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Inn the past 5 years, the understanding of the genetic predisposition for the 
developmentt of venous thromboembolism has improved importantly. It has 
becomee clear that there is a marked interaction between genetic thrombo-
philicc abnormalities and the exposure to exogenous risk factors, such as the 
usee of estrogen-containing compounds. This thesis tries to provide some an-
swerss to the following questions: What is the clinical relevance of genetic risk 
factors?? How do these genetic abnormalities interact with exogenous risk fac-
tors?? What is the possible mechanism of disturbance of the hemostatic balance 
inn women who use oral contraceptives? 

Background d 

Venouss thromboembolism is a common disease in Western societies, with an 
incidencee of 2 to 4 per 1000 inhabitants per year1. The clinical spectrum 
rangess from deep-vein thrombosis in the leg to fatal pulmonary embolism. 
Althoughh deep-vein thrombosis can be treated adequately with anticoagulant 
therapy,, approximately half of the patients wil l develop postthrombotic com-
plaintss in the leg2, and the risk for recurrence is as high as 30% in the first 8 
years3.. Also, for pulmonary embolism, anticoagulant treatment has been 
shownn to be very effective, although the early case-fatality rate is approxi-
matelyy 1.5%\ and the risk for recurrence, most notably as a new episode of 
pulmonaryy embolism, is slightly higher than that for deep-vein thrombosis. 

Forr many decades it has been known that there are circumstances during 
whichh the risk for venous thromboembolism is increased, in particular after 
surgeryy or major trauma, and during periods of prolonged immobilization. In 
addition,, pregnancy and the post partum period, as well as the use of estro-
genss as in oral contraceptives and hormone replacement therapy, have been 
associatedd with the occurrence of venous thromboembolism. Also, the risk for 
thrombosiss increases with age, being very rare in childhood (0.05 events per 
yearr per 1000 inhabitants under the age of 20 years), and quite common in 
thee elderly (8.2 events annually per 1000 inhabitants over the age of 80 
years)1. . 

Inn the last decade, genetic risk factors predisposing for venous thrombosis 
havee increasingly been recognized. Identification of quite prevalent inherited 
abnormalitiess has given a new impulse to the unravelling of the patho-
physiologyy of venous thromboembolism. 

Untill  1993, only abnormalities in coagulation inhibitors (antithrombin, 
proteinn C, and protein S deficiency) were known as inherited thrombophilic 
defects,, and were found in only 8% of consecutive patients with venous 
thrombosis,, while the prevalence of these defects in the healthy population 
wass 2%5. Between 1993 and 1996, resistance of coagulation factor V to acti-
vatedd protein C, usually caused by a point mutation in the gene of factor V 
(FVrQ'066 mutation or factor V Leiden)6'7, mild hyperhomocysteinemia0, the 
prothrombinn 20210A mutation9, and elevated levels of coagulation factor VIII 10, 
weree identified as important thrombophilic risk factors, and at least one of 
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thesee defects can be detected in approximately 60% of consecutive patients 
withh venous thromboembolism. 

Itt has become increasingly clear that interaction between environmental 
andd genetic factors plays an important role in the clinical expression of 
thromboticc disease. In particular, the use of oral contraceptives, in combina-
tionn with an inherited thrombophilic defect, increases this risk in a multiplica-
tivee way. Since oral contraceptives are widely used, and the prevalence of 
thrombophilicc abnormalities in the normal population is relatively high, it is 
importantt to understand the potential consequences for the large group of 
healthyy women with such abnormalities, that is considering this method of 
contraception. . 

Outlinee of the thesis 

Thee first part of this thesis focusses on clinical studies about the thrombotic 
riskk in individuals with inherited thrombophilic defects, and the potential con-
sequencess for screening and prophylactic management strategies. Chapter 2 
reviewss the currently known genetic risk factors with respect to underlying 
mechanisms,, laboratory diagnosis, clinical manifestations, and management. 
Chapterr 3 extensively reviews the approach to the thrombophilic patient, with 
particularr emphasis on the dilemmas in clinical practice, not only for genetic 
riskk factors, but also for acquired thrombophilic conditions, such as active 
cancerr and the antiphospholipid syndrome. Chapter 4 describes the results of 
aa retrospective family study on the absolute risk for venous thromboembolism 
inn first degree family members of propositi with the factor V Leiden mutation. 
Thee absolute risk for venous thromboembolism in 266 factor V Leiden carriers 
iss found to be low, even in combination with exposure to environmental risk 
situations,, and does not appear to justify routine screening of all families of 
thromboticc propositi with the mutation. Chapter 5 reports the findings of the 
prospectivee follow up of 451 asymptomatic carriers of the factor V Leiden 
mutation.. Also, with this study design a low absolute risk for spontaneous 
venouss thromboembolism of approximately 0.25% per year was observed. 
Chapterr 6 compares the risk for fetal loss in women with and without the 
factorr V Leiden mutation, from the abovementioned families, and confirms a 
two-foldd increased risk in carriers of the mutation. To evaluate gene-gene in-
teractionss between the factor V Leiden mutation and other thrombophilic de-
fects,, the risk for venous thromboembolism in carriers with the factor V Lei-
denn mutation only, as compared with those who also carry the prothrombin 
20210AA mutation, was investigated and the results are described in Chapter 7. 
Conversely,, the mild protective effect with respect to the risk for venous 
thromboembolismm of a point mutation in the gene coding for factor XIII , was 
studiedd in factor V Leiden carriers, and the outcomes are detailed in Chapter 
8.. In Chapter 9, the findings of an ongoing retrospective family study in pro-
positii  with the prothrombin 20210A mutation is presented. The absolute an-
nuall  risk for venous thromboembolism in carriers of this mutation appears to 
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bee similar to that found for carriers of the factor V Leiden mutation. Finally, 
thee first part of this thesis concludes with Chapter 10, a report of an unique 
patientt with a first episode of idiopathic venous thrombosis at the age of 34 
years,, who was found to be double-homozygous for both the factor V Leiden 
mutationn and the prothrombin 20210A mutation. The family study revealed a 
varietyy of combinations of heterozygous carriership of one or both defects, 
withh a surprising absence of clinically manifest venous thromboembolism. 

Thee second part of this thesis deals with the underlying mechanisms with 
whichh oral contraceptives may contribute to an increased risk for venous 
thromboembolism.. Since the introduction of oral contraceptives in the 1960's, 
itt has been known that there is an association between its use and the occur-
rencee of venous thrombosis and pulmonary embolism". Over the years, 
modificationss of the concentrations and contents of these pills have been in-
troducedd in an attempt to reduce this risk. However, around 1995 a number 
off  epidemiological studies were published which reported that women who 
usee the newer, so-called third generation oral contraceptives, that contain ei-
therr gestodene or desogestrel, in combination with ethinylestradiol, have a 2-
too 3-fold higher thrombotic risk than women using second generation prod-
ucts12'13.. The latter contain levonorgestrel combined with the same estrogen. 
Thee findings of these studies have created an intense debate about the epi-
demiologicall  findings and the possible mechanism. It has been documented 
thatt a large number of hemostatic variables, both pro- and anticoagulant, are 
influencedd by the use of oral contraceptives. However, these changes are 
usuallyy small, occur in various directions, and have thusfar not provided a 
biologicall  explanation for the difference in thrombosis risk between the two 
generations.. In Chapter 11, based on the literature, the hypothesis is gener-
atedd that the level of estrogen-induced enhancement of fibrinolysis may be 
lesss when estrogens are combined with third generation progestagens. Later, a 
cross-overr study in healthy volunteers was designed, in which the effects of a 
levonorgestrel-containingg oral contraceptive (as representative of the second 
generation)) and a desogestrel-containing preparation (as representative of the 
thirdd generation) on a large number of coagulation and fibrinolytic variables 
aree investigated. Chapter 12 shows that use of both preparations induces an 
acquiredd resistance to activated protein C (APC), as measured with an assay 
whichh determines the effect of APC on the endogenous thrombin potential. 
Thiss effect is more pronounced with use of the desogestrel-containing oral 
contraceptive.. Chapter 13 describes the induced changes on coagulation pro-
teins,, in which it is demonstrated that in particular the increases of coagula-
tionn factors VII and II, and the decrease of coagulation factor V, is more out-
spokenn during use of desogestrel-containing oral contraceptives, as compared 
withh the levonorgestrel-containing pill . However, no difference between the 
twoo preparations in the effect on thrombin activation markers is detected. The 
effectss of the tested oral contraceptives on the fibrinolytic system are pre-
sentedd in Chapter 14. It is demonstrated that, among other observations, TAFI 
(thrombin-activatablee fibrinolysis inhibitor) levels increase on levonorgestrel, 
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andd even further on desogestrel. Also, the results of a clot lysis assay suggest 
thatt downregulation of fibrinolysis via TAFI is more pronounced during the 
usee of desogestrel -containing oral contraceptives. Finally, Chapter 15 focusses 
onn the changes in the anticoagulant pathways. The findings of the cross-over 
studyy show that total and free protein S decrease more profoundly with the 
usee of desogestrel-containing oral contraceptives, as compared with levonor-
gestrel-containingg preparations. 
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