mutation or 

JAK2V617F) was discovered in 2005 25. This acquired mutation is present in up to 97% of 

patients with polycythemia vera and in 50% of patients with essential thrombocythemia 

and idiopathic myelofibrosis 26. Since patients with these myeloproliferative disorders 

often present with VTE, we postulated that presence of the JAK2 mutation is associated 

with an increased risk of VTE. Chapter 9 is a case-control study of patients who were 

referred to the Academic Medical Center for suspicion of deep venous thrombosis 

(DVT) of the leg. Prevalence of the JAK2 mutation was determined in patients with 
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objectively confirmed DVT (cases) and compared to the prevalence of those in whom 

DVT was objectively ruled out.

The discovery of various thrombophilias has led to an enormous amount of clinical 

studies that describe the relative and absolute risks of each of these thrombophilias, 

not only in venous thromboembolism, but also in other vascular conditions such as 

(premature) atherosclerosis, and pregnancy related complications such as (recurrent) 

pregnancy loss, stillbirth, (pre-)ecclampsia, HELLP syndrome (haemolysis, elevated 

liver enzymes and low platelets) and intrauterine growth retardation. No less than 

11,000 publications can be identified through a rough search in the Medline database 

with thrombophilia, introduced as a MeSH term in 1998, as a major topic heading. 

Some of these associations have been demonstrated to be statistically significant, but 

not all are clinically relevant. Furthermore, straightforward management studies in 

asymptomatic thrombophilic subjects or patients with thrombosis and thrombophilia 

are rare, hence the recommended treatment strategies in these patients are based 

on the interpretation of studies assessing risk and the efficacy/safety ratio of various 

interventions. This thesis offers a further elucidation of the risks of the most common 

thrombophilias in various clinical settings and it speculates on the usefulness of 

management consequences. 
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