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Stellingenn behorende bij het proefschrift 

Clinicall  and laboratory studies in genetic and acquired 
prothromboti cc states 

1.. Het absolute risico op veneuze tromboembolie bij asymptomatische dragers van 
dee factor V Leiden mutatie bedraagt 0.25% per jaar in de leeftijd van 15 tot 30 
jaar,, en loopt op tot 1.1% per jaar bij dragers ouder dan 60 jaar. (dit proefschrift) 

2.2. Vrouwen met de factor V Leiden mutatie hebben een verhoogde kans op een 
negatievee zwangerschapsuitkomst in vergelijking met hun zussen, dochters, en 
moederss zonder de mutatie, (dit proefschrift) 

3-- Het gebruik van een desogestrel-bevattende orale anticonceptiepil leidt tot een 
sterkeree daling van proteïne S en een sterkere toename van verworven resisten-
tiee tegen geactiveerd proteine C dan gebruik van een levonorgestrel-bevattend 
preparaat,, (ditproefschrift) 

4.4. De door de anticonceptiepil geïnduceerde remming van fibrinolyse is meer uit-
gesprokenn tijdens gebruik van een desogestrel-bevattend preparaat dan tijdens 
gebruikk van een levonorgestrel-bevattend oraal anticonceptivum. (dit proef-
schrift) schrift) 

5.. Gen-gen interacties beïnvloeden het risico op de klinische expressie van erfelijke 
trombofilie,, maar bieden de clinicus practicus onvoldoende houvast in het be-
palenn van profylactisch beleid bij dragers, (ditproefschrift) 

6.. Goed retrospectief onderzoek is zo slecht nog niet. 

7.. Zowel patiënten als onderzoekende dokters kunnen leiden aan tromboneurose. 

8.. Het is net zo goed mogelijk over een cohort symptomatische homozygote factor 
VV Leiden dragers te rapporteren, als over een cohort asymptomatische homozy-
goten. . 

9.. Onderzoek naar de anticonceptiepil kan leiden tot een vruchtbare (wetenschap-
pelijke!)) samenwerking. 

10.. De naam Jan predisponeert niet voor het zitting nemen in een promotiecommis-
sie,, maar is het gevolg van selectiebias. 

11.. Als de kijkcijfers van 'Big Brother' het wetenschappelijke belangstellingsgebied 
vann de Nederlandse bevolking representeren, zal een televisieserie met een pro-
movenduss in de hoofdrol hoge ogen gooien. 

12.. De uitdrukking 'het jaar 0' heeft ineens een nieuwe betekenis. 

13.. Of het nemen van een bubbelbad ongezond is, valt te bezien. 

14.. Trombosebenen tellen is een hele kunst. 

SdskiaSdskia Middeldorp, december 1999. 
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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. . 

Outlin ee 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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Thee occurrence of venous thromboembolism within certain families has been 
observedd for many decades' \ These thrombophilic families have been a great 
sourcee for gaining insight in the pathophysiologic mechanisms of venous 
thrombosis,, by recognizing different inborn abnormalities in the coagulation 
cascadee or its regulatory mechanisms that cause the tendency for venous 
thromboembolism. . 

Inn this chapter we discuss the definition of familial thrombophilia, in-
cludingg epidemiological aspects and clinical manifestations. For the estab-
lishedd abnormalities we will elaborate on pathophysiological mechanisms, 
diagnosis,, epidemiology and clinical presentation. Furthermore, we tentatively 
proposee guidelines for management and screening indications. Finally, we 
givee a short overview of the possible candidate risk factors for venous throm-
boembolism. . 

Definitio nn of thrombophili a - genetic risk factors 

Forr any abnormality to be considered a risk factor, the association between 
thee defect and a disease must be established. For venous thromboembolism 
thiss is not always easy because the disease becomes manifest episodically 
withh long asymptomatic periods in between. Furthermore, the manifestations 
mayy differ from superficial phlebitis to fatal pulmonary embolism. In inherited 
abnormalitiess leading to an increased tendency for venous thromboembolism, 
aa dose-response relationship is often found, in the sense that a homozygous 
abnormalityy leads to more frequent occurrence of venous thromboembolism 
thann the heterozygous trait. 

Thee relationship between a number of acquired conditions and venous 
thromboembolismm is well established. Examples of these conditions or situa-
tionss are surgery, trauma and immobilization, malignancy, antiphospholipid 
antibodies,, and exposure to estrogens. These acquired risk factors wil l not be 
discussedd further. 

Familiall  thrombophilia was originally defined as a tendency toward recur-
rentt venous thromboembolism, usually at a young age and in the absence of 
thee abovementioned conditions, occurring sometimes at unusual sites, and 
affectingg several members of a family. In many of these families, genetic de-
fectss have been detected that explain the thrombotic tendency. However, it is 
importantt to note that inherited prothrombotic factors have a variable clinical 
penetrancee and do not always cause familial thrombophilia. If the family his-
toryy is strongly positive for venous thromboembolism it may favor the pres-
encee of an inherited thrombophilic factor in an individual thrombosis patient. 
Onn the other hand, a negative family history is not very helpful unless the 
pedigreee is large and detailed information is available4. 

Currently,, a genetic risk factor can be detected in approximately 50% of 
patientss with a first episode of venous thromboembolism. Well-established 
geneticc risk factors for venous thromboembolism comprise deficiencies or 
functionall  abnormalities in two natural anticoagulant pathways, the anti-
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thrombin-heparinn sulphate pathway (antithrombin deficiency) and the protein 
CC pathway, in which protein S serves as a cofactor (protein C deficiency, 
proteinn S deficiency and resistance to activated protein C)3'". Hyperhomocys-
teinemiaa has been shown to be a prevalent risk factor for venous thrombo-
sis8"'1.. Although elevated homocysteine levels are shown to be familial in 
manyy patients8,10, this is often not due to well-defined genetic abnormalities12 '\ 
Furthermore,, several candidate genetic risk factors have been or are now un-
derr investigation. Table 1 summarizes both established and less well defined 
riskrisk factors for inherited or familial thrombophilia6'8"13'""31. 

TableTable 1 Riskk factors for venous thromboembolism 

Riskk factors Remarkss and key references 

WellWell established inherited risk factors 

Antithrombinn deficiency 

proteinn C deficiency 

proteinn S deficiency 

FV:Q***  mutation (APC resistance) 

Hyperhomocysteinaemia a 

hereditaryy dysfibrinogenemia 

CandidateCandidate risk factors 

Prothrombinn mutation 

thrombomodulinn mutations 

elevatedd factor VII I levels 

plasminogenn deficiency 

elevatedd histidine rich 

glycoproteinn levels 

heparinn cofactor II deficiency 

tissuee factor pathway inhibitor 

thrombinn activated fibrin inhibitor 

(TAFI) ) 

seee text 

seee text"1 

seee text" 'H 

seee text6 

seee text: multi-factorial etiology; relationship be-

tweenn identified genetic defects and thrombotic 

riskk unclear"" 

veryy rare, not discussed in text1'' 

associationn between defect and thrombotic risk 

(RR=3);; awaiting confirmation from other studies'" 

44 mutations identified; relationship with thrombotic 

riskk not firmly established21'" 

riskk factor for deep-vein thrombosis; no confirma-

tionn from other studies or reports on hereditability 

andd etiology"* 

conflictingg data of association between low 

plasminogenn levels and thrombotic risk"" 

reportss of thrombophilic families only; no case-

controll  studies to confirm relationship between 

abnormalityy and thrombotic risk 

Reportss of thrombophilic families; no confirmation 

inn case control studies27MM 

noo mutations found (Reitsma PH & Bertina R; 

unpublishedd observations) 

noo reports yet 
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Thee natural anticoagulant pathways 

Thee coagulation abnormalities that are associated with inherited thrombo-
philiaa are found in two natural anticoagulant pathways. 

InIn the antithrombin-heparin sulphate pathway, antithrombin is the primary 
inactivatorr of thrombin and factor Xa, but it also inhibits other activated co-
agulationn factors. Antithrombin forms an irreversible complex with the acti-
vatedd coagulation factors. Heparin and heparinlike proteoglycans associated 
withh the vessel wall markedly accelerate the inhibition of serine proteinases 
byy antithrombin32. 

Inn the protein C pathway, activated protein C, after complex formation 
withh free protein S, selectively inactivates cofactors Va and Villa, thereby 
regulatingg the formation of thrombin. First, protein C needs activation by 
thrombin,, a reaction which is accelerated by binding of thrombin to throm-
bomodulin,, a protein that is present on the endothelium33,34. Factor Va is inac-
tivatedd by activated protein C, with primary cleavage at Argw6, followed by 
cleavagee at Arg306 and Arg67935. 

Antithrombin,, protein C, protein S and factor V are synthesized in the liver; 
proteinn S and factor V are also present in megakaryocytes, and protein S is 
alsoo synthesized in endothelial cells and Leydig cells. The genes, coding for 
antithrombin3637,, protein C38, protein S39 and factor V10 have been completely 
elucidated. . 

Homocysteinee metabolism 

Homocysteinee is an amino acid derived from the metabolic conversion of 
methionine.. Homocysteine is either remethylized to methionine or transsulfu-
ratedd to cysteine. One remethylation pathway is catalyzed by methionine 
synthetasee and methylenetetrahydrofolate reductase, in which methyltetrahy-
drofolatee donates the methylgroup and cobalamine (vitamin Bl2) acts as a co-
factor.. The other remethylation pathway is catalyzed by betaine-homocysteine 
methyltransferase,, in which betaine is the methylgroup donor. The transsulfu-
rationn pathway to cysteine is catalyzed by cystathionine-fê-synthase and pyri-
doxinee (vitamin B^ acts as a cofactor. In plasma, homocysteine is oxidized to 
disulfidess and exists both in free and protein-bound forms. 

Typess of deficiencies 

Inn general, two types of deficiencies of antithrombin, protein C and protein S 
aree distinguished. In type I deficiency, levels of both antigen and activity are 
reduced.. In type II deficiency, antigen levels are normal, but one or more 
functionall  defects of the molecule lead to a decreased activity. 

Forr type II antithrombin and protein C deficiency, different subtypes are 
recognized,, depending on the location of the functional defect. For anti-
thrombinn type II deficiency, defects are found in the reactive site or the hepa-
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rin-bindingg site; multiple, pleiotropic defects also may be found. A database of 
mutationss in the gene coding for antithrombin is available and updated on a 
regularr basis41,42. For protein C type II deficiency, abnormalities can occur on 
sitess of substrate binding, thrombomodulin interaction, or calcium binding. A 
databasee of mutations in the gene coding for protein C is available and up-
datedd on a regular basis43,44. 

Forr protein S deficiency, three types are distinguished. In type I, total and 
freee antigen and the protein S activity are reduced. In type II, concentrations 
off  both total and free antigen are normal, but the protein S activity is reduced. 
Inn type III , total antigen is normal, but the concentrations of free antigen and 
thee protein S activity are reduced. A database of mutations in the protein S 
genee was recently published . 

Resistancee of factor Va to the proteolytic action of activated protein C (APC 
resistance)) was first described in 19936'46, and in the majority of individuals this 
resistancee is caused by a single point mutation at the first cleavage site of 
factorr Va, where Arg506 is substituted by Gin4"1. By lacking this cleavage site, 
thee inactivation of factor Va is markedly decreased" ". The mutant factor V has 
alsoo been named Factor V Leiden47. So far, the FViQ506 mutation is the only 
geneticc defect identified as a cause of resistance to activated protein C. Similar 
mutationss in the gene coding for factor VII I have not been found54. In vitro, 
APCC ratios are lower in women as compared with men, in oral contraceptive 
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userss and in pregnant women 
Hyperhomocysteinemiaa is a heterogeneous disorder, caused by both in-

heritedd and acquired conditions. Mutations in the cystathionine-fê-synthase 
genee as well as in the methylenetetrahydrofolate reductase gene have been 
reportedd to be associated with hyperhomocysteinemia13,w~62. Severe hyperho-
mocysteinemiaa (referred to as homocysteinuria) with plasma levels over 100 
(O,mol/LL is caused by homozygous deficiency of cystathionine-is-synthase in 
thee majority of cases63. A minority is caused by homozygous deficiency of 
methylenetetrahydrofolatee reductase64. Mild or moderate hyperhomocysteine-
miaa (plasma levels between 16 and 100 nmol/L) may be caused by genetic 
defectss such as heterozygous deficiency of cystathionine-fs-synthase and ho-
mozygosityy for a thermolabile mutant of methylenetetrahydrofolate reduc-
tase13,, although the relation of these genetic abnormalities to the occurrence 
off  venous thromboembolism is probably weak or absent14. More frequent 
causess of hyperhomocysteinemia are acquired deficiencies of cobalamin, fo-
latee and pyridoxine6566, as well as chronic renal insufficiency, inflammatory 
bowell  disease and medication interfering with folate or cobalamine metabo-
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Laborator yy diagnosis of familia l thrombophili a 

Too investigate the presence or absence of an inherited thrombophilic abnor-
mality,, some aspects have to be taken into consideration. 

Itt is important to time the collection of blood samples properly. Anti-
thrombinn levels are lowered by the use of heparin69, and the levels of protein 
CC and protein S are reduced by oral anticoagulants70. Furthermore, the levels 
off  antithrombin, protein C and protein S can be influenced by different ac-
quiredd conditions, for example, liver disease, disseminated intravascular co-
agulation,, and acute inflammatory events (including acute venous thrombo-
embolism)) but also by pregnancy and estrogen therapy71'74. 

Laboratoryy testing for antithrombin, protein C and protein S deficiency, as 
welll  as for APC resistance, should be performed when the patient is not 
treatedd with anticoagulant drugs and preferably some time after the acute 
thromboticc event. When a test result is abnormal, it is important to confirm 
thee finding in an independent sample before diagnosing a patient as having a 
deficiencyy (of antithrombin, protein C or protein S) and to confirm APC resis-
tancee by DNA testing for the FVrQ^06 mutation (because there is no complete 
concordancee between APC resistance and the FViQ^16 mutation). Furthermore, 
familyy studies may be indicated to confirm the hereditary nature, especially 
forr the anticoagulant factor deficiencies. 

Homocysteinee is measured in plasma after an overnight fast. Measurement 
66 to 8 hours after a methionine load of 0.1 mg/kg bodyweight, while the pa-
tientt is on a low-protein diet, is indicated to gain optimal sensitivity,0'7V77. 
However,, the nuissant low-protein diet appears not to be necessary78. Methio-
nine-loadingg is contraindicated in individuals who are suspected to have the 
severee form of homocysteinuria, which is rare. 

Forr the diversity of assays and methods that are available for testing the 
differentt abnormalities of familial thrombophilia we refer the reader to recent 
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reviews s 

Clinicall  manifestations 

DeficienciesDeficiencies of antithrombin, protein C, and protein S and the FV.Q506 muta-
tion tion 
Inn heterozygous individuals with a deficiency of antithrombin, protein C or 
proteinn S and in heterozygous carriers of the FViQ506 mutation, the usual 
manifestationss are venous thrombosis of the lower limbs or pulmonary embo-
lism.. However, venous manifestations range from superficial thrombophlebitis 
too thrombosis at unusual sites, such as in the arm or mesenterial veins. In 
general,, it is thought that heterozygosity for the FViQ506 mutation has a lower 
tendencyy toward venous thromboembolism than the classical anticoagulant 
deficiencies,, although this is based on a limited number of studies82,83. There is 
debatee whether recurrent venous thromboembolism occurs more frequently in 
carrierss of this mutation, as compared with non-carriers**'87. In Table 2 we 
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summarizee estimated annual incidences for first and recurrent episodes of 
venouss thromboembolism for the different abnormalities1^86'8894. 

TableTable 2 Estimated annual incidence of a first episode and recurrent epi-
sodee of venous thromboembolism above the age of 15 years 

typee of deficiency 

generall  population*"*1"" 

antithrombin'™1"92 2 

proteinn C 
... . p i 5.911-92 

proteinn S 
FV-.Q™FV-.Q™ mutation93* 

firstfirst episode (%) 

0.16 6 

3 3 

3 3 

3 3 

0.5-1.9 9 

recurrentt episode (%) 

2-4 4 

6 6 

6 6 

6 6 

5-10 0 

Itt is important to emphasize that these hereditary thrombophilic defects are 
nott associated with an increased risk of arterial thrombosis83'92,95,96. The rare 
exceptionn to this rule is provided by two patients, homozygous for type I an-
tithrombinn deficiency97. 

Homozygouss protein C and protein S deficiency are associated with neo-
natall  purpura fulminans, shortly after birth98,99, and adult patients are prone to 
skinn necrosis, after the initiation of coumarin therapy100'1U2. 

Itt was recently reported that women with antithrombin, protein C or pro-
teinn S deficiency or heterozygosity for the FV:Q506 mutation have a somewhat 
higherr risk of fetal loss than women without these abnormalities, possibly due 
too placental thromboembolic disease103'104. 

Hyperhomocysteinemia Hyperhomocysteinemia 
Severee hyperhomocysteinemia or homocystinuria caused by either homo-

zygouss cystathionine-13-synthase deficiency or, less frequenty, homozygous 
deficiencyy of methylenetetrahydrofolate reductase, leads to a clinical picture 
off  skeletal abnormalities (Marfan-like stature), ectopic lens, mental retardation 
andd severe premature arterial and venous thromboembolism63". These find-
ingss have led to several studies concerning mild forms of hyperhomocys-
teinemia.. It appears that this condition is also associated with both premature 
venouss and arterial venous thromboembolism811. The venous thromboembolic 
manifestationss do not differ from those occurring in other thrombophilic de-
fects. . 

Generall  epidemiological considerations: prevalence and thromboti c 
risk k 

Venouss thromboembolism is a frequent disease in the general population, 
withh an annual incidence of one to two per 1000 in Western populations*. Its 
incidencee increases with age from approximately 0.05 per 1000 person years 
inn adolescents to circa 8 per 1000 in individuals over 80 years of age88. 
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Ass can be expected, the reported prevalences of inherited coagulopathies de-
pendd a great deal on the selection of the patients for the study population. 
Thee first data on familial thrombophilia were derived from families that were 
selectedd because of a severe tendency for venous thromboembolism, as well 
ass from individual patients with thrombosis at a very young age or with sev-
erall  recurrent episodes. In these studies, family members with and without the 
geneticc defect were compared with respect to the occurrence of venous 
thromboembolism,, usually excluding the propositus from the analysis. These 
studiess provide us with disease-free survival curves and give some idea of the 
life-timee thrombotic risk of individuals, albeit selected, from thrombophilic 
families.. Another frequently used approach is the case-control analysis, in 
whichh patients with a history of venous thromboembolism are compared to 
healthy,, population-derived controls. These studies render an odds ratio for 
thee occurrence of venous thromboembolism in carriers of a thrombophilic 
defect,, as compared with healthy controls. Neither the family studies nor the 
case-controll  studies give an estimate of the absolute incidence of venous 
thromboembolismm in carriers of a thrombophilic defect in the general popula-
tion.. These incidence figures are much needed, but we await the results of 
long-termm follow-up studies in unselected individuals. Despite the abovemen-
tionedd uncertainties, Table 2 summarizes the presently known estimates of 
absolutee annual incidences of first and recurrent episodes of venous throm-
boembolismm in the different types of thrombophilia. 

AA first episode of venous thromboembolism appears to be a risk factor for 
aa recurrent episode89, so that it is important to know whether the individuals 
studiedd were symptomatic or asymptomatic carriers of a defect. 

Thee first three known causes of familial thrombophilia - antithrombin, 
proteinn C and protein S deficiency - could only be detected in 8% of unse-
lectedd thrombosis patients, whereas it occurred in 2% of control patients with-
outt thrombosis105. Resistance of factor V to activated protein C, caused by the 
FViQ5066 mutation, is found in approximately 20% of unselected thrombosis 
patientss and in up to 50% of patients selected for (familial) thrombophilia75182. 
Hyperhomocysteinemiaa is found in approximately 20% of patients with ve-
nouss thromboembolism8"11. 

Increasingly,, combined thrombophilic defects are recognized, especially 
withh the relatively prevalent FViQ506 mutation, and these appear to be associ-
atedd with a more severe tendency for venous thromboembolism1 m. 

AntithrombinAntithrombin deficiency 
Thee prevalence of antithrombin deficiency is estimated to be approximately 
0.3%% in the general population116'117 and 1 to 5% in patients with venous throm-
boembolism105118.. Data on the risk of venous thromboembolism are based on 
familyy studies. Antithrombin deficiency appears to carry a greater risk for the 
occurrencee of venous thromboembolism than the other established inherited 
riskk factors, especially during pregnancy and the puerperium92119, although the 
reasonn for the difference has not been elucidated. It has been estimated that 
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approximatelyy half of the deficient members of reported families experience a 
firstt episode of venous thromboembolism by the age of 2515'91, but it should be 
realisedd that these figures were found in selected, thrombophilic families. Al-
thoughh some members of thrombophilic families with antithrombin deficiency 
havee died from fatal venous thromboembolism, historic pedigree analysis has 
nott shown any excess overall mortality as compared with the general popula-

120.121 1 

tion n 

ProteinProtein C deficiency 
Thee prevalence of protein C deficiency is estimated to be approximately 0.5% 
inn the general population12212\ In cohorts of unselected thrombosis patients 
thee prevalence of protein C was found to be between 3 and 5%105m. Studies of 
selectedd families have shown that heterozygous individuals have a 50% 
chancee of experiencing a first venous thromboembolic event by the age of 
45'591.. In population-based case-control studies, the relative risk for the occur-
rencee of a first episode of venous thromboembolism is estimated to be be-
tweenn 8 and ll15'126. Historic pedigree analyses did not show any excess in 
totall  mortality in patients with protein C deficiency127. 

ProteinProtein S deficiency 
Forr the general population, the prevalence of protein S deficiency is not 
known.. In cohorts of unselected thrombosis patients the prevalence of protein 
SS deficiency is found to be circa 2%10S128. The relative risk for venous thrombo-
embolismm is estimated to be approximately 1015. There are no data available 
onn a possible excess mortality in individuals with protein S deficiency, but 
consideringg the findings in protein C and antithrombin deficiency, excess 
overalll  mortality is unlikely. 

FactorFactor V.-Q™ mutation 
Thee prevalence of the FV:Q506 mutation is high in the general population and 
iss estimated to be between 2 and 10% in the Western world82-83,129. In cohorts of 
unselectedd patients with venous thrombosis, the prevalence of the FV:Q506 

mutationn is approximately 20%, and up to 50% in selected patients78283. It is 
thee most frequent genetic risk factor for venous thromboembolism that is 
knownn at this moment. The risk for venous thromboembolism seems to be 
lowerr than in antithrombin, protein C and protein S deficiency. A study that 
combinedd members from thrombophilic families and consecutive patients with 
thrombosiss has shown that heterozygous individuals have a 25% chance of 
experiencingg a first venous thromboembolic event by the age of 507. In 
population-basedd case-control studies, the relative risk for the occurrence of a 
firstt episode of venous thromboembolism in heterozygous carriers was esti-
matedd to be between 3 and 7mi. Curiously, a study of unselected patients 
presentingg with symptoms of pulmonary embolism did not find a different 
prevalencee of APC resistance in patients with and without an objective diag-
nosiss of pulmonary embolism130, which is not understood. The relative risk of 
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venouss thrombosis in homozygous individuals is estimated to be approxi-
matelyy 10-fold higher than in heterozygous carriers, and about 90-fold higher 
thann in individuals without the FViQ506 mutation131. However, homozygosity for 
thee FV^Q506 mutation has a variable clinical penetrance and does not seem to 
leadd to the severe thrombotic syndrome seen in homozygous protein C or 
proteinn S deficiency132. 

HyperhomocysteinemHyperhomocysteinem ia 
Homocysteinuriaa or severe hyperhomocysteinemia is a rare disease with an 
estimatedd prevalence between 1:200,000 and 1:335,000. It is estimated that 
50%% of patients experience a first episode of venous or arterial thromboem-
bolismm (or both) before the age of 3063'64. 

Thee prevalence of mild and moderate hyperhomocysteinemia is estimated 
too be approximately 5% in the general population. It was first noticed that the 
prevalencee of hyperhomocysteinemia in young selected patients with venous 
thromboembolismm was relatively high (between 10 and 20%)8'10, which was 
laterr confirmed in unselected thrombosis patients9'11. As yet, no data are avail-
ablee on the thrombosis-free survival of individuals with hyperhomocys-
teinemia,, or on recurrence rates. The clinical relevance of the identified en-
zymee defects leading to hyperhomocysteinemia with respect to the risk for 
venouss thromboembolism is uncertain14. 

Guideliness for  management 

Prophylaxiss of venous thromboembolism in relation wit h concomitant 
riskk factors 

GeneralGeneral considerations 
Thuss far, only coumarin derivates are available for long-term anticoagulant 
prophylaxis.. This seems to be highly effective in all genetic thrombophilic 
abnormalities92'133,, even though, interestingly, it aggravates the deficiency of 
proteinn C and protein S. Coumarin treatment is associated with a risk of 
bleeding.. The incidence of major bleeding is found to be between 2 and 10% 
perr treatment-year, with fatal bleedings of approximately 0.5% per treatment-
year,, depending on the intensity of anticoagulation, age and other underlying 
d 134-137 7 

ïseases s 
Inn order to balance the risks and benefits of anticoagulant prophylaxis, 

informationn on the thrombotic risk with its associated morbidity and mortality 
inn carriers of the different abnormalities is necessary. In the next paragraphs 
wee wil l discuss some considerations that are helpful in clinical decision mak-
ing.. Since appropriate data are frequently lacking, the management of a 
thrombophilicc patient should be guided by common sense, allowing for indi-
viduall  judgment of the risk of venous thromboembolism in a particular per-
son.. Different risk factors for venous thromboembolism - proven previous 
episodee of thrombosis, acquired prothrombotic states, combined inherited 
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defects,, or homozygosity for one defect - combined in one patient seem to 
calll  for a more vigorous prophylactic approach, even though clinical studies 
aree not available. 

Asymptomaticc carrier s 

LifelongLifelong prophylaxis? 
Inn asymptomatic individuals with an inherited thrombophilic defect, antico-
agulantt prophylaxis of venous thromboembolism could be considered. These 
individualss are usually identified through family screening of a known pro-
bandd who experienced a thromboembolic episode. 

However,, it should be noted that approximately half of the episodes of 
venouss thromboembolism in carriers of thrombophilic defects occur sponta-
neously8894.. The annual incidence of a first episode of venous thromboembo-
lismm in individuals with antithrombin, protein C or protein S deficiency is ap-
proximatelyy 3% (Table 2)"'90, which appears to be lower than or equal to the 
bleedingg risks of long-term anticoagulant prophylaxis. In carriers of the 
FV:Q5066 mutation the annual incidence of venous thromboembolism is esti-
matedd to be between 0.5% and 0.9%93'*. Therefore, lifelong coumarin prophy-
laxiss in all asymptomatic individuals with this defect would do more harm 
thann good. 

ProphylaxisProphylaxis during high risk situations? 
Anticoagulantt prophylaxis during high-risk situations, such as surgery, preg-
nancy,, and the puerperium, would theoretically prevent approximately half of 
thee episodes of venous thromboembolism in carriers of a hereditary throm-
bophilicc defect. 

PerioperativePerioperative prophylaxis 
Theree are several reports on the risk of thromboembolic complications fol-
lowingg surgery in subjects with antithrombin, protein C, protein S deficiency 
(approximatelyy 30%), but it should be noted that available studies often in-
cludedd patients with previous episodes of venous thromboembolism, and 
differentt perioperative prophylactic regimens were used90"92,3K. Therefore, one 
shouldd be cautious in extrapolating these study results to thromboembolic 
riskss for asymptomatic carriers. Oral anticoagulant prophylaxis or therapeutic 
dosagess of (low molecular weight) heparin during surgery or immobilization 
iss often given to asymptomatic individuals with known antithrombin, protein 
CC or protein S deficiency. Retrospective studies have shown that this strategy 
iss highly effective in preventing venous thromboembolism in carriers of 
thrombophilicc defects92. However, no large prospective studies are available 
thatt have balanced the risks and benefits of such an approach. In one pro-
spectivee study, the nowadays routine administration of a prophylactic dose of 
loww molecular weight heparin perioperatively appeared to be as effective in 
preventingg perioperative venous thromboembolism, although the number of 
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patientss studied was small90. The optimal prophylactic strategy in asympto-
maticc carriers of the FVrQ506 mutation is unknown. One retrospective study 
reportedd a low risk of perioperative venous thromboembolism (4% of re-
portedd episodes of surgery or immobilization, partly using standard thrombo-
prophylaxis)) in asymptomatic carriers of the FViQ506 mutation94. 

Forr practical purposes, we suggest using the same approach in known 
asymptomaticc carriers of the different types of thrombophilia. During surgery 
andd strict immobilization, we propose using standard anticoagulant prophy-
laxiss with low molecular weight heparin. 

ProphylaxisProphylaxis in pregnancy and puerperium 
Thee risk of venous thromboembolism related to pregnancy in women with 
antithrombinn deficiency was reported to vary between 12 and 48% per preg-
nancy;; in protein C deficiency the reported risk varies between 2 and 20%, in 
womenn with protein S deficiency it is estimated to be \A°/o°m'w; and in 
womenn with the FViQ506 mutation and a history of thrombosis the risk is re-
portedd to be as high as 28%142. However, a study of asymptomatic carriers of 
thee FViQ506 mutation only showed a frequency of venous thromboembolism in 
2%% of the pregnancies94, illustrating the disadvantages of studies in selected 
patientt groups. Most of the pregnancy-related episodes of venous thrombo-
embolismm occur during the puerperium or third trimester94'141. 

Again,, we suggest using the same approach in known asymptomatic carri-
erss of the different types of thrombophilia. For known carriers of thrombo-
philicc defects, we propose installing prophylaxis with coumarin during the 6 
weekss postpartum, and consider the use of low molecular weight heparin 
duringg the third trimester141. However, these guidelines are subject to debate 
duee to the lack of clinical management studies. Therefore, an approach of 
'watchfull  waiting' also seems to be justified. This strategy consists of periodic 
ultrasoundd imaging of the leg veins to detect deep-vein thrombosis early and 
carefull  instruction of the patient to seek immediate medical assistance when 
symptomss of venous thromboembolism occur. The prophylactic approach of 
choicee can be made based on balancing the nuissance of anticoagulant pro-
phylaxiss and the fear of thrombosis or embolism individually. It is clear that 
furtherr studies in this area are urgently needed. 

UseUse of oral contraceptives 
Thee use of oral contraceptives increases the risk of venous thromboembolism, 
andd it has been shown that this is also the case in women with inherited 
thrombophilicc defects, particularly in women with antithrombin deficiency or 
thee FViQ506 mutation'43'144. There is debate whether this should lead to denying 
asymptomaticc carriers oral contraceptives, because the absolute risk for ve-
nouss thromboembolism is low145'146. 
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Symptomaticc carrier s 

Carrierss of thrombophilic defects who have experienced one or more epi-
sode(s)) of venous thromboembolism have a high risk for recurrence (Table 
2).. No studies are available on the optimal duration of anticoagulant therapy 
afterr a first episode of thrombosis, although it is known that a longer duration 
off  anticoagulants reduces the recurrence rate in patients with previous throm-
bosis147148.. This might be particularly true for individuals with an inherited 
thrombophilicc defect, for the recurrence rates in these patients appear to be 
higher"*"'49.. Large trials to assess the optimal benefit risk ratio in the duration 
off  anticoagulation treatment are warranted. After a second or third episode of 
thrombosis,, many clinicians decide to treat their thrombophilic patients life-
long,, although it is unsure whether the considerable bleeding risks of antico-
agulantss outweigh the risk for recurrent venous thromboembolism. 

Inn thrombophilic patients with a previous episode of venous thromboem-
bolism,, adequate prophylaxis during subsequent high-risk situations is neces-
sary.. However, the selected regimen should take into account the circum-
stancess under which the earlier thrombosis occurred, as well as its severity. A 
choicee can be made from a prophylactic dosage of low molecular weight 
heparinn up to therapeutic heparin or coumarin dosages. During pregnancy, it 
iss important to note that coumarins are potentially teratogenic150'^ and should 
bee replaced by (low molecular weight) heparin at least during the first tri-
mesterr and four weeks before delivery15115\ 

Althoughh no studies on recurrence rates during oral contraceptive use are 
available,, it is generally accepted that in women who have experienced 
thrombosis,, alternative methods of contraception are preferred. This is espe-
ciallyy the case when starting with the pill was the trigger for the thrombotic 
episodee (within the first 6 months). It should be emphasized that oral contra-
ceptivess are indicated, not contraindicated, in women who are using long 
termm anticoagulation. First, the teratogenicity of coumarins calls for adequate 
contraceptionn and second, the protective effect of coumarins against thrombo-
siss effectively abolishes the prothrombotic effect of the contraceptives. 

Managementt  of hyperhomocysteinemia 

Sincee mild hyperhomocysteinemia has been identified only recently as a risk 
factorr for venous thromboembolism, hardly any data on how to manage this 
disorderr are available. Supplementation of vitamins such as folic acid and 
pyridoxine,, but also cobalamin, lowers the elevated plasma homocysteine 
level,, irrespective of the inititial vitamin levels156. It is unknown whether this 
treatmentt decreases the thrombotic risk in individuals with mild hyperhomo-
cysteinemia,, but it is generally recommended in patients with hyperhomo-
cysteinemiaa who have experienced venous thrombosis. Although no particular 
combinationn of vitamin supplement therapy has proved to be more effective 
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thann the other, the usual recommendation is to supply folic acid and, if no 
decreasee of homocysteine levels is observed, to add pyridoxine. 

Thee incidence of first or recurrent episodes of venous thromboembolism in 
individualss with mild or moderate hyperhomocysteinemia is unknown, as is 
itss relation with concomitant high-risk situations. Therefore, we suggest to use 
standardd prophylaxis perioperatively. There is no evidence to promote throm-
boprophylaxiss during pregnancy or puerperium in women with hyperhomo-
cysteinemia. . 

Acutee episodes of venous thromboembolism 

Ass for all patients, a clinically suspected episode of venous thromboembolism 
shouldd be confirmed by objective diagnostic methods. In case of deep-vein 
thrombosiss of the lower extremities, compression ultrasound or venography 
aree indicated, and in case of suspected pulmonary embolism, a ventilation-
perfusionn scan (followed by pulmonary angiography when the ventilation-
perfusionn scan is inconclusive) should be performed'". 

InIn general, treatment of acute thromboembolic events is the same for pa-
tientss with as for patients without a genetic thrombophilic defect. Initial ther-
apyy consists of intravenously administered heparin or low-molecular weight 
heparinn given subcutaneous^1** . Heparin therapy should be maintained for a 
minimumm of 5 days and can be stopped after the prothrombin time is within 
thee target range (International Normalized Ratio [INR] between 2.0 and 3.0). 
Orall  anticoagulants can be safely commenced within the first 24 hours15Hlw. 

Thrombolyticc therapy should only be considered in patients with massive, 
life-threateningg pulmonary embolism. 

Inn antithrombin deficient patients, replacement therapy with antithrombin 
concentratess is not more effective than standard therapy with heparin and 
coumarin160.. In our opinion, replacement therapy with antithrombin concen-
tratess is hardly ever indicated. 

Inn protein C deficiency, skin necrosis after installment of coumarin therapy 
iss a rare but potentially serious complication100002'1 '. If a patient with venous 
thromboembolismm is known or highly suspected to be protein C deficient, 
coumarinss should not be started until the patient is fully heparinized. The 
dosee of coumarin should be started without the usual loading dose and in-
creasedd gradually until the INR is in the therapeutic range162. When a patient 
startedd with oral anticoagulants develops skin necrosis, discontinuation of the 
coumarinn is immediately warranted, vitamin K should be administered and 
therapeuticc heparinization should be installed. If the skin necrosis shows to 
bee progressive despite these measures, the administration of protein C con-
centratee should be considered. In patients with protein C deficiency and a 
historyy of coumarin induced skin necrosis, succesfull treatment with protein C 
concentratee or fresh frozen plasma appears to provide protection against re-
currentt skin necrosis until a stable level of anticoagulation is achieved1 '. 
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Inn homozygous protein C deficiency, the occurrence of neonatal purpura ful-
minanss has been reported. Treatment with either fresh frozen plasma or pro-
teinn C concentrate needs to be installed until the purpura heal. Long-term 
coumarinn treatment or protein C replacement therapy is necessary in these 
children163. . 

Screeningg for  inherited thrombophili a 

Shouldd all patients with an acute episode of venous thromboembolism be 
screenedd for an inherited thrombophilic defect? Because venous thromboem-
bolismm is a common disease, this would have a large impact on the commu-
nityy resources. The purpose of screening thrombosis patients for inherited 
defectss would be to modify prophylaxis in identified carriers because as yet 
theree is no evidence that treatment of acute events should differ. 

Therefore,, it is generally recommended that some index of suspicion for a 
patientt to have an inherited thrombophilic defect should be present before 
testingg is initiated, for example: a positive family history (but this instrument 
shouldd be used critically)4, a first episode at a young age (under 45 years of 
age),, recurrent episodes, life-threatening thromboembolism, or thrombosis at 
unusuall  sites. When acquired conditions predisposing to venous thromboem-
bolismm were present at the time of diagnosis, further investigation is generally 
nott warranted. The FViQ*16 mutation, which of course is more prevalent than 
thee classical coagulation inhibitor defects, has been shown to be related to 
primaryy venous thromboembolism at older age as welf2HVJJ. 

Whenn an inherited defect in a proband is diagnosed, usually family 
screeningg is recommended to identify asymptomatic carriers who might bene-
fitt from prophylaxis of venous thrombosis during high risk situations. How-
ever,, whether this is always necessary, especially with the FViQ506 mutation, is 
subjectt to investigation and debate91. It should be noted that for asymptomatic 
individualss the knowledge of carrying an inherited defect, which has no direct 
clinicall  consequences, may induce psychological stress as well as problems 
withh obtaining insurances and social security benefits. 

Otherr  candidate risk factors 

Several,, sometimes genetic, abnormalities are possibly associated with an in-
creasedd risk of venous thromboembolism. However, firm evidence is lacking 
orr reports are premature with respect to the number of observed patients. 

AA recently described mutation in the prothrombin gene, which leads to 
increasedd levels of prothrombin, was reported to be a relatively prevalent risk 
factorr for venous thromboembolism20, and needs confirmation by other stud-
ies.. We have summarized our views on each of these candidate risk factors in 
Tablee l™\ 
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Conclusion n 

Manyy aspects of inherited thrombophilia are still uncertain. There is a need 
forr more precise estimates of the risk for venous thromboembolism in unse-
lectedd individuals with genetic abnormalities, as well as the risk for recurrent 
thromboembolismm in these patients. Large clinical trials are warranted to as-
sesss the optimal balance between the benefits and hazards of anticoagulant 
treatmentt in symptomatic individuals. Especially for the newly elucidated and 
prevalentt FViQ506 mutation, this should lead to valuable tools in clinical deci-
sion-makingg when confronted with a patient with venous thromboembolism 
andd an inherited thrombophilic defect, with respect to management, screening 
andd counseling. For hyperhomocysteinemia, clinical trials with vitamin sup-
pletionn to study outcome are indicated. 

Onee of the major challenges for the future is to find new genetically de-
terminedd risk factors. Finally, there is still a need for more sophisticated anti-
coagulantt drugs that do not have the serious side effects of bleeding. Until 
then,, it should become clear whether less intensive anticoagulation with 
lowerr INRs is still effective in preventing recurrent thromboembolism with 
lowerr bleeding risks. 
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Introductio n n 

Thee term thrombophilia was introduced by Egeberg in 1965 to describe a ten-
dencyy to venous thrombosis in a Norwegian family that was subsequently 
shownn to have antithrombin deficiency'. Since then, the definition of throm-
bophiliaa has been broadened to include any disorder associated with an in-
creasedd tendency to venous thromboembolism, either inherited or acquired. 

Thrombophiliaa is usually diagnosed on clinical grounds in patients who 
presentt with one or more of the features that are listed in Table 1. Of these, 
thee most important are thrombosis at a young age (although a first thrombo-
embolicc event later in life can be a manifestation of thrombophilia) , recurrent 
thrombosis,, a family history of thrombosis, and thrombosis in an unusual site. 
Carrierss of some inherited thrombophilic defects are prone to other throm-
boticc complications such as vitamin K antagonists-induced skin necrosis and 
neonatall  purpura fulminans (both rare). In addition women with certain in-
heritedd thrombophilic abnormalities have an increased risk of pregnancy loss, 
pre-eclampsiaa and the HELLP syndrome, while some acquired thrombophilic 
conditionss are also associated with recurrent pregnancy loss. The spectrum of 
clinicall  manifestations of thrombophilia can range from a mild to moderate 
increasedd tendency to venous thrombosis, which is easily controlled by anti-
coagulantt therapy, to progressive and intractable venous thromboembolism 
thatt is resistant to all forms of anticoagulant therapy. Fortunately, the former 
manifestationss of thrombophilia are much more common than the latter. 

InIn last decade a number of new and relatively common genetic abnor-
malitiess that are associated with venous thromboembolism have been recog-
nized. . 

TableTable 1 Clinical manifestations of thrombophilia 

Venouss thromboembolism at a young age 

Recurrentt venous thromboembolism 

Familyy history of venous thromboembolism (inherited thrombophilic defects) 

Thrombosiss in an unusual site (cerebral sinuses, mesenterial, portal) 

Recurrentt fetal loss 

Preecclampsia,, HELLP-syndrome 

Vitaminn K antagonists-induced skin necrosis (protein C and protein S deficiency, prothrombin 

20210AA mutation) 

Neonatall  purpura fulminans (homozygous protein C deficiency) 

Heparinn resistance (severe antithrombin deficiency) 
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Inherite dd and acquired conditions associated wit h venous thromboem-
bolism m 

Thee inherited abnormalities known to be associated with an increased ten-
dencyy to venous thromboembolism are deficiencies of antithrombin, protein 
C,, and protein S, resistance to activated protein C (which is most often caused 
byy a point mutation in the gene of factor V [factor V Leiden, FV:Q506 or factor 
VV 1691G1), and a point mutation in the prothrombin gene (prothrombin 
20210A)) (Table 2). Mild hyperhomocysteinemia has also been recognized as a 
causee of both venous thromboembolism and atherosclerosis. Although mild 
hyperhomocysteinemiaa often occurs within families, thus far no direct asso-
ciationn between venous thromboembolism and specific mutations that cause 
hyperhomocysteinemiaa has been reported. Elevated levels of coagulation 
factorr VII I have also been associated with an increased risk of venous throm-
boembolism.. Although the cause of the elevation in factor VII I is unclear, it 
appearss that factor VII I levels are in part determined genetically. 

Acquiredd disorders thrombophilic disorders include: antiphospholipid anti-
bodiess (lupus anticoagulant and anticardiolipin antibodies) and cancer. Other 
causess of acquired thrombophilia are heparin-induced thrombocytopenia 
(HIT),, Behcet's disease and active inflammatory bowel disease. In addition, 
previouss venous thrombosis is a risk factor for recurrent thrombosis. In this 
revieww we have not included reversible or potentially avoidable causes, such 
ass surgery, immobilisation, pregnancy, or the use of oral contraceptives or 
hormonee replacement therapy, in our definition of acquired thrombophilia. 

Tablee 2 lists all abnormalities that have been reported to be associated 
withh venous thromboembolism, but for which the evidence is equivocal, in 
somee cases because: 1) only small numbers of subjects have been studied, 
(forr example plasminogen deficiency, increased levels of histidin-rich glyco-
protein,, and decreased fibrinolysis due to either decreased tissue plasminogen 
activatorr release or increased plasminogen activator inhibitors2, inflammatory 
bowell  disease, or Behcet disease); 2) because the data are conflicting (factor 
XIII  deficiency3,4), or 3) because the potential cause is currently under investi-
gationn or are awaiting confirmation by larger studies (thrombomodulin muta-
tions56). . 



ApproachApproach to the thrombophilia patient 39 9 

TableTable 2 Causes of thrombophilia 

Inheritedd (or partially familial) Acquired condit ions associated with venous 

causess of thrombophil ia thromboembol ism 

ProvenProven association Proven association 

Antithrombinn deficiency Antiphospholipid antibodies (lupus anticoagulant) 

Proteinn C deficiency Malignancy 

Proteinn S deficiency Heparin-induced thrombocytopenia (HIT) 

Factorr V Leiden (APC resistance) 

Hyperhomocysteinemia a 

Prothrombinn 20210A mutation 

Elevatedd factor VII I levels (etiology to be 

determined) ) 

Dysfibrinogenemiaa (rare) 

AssociationAssociation not proven or under investigation Association not proven or under investigation 

Plasminogenn deficiency Active inflammatory bowel disease 

Increasedd histidin-rich glycoprotein Behcet's disease 

Decreasedd fibrinolysis (decreased tissue 

plasminogenn activator release or increased 

plasminogenn activator inhibitors) 

Thrombomodulinn mutations 

Factorr XII deficiency 

Prevalencee of thrombophili a 

Currently,, more than half of the patients with clinical features of thrombo-
philiaa have a detectable disorder. The reported prevalence of thrombophilia 
variess among different populations of patients with venous thromboembolism; 
itt is lowest in unselected populations of consecutive patients with docu-
mentedd venous thromboembolism and highest when patients are referred to 
specializedd laboratories for screening studies because of a suggestive personal 
orr familial history of thrombophilia (Tables 3 and 4). Furthermore, the re-
portedd prevalence of the factor V Leiden and the prothrombin 20210A muta-
tionn varies in its geographical distribution. The reported prevalence of protein 
CC and S deficiency can be influenced by the different laboratory definitions 
used,, whereas the reported prevalence of hyperhomocystenemia by the dif-
ferentt testing conditions used (fasting only or post-methionine-loading). 

Thee prevalence of protein C and antithrombin deficiency in the general 
populationn has been studied by mass screening of blood donors7'9. The re-
portedd prevalence of protein C deficiency was between 1:200 and 1:500 and 
off  antithrombin deficiency was between 1:200 and 1:400. The prevalence of 
thee factor V Leiden mutation varies considerably world-wide and is found to 
bee between 2:100 and 7:100 in European populations, but much lower in 
Asians,, native Americans and Africans'011. The same applies for the prothrom-
binn mutation, the prevalence of which varies between 2:100 and 3:100 in 
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Europeann populations, but is much lower in individuals of Asian or African 
descent1213. . 

TableTable 3 Prevalence of thrombophilia in consecutive patients with a 
historyy of thrombosis 
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TableTable 4 Prevalence of inherited thrombophilic defects in selected patients 
withh a history of thrombosis 

Gladson"" " 

Ben-tal'65 5 

Falcon"' ' 

Fermo67 7 

Denn Heijer"' 

Poort'* * 

O'Donnelf f 

Schattner167 7 

Kraaijenhagen162 2 

.55 £ 

JZJZ V 
22 !^ 

<< -s 
3.0 0 

7.5 5 

--
--
--
--
--

3.3 3 

--

.ss E? 
oo .a 

0J J 

4.0 0 

5.6 6 

--
--
--
--
--

3.3 3 

--

.ss 5-
uu c 
66 -«J 

5.0 0 

2.8 8 

--
--
--
--
--

3.3 3 

--

^ ^ 
V V 

-a -a 

> > 
0 0 

U. . 

D D 
c c 

52 2 
"(0 0 

U U 

< < 

--
--
--
--
--
--
--
28 8 

--

&&  ™ 

--
--
--
--
--
18 8 

--
--
--

crt t 

££ £ 

KK  H 
i i 

--
--

18.8 8 

13.1 1 

25 5 

--
--
--

26.7 7 

00 o 

DD > 
WW — 

--
--
--
--
--
--

17.3 3 

--
56.7 7 

^ vv <L> 

t-- a 
a a 

12 2 

16 6 

--
--
--
--
--
38 8 

73 3 

Establishingg a tru e association between a laboratory abnormalit y and 
thrombophili a a 

Venouss thrombosis is a common disorder and therefore, associations with 
otherr conditions, both rare and common, are seen in clinical practice. Many of 
thee observed associations occur by chance. Some, however, are true associa-
tionss that may be causal (ie, predispose to thrombosis), may be a marker of 
hypercoagulability,, or may occur as a consequence of thrombosis. The likeli-
hoodd that a true association is causal is increased if there is biologic plausibil-
ityy (eg, evidence that the putative defect causes thrombosis in experimental 
animals)) and specificity (ie, the putative abnormality does not produce other 
nonthromboticc effects that in themselves could lead to thrombosis through 
otherr means (eg, bed rest or hypercoagulability). Causation is proved if cor-
rectionn of the defect (eg, antithrombin deficiency or protein C deficiency for 
venouss thrombosis) lowers the risk of thrombosis. The biologic and epide-
miologicc considerations for the association of the different inherited and ac-
quiredd thrombophilic defects with venous thromboembolism are summarized 
inn Table 5. Causal associations in which the hemostatic abnormality is respon-
siblee for or contributes to thrombosis are particularly important because cor-
rectionn of the abnormality has the potential to reverse the thrombotic risk (eg, 
inn antithrombin or protein C deficiency), albeit it may not be the treatment of 
choice. . 

AA true association between an inherited abnormality and venous thrombo-
embolismm is suggested by comparing the prevalence of thrombosis in the 
populationn of interest with an appropriately matched control group using 
eitherr family studies, case control studies, or prospective cohort studies. For 
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example,, to establish that an inherited abnormality is associated with venous 
thrombosis,, a cross-sectional survey of all family members with and without 
previouss thrombosis and with and without the defect could be carried out. To 
avoidd bias, the propositus should be excluded and all family members should 
bee evaluated for the presence of the laboratory abnormality and for a history 
off  venous thromboembolism with reliable diagnostic methods. Failure to con-
firmm the diagnosis of thromboembolism by objective tests would lead to an 
overestimationn of the prevalence of thrombosis, because more than 50% of 
patientss with clinical manifestations suggestive of venous thromboembolism 
doo not have the diagnosis confirmed by objective tests'1 ''\ Numerous studies 
havee assessed the relative risk of thrombosis in families with antithrombin, 
proteinn C, or protein S deficiency, or the factor V Leiden mutation21617. The 
earlierr studies in families with antithrombin, protein C, or protein S deficiency 
aree likely to have overestimated the incidence of venous thromboembolism, 
becausee diagnostic confirmation of thromboembolism was often lacking and 
thee diagnosis of previous episodes of venous thromboembolism was often 
madee with knowledge of the deficiency status. This contention is supported 
byy the lower absolute and relative risks for venous thromboembolism in carri-
erss of antithrombin, protein C and protein S deficiency found in more recent 
studies.. Only one preliminary family study is available for the prothrombin 
20210AA mutation18, while no family studies have been reported for hyperho-
mocysteinaemia.. However, several case-control studies, that used thrombosis-
freee population-based controls, have demonstrated an association between 
mildlyy elevated levels of homocysteine and venous thromboembolism1920. In 
addition,, a limited number of prospective cohort studies have now demon-
stratedd that the incidence of venous thromboembolism in (asymptomatic) car-
rierss of antithrombin, protein C, or protein S deficiency, as well as the factor V 
Leidenn mutation is higher than in the general population21"" . 

Establishingg a tru e association between a clinical condition and throm -
bophili a a 

Circulatingg antiphospholipid antibodies are associated with an increased inci-
dencee of venous thromboembolism in patients with systemic lupus erythe-
matosuss (SLE)25*26. However, the association between antiphospholipid anti-
bodiess and venous thromboembolism in patients who do not have SLE is less 
welll  established27, since it is based only three moderate-sized case-control 
studies28"30.. In one study, the association with the presence of anticardiolipin 
antibodiess was not statistically significant28, while in the other two, the pres-
encee of lupus anticoagulant or a high titer of anticardiolipin antibodies was 
associatedd with an increased risk of venous thromboembolism29'30. 

Thee relationship between malignancy and venous thrombosis is complex. 
Symptomaticc venous thromboembolism may be the presenting feature of an 
occultt cancer, while overt malignant disease is associated with an increased 
riskk of thrombosis. The relation between occult cancer and venous thrombosis 
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hass been investigated in several cohort studies31"37. In most studies of patients 
whoo had no evidence of malignancy at presentation, the risk of developing 
overtt malignancy within 6 to 12 months after an idiopathic thromboembolic 
eventt in was increased among patients with idiopathic thrombosis. In these 
studiess the comparative group had secondary (provoked) thrombosis or no 
thrombosis. . 

TableTable 5 Biologic and epidemiologic aspects of established disorders as-
sociatedd with venous thromboembolism 
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Clinicall  manifestations of thrombophili a 

Inherite dd thrombophili a 

DeficienciesDeficiencies of antithrombin, protein C, and protein S, the factor V Leiden 
mutationmutation and the prothrombin 20210A mutation 
Patientss heterozygous for a deficiency of antithrombin, protein C or protein S 
andd heterozygous carriers of the factor V Leiden mutation usually present with 
venouss thrombosis of the lower limb or pulmonary embolism. Less commonly 
theyy present with superficial thrombophlebitis or thrombosis at unusual sites, 
suchh as in the cerebral veins or sinuses or mesenterial veins. Approximately 
halff  of the thromboembolic episodes occur without a clinically obvious 
provocation.. Individuals who are heterozygous for the factor V Leiden or 
prothrombinn 20210A mutation have a lower tendency to venous thromboem-
bolismm than the other three familial anticoagulant deficiencies. 
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Inn general, antithrombin, protein C, and protein S deficiency and the factor V 
Leidenn mutation do not appear to be associated with an increased risk of arte-
riall  thrombosis38. There are, however some exceptions. Thus, some394Ucase 
seriess have reported an association with arterial thrombosis, especially in chil-
dren41^3,, while one case-control study among highly selected young women 
withh acute myocardial infarction showed an association between the factor V 
Leidenn mutation and the risk of myocardial infarction, especially when con-
comitantt risk factors, such as smoking, were also present44. The prothrombin 
mutationn has also been reported to be a weak risk factor for myocardial in-
farctionn in selected young patients4"14 . 

Homozygouss protein C and protein S deficiency are associated with neo-
natall  purpura fulminans, shortly after birth474*, and adult patients are prone to 
skinn necrosis, after the initiation of therapy with vitamin K antagonist s49,10. 
Skinn necrosis has also been reported in an individual with the prothrombin 
20210AA mutation'1. 

Womenn with antithrombin, protein C or protein S deficiency or heterozy-
gosityy for the factor V Leiden and probably also the prothrombin 20210A mu-
tationn have been reported to be at a moderately increased risk of fetal loss or 
off  premature birth. A plausible mechanism is placental thrombosis, leading to 
infarctionn and placental insufficiency52"'7; this hypothesis is further supported 
byy the observation that when both fetus and mother are carriers of factor V 
Leiden,, the relative risk of miscarriage is even higher56'*1. An association has 
alsoo been reported between the presence of the factor V Leiden mutation and 
severee preecclampsia or the HELLP syndrome59"* 1. 

HyperhomocysteinemHyperhomocysteinem ia 
Severee hyperhomocysteinemia or homocystinuria caused by either homozy-
gouss cystathionine-Js-synthase deficiency or, less frequenty, homozygous defi-
ciencyy of methylenetetrahydrofolate reductase, produces a clinical picture of 
skeletall  abnormalities (Marfan-like stature), ectopic lens, mental retardation 
andd severe premature arterial and venous thromboembolism6263. More re-
cently,, the results of several studies have shown that milder forms of hyper-
homocysteinemiaa are associated with both venous and arterial thromboembo-
lism19,2064^7.. The venous thromboembolic manifestations do not differ from 
thosee occurring in other thrombophilic defects. 

ElevatedElevated factor VIII levels 
Elevatedd levels of factor VII I (both clotting activity and antigen levels) are an 
independentt risk factor for venous thromboembolism68,69. Previous studies re-
portedd that increased factor VIII levels are also associated with an increased 
riskk of arterial cardiovascular disease70. 
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Acquiredd thrombophili c conditions 

AntiphospholipidAntiphospholipid antibody syndrome 
Thee thrombotic manifestations of the antiphospholipid antibody syndrome are 
variedd and range from venous thrombosis of the lower limbs and pulmonary 
embolismm to thrombosis at unusual sites71". The antiphospholipid antibody 
syndromee is also associated with an increased risk of arterial thrombosis, in-
cludingg stroke at a young age71,73"76 and retinal vascular occlusion777". 

Womenn with antiphospholipid antibodies have an increased risk of ad-
versee pregnancy outcomes, such as recurrent fetal loss7'^2. 

Cancer Cancer 
Patientss with cancer are not only at risk for venous thrombosis of the lower 
extremitiess or pulmonary embolism, but can also develop unusual forms of 
thrombosis,, including migratory superficial thrombophlebitis, nonbacterial 
thromboticc endocarditis, and thrombosis in unusual sites, including renal 
veins,, inferior vena cava, portal vein, and hepatic veins. The malignancies 
mostt commonly associated with thrombosis are: pancreatic, ovarian, lung, and 
mucin-secretingg gastrointestinal carcinoma. Venous thrombosis in cancer pa-
tientss can be resistant to treatment with vitamin K antagonists and less often 
too high dose heparin therapy. 

HeparinHeparin induced thrombocytopenia 
Heparinn induced thrombocytopenia is caused by antibodies (usually IgG) di-
rectedd against platelet constituents (usually platelet factor 4) complexed with 
heparinn or other sulfated oligosaccharides. The antibodies usually become 
detectablee 5 to 15 days after exposure to heparin. The thrombotic events in 
patientss with heparin induced thrombocytopenia are usually venous (venous 
thrombosiss of the lower extremities and pulmonary embolism); less often they 
aree arterial thrombosis, including cerebral and myocardial infarction and arte-
riall  ischemia of the lower limbs83. 

Riskk of a firs t and recurrent thromboembolic event in different throm -
bophili cc disorders 

Thee relative risk of thrombosis varies among patients with thrombophilia , 
whilee the absolute risk per unit time (incidence) varies with the subject's age 
andd is influenced by associated clinical circumstances (e.g pregnancy, post-
operativee state). Knowledge of both the absolute risk of venous thromboem-
bolismm in the untreated patient and the risk of bleeding with anticoagulants is 
requiredd to make rational management decisions with respect to preventive 
strategies.. This section will review the following: the absolute incidence of a 
firstt venous thromboembolic event for different thrombophilic states ;the risk 
off  recurrent venous thromboembolism in patients, with and without inherited 
orr acquired thrombophilia; the strategies to prevent both first episodes and 



46 6 ChapterChapter 3 

recurrentt episodes of venous thromboembolism in the different inherited and 
acquiredd thrombophilias. 

Asymptomaticc individual s wit h a known inherited thrombophili c 
defect t 

Venouss thromboembolism can occur spontaneously or be provoked by rec-
ognizablee clinical risk factors such as surgery, immobilisation, trauma, preg-
nancy,, or the use of estrogens. Fairly reliable estimates of the risk of throm-
boembolismm are available for asymptomatic heterozygous carriers of anti-
thrombin,, protein C, or protein S deficiency, the factor V Leiden mutation, or 
thee prothrombin mutation. In contrast, currently, there is no reliable informa-
tionn available on the absolute risk of thrombosis in individuals with hyperho-
mocysteinemiaa or elevated levels of factor VIII . 

Estimatess of the absolute risk of thrombosis in asymptomatic individuals 
withh one of the inherited thrombophilic defects are derived from the follow-
ing:: 1) Family studies, especially for antithrombin, protein C and protein S 
deficiency.. These estimates may be unreliable, because the diagnosis of 
thrombosiss was usually based on clinical manifestations (without confirmation 
byy objective methods) and the families were selected because of a strong 
familyy history for thrombosis, thereby raising the possibility that some of the 
familyy members may have had more than one thrombophilic defect. 2) Stud-
iess in relatives of consecutive patients with various thrombophilic defects that 
comparedd the absolute incidence of venous thromboembolism in carriers and 
non-carriers16"1'21'22.. These estimates may also be unreliable because: a) they 
weree based on retrospective studies; b) the clinical diagnosis of thromboem-
bolismm was not confirmed by objective tests ;and c) early deaths due to fatal 
pulmonaryy events would not be accounted for. 3) Prospective cohort studies 
off  asymptomatic carriers of inherited thrombophilic defects-, these provide the 
mostt reliable information because they do not have the limitations of the first 
twoo types of studies21"24,84.Table 6 lists estimated absolute risks for a first epi-
sodee of venous thromboembolism in carriers of an inherited thrombophilic 
defect.. Although a slightly higher incidence is usually observed in studies with 
aa potential for bias, the rates observed in the prospective studies are in line 
withh those observed in the retrospective studies. Approximately half of the 
thromboembolicc episodes in patients with inherited thrombophilic defects 
occurr spontaneously.. The risk of spontaneous venous thromboembolism are 
thereforee approximately half of the figures given in Table 6. 
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TableTable 6 Estimated annual incidence of a first episode of venous throm-
boembolismm in carriers of thrombophilic defects, stratified for 
age-groupp (derived from cohort analyses) 

Age-groupp (years) 

RetrospectiveRetrospective studies 

Alll  VTE 

<< 15 

16-30 0 

3 1 ^5 5 

46-60 0 

>60 0 

Alll  ages > 15 

ProspectiveProspective studies 

AHH ages > 15 

Alll  VTE 

Spontaneouss VTE 

**  Combined data 

Antithrombin n 

deficiency y 

%/year r 

reported d 
„ -- 2.1? J» 

range e 

0.1 1 

0.9-3.0 0 

1.4-2.7 7 

0.5-2.0 0 

1.1-3-7 7 

1.0-2.9 9 

%/year r 

(95%CI)22 2 

4.00 (1.3-8.8) 

1.66 (0.2-5.8) 

Proteinn C 

deficiency y 

%/year r 

reported d 
2.I7JH H 

range e 

0.1 1 

0.9-1.6 6 

1.4-2.4 4 

0.5-2.6 6 

1.1-11.0 0 

1.0-3.0 0 

%/year r 

(95%CI)2122# # 

1.66 (0.5-3.5) 

1.0(0.1-3.5) ) 

Proteinn S 

deficiency y 

%/year r 

reported d 
2.I7.3H H 

range e 

0.2 2 

0.9-3.5 5 

1.4-3.1 1 

0.5-3.6 6 

1.1 1 

1.0-3.1 1 

%/year r 

(95%CI)2I"# # 

1.33 (0.4-3.0) 

0.44 (0-2.0) 

Factor r 

VV Leiden 

%/year r 

reported d 
KI. I7. I H H 

range e 

0 0 

0.25 5 

0.47 7 

0.8-2.0 0 

1.1-2.6 6 

0.3-0.5 5 

%/yearr (95%CI) 
! U l l 

0.5(0.13-1.3) ) 

0.255 (0.03-0.9D 

Prothrom--

binn 20210A 

%/year r 

reported d 

range"1 1 

0.46 6 

Onlyy a limited number of studies are available that have reported the risk of 
surgery-relatedd venous thromboembolism in asymptomatic carriers. Surgery, 
traumaa and prolonged immobilization are thought to be risk factors for ve-
nouss thromboembolism in carriers of thrombophilic defects, although some 
studiess that do not confirm this"'8\ The estimated incidence of venous throm-
boembolismm in relationship to high-risk situations is shown in Table 7. No 
reliablee data are available on the risk with or without anticoagulant prophy-
laxiss from retrospective studies. There is limited information on the risks of 
thrombosiss with or without prophylaxis from prospective cohort studies, al-
thoughh the numbers included in the studies are small. Accepting this limita-
tion,, the risk of venous thromboembolism in high risk situation with standard 
thromboprophylaxiss is approximately 10% for asymptomatic carriers of anti-
thrombin,, protein C, or protein S deficiency. For carriers of the factor V Lei-
denn mutation, this risk appears to be lower, as judged from the retrospective 
studies. . 

http://Ki.I7.IH
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TableTable 7 Estimated incidence of venous thromboembolism during an epi-
sodee of surgery, trauma, or immobilisation in asymptomatic car-
rierss of thrombophilic defects (derived from cohort analyses) 

Antithrombin,, protein C, or Factor V Leiden 

proteinn S deficiency 

RetrospectiveRetrospective studies 

Totall  number of risk episodes 

Numberr of VTE 

ProspectiveProspective studies 

Totall  number of risk episodes 

Withoutt anticoagulant 

Prophylaxiss (minor episodes) 

Withh standard anticoagulant 

Prophylaxis s 

Numberr of VTE 

173 3 

144 (8%)' 

2112, 2112, 

31 1 

16 6 

15 5 

33 (10%)* 

534 4 

111 (2%)' 

69 9 

40 0 

29 9 

ll  (1.4%) j 

**  With use of different anticoagulant prophylaxis schedules, ranging from none to treatment 
withh full-dose heparin or vitamin K antagonists 

## Combined data 
***  All episodes occurred during risk situations without prophylaxis: 1 cast immobilisation of the 

leg,, 2 major trauma with surgery but without prophylaxis because of bleeding risks 
ii  Pulmonary embolism occurring 3 weeks after elective surgery for hernia nuclei pulposi with 

standardd in-hospital low-dose prophylaxis 

Thee risk of venous thromboembolism is increased in pregnancy, and espe-
ciallyy during the postpartum period86. In women with antithrombin deficiency, 
thee postpartum risk of venous thromboembolism has been reported to be as 
highh as 33%,87 and somewhat lower for protein C and protein S deficiency**. 
However,, the reported incidences are likely to be overestimates because: 1) 
theyy were derived from case series in selected study populations; 2) only a 
minorityy of the thromboembolic episodes were confirmed by objective tests; 
3)) these series included patients with previous thrombosis as well as asymp-
tomaticc carriers. A limited number of prospective studies have investigated the 
incidencee of thromboembolism in pregnant asymptomatic carriers16,17'21-23'"9. Ta-
blee 8 summarizes the results of these studies. Where possible the risk during 
pregnancyy and the postpartum period were separated. Interpretation of the 
dataa is difficult because various anticoagulant prophylactic regimens were 
usedd in the prospective studies. 
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TableTable 8 Estimated incidence of venous thromboembolism during preg-
nancyy and the postpartum period in asymptomatic women with 
thrombophilicc defects derived from cohort analyses 

Antithrombin,, protein C, or 

proteinn S deficiency 

Factorr V Leiden 

RetrospectiveRetrospective studies 

Totall  number of pregnancies 

Totall  number of VTE 

Numberr of VTE during pregnancy 

Numberr of VTE in 6 weeks postpartum 

ProspectieProspectie studies* 

Totall  number of pregnancies 

Totall  number of VTE 

Numberr of VTE during pregnancy 

Numberr of VTE in 6 weeks 

postpartum m 

NN (% of pregnancies)1" 

169 9 

77 (4.1%) 

22 (1.2%) 

55 (3.0%) 

NN (% of pregnancies)21 "# 

17 7 

22 (12%) 

00 (0%) 

22 (12%) 

NN (% of pregnancies)"''17* 

392 2 

88 (2.0%) 

1/2355 (0.4%) [186] 

4/2355 (1.7%) [186] 

NN (% of pregnancies)" 

6** * 

00 (0%) 

00 (0%) 

00 (0%) 

 With use of different anticoagulant prophylaxis schedules, ranging from none to treatment 
withh full-dose heparin or vitamin K antagonists in both pregnancy and postpartum period 

## Combined data 
***  Including 1 caesarian section with 10 days standard prophylaxis postoperatively; and 3 vagi-

nall  deliveries with 1 week low dose low molecular weight heparin prophylaxis; no prophy-
laxiss was given during pregnancy 

Thee use of oral contraceptives, and to a lesser extent also the use of hormone 
replacementt therapy, is associated with an increased risk of venous thrombo-
embolism90-92.. This risk is more pronounced in women with thrombophilia93"^. 
Severall  studies have investigated the absolute risk of venous thromboembo-
lismm in women with thrombophilia who use oral contraceptives. Table 9 
showss the risk per year with oral contraceptives use in asymptomatic women 
withh thrombophilic defects. In the retrospective studies, a striking difference 
off  the risk of venous thromboembolism during oral contraceptive use is ob-
servedd in women with antithrombin, protein C, or protein S deficiency, com-
paredd to that observed in women with the factor V Leiden mutation (4% vs 
0.7%% per year of OC use). The prospective studies are not informative be-
causee they are limited by sample size. No data are available on the absolute 
riskk of venous thromboembolic for women with thrombophilia who are 
takingg hormone replacement therapy. 
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TableTable 9 Estimated incidence of venous thromboembolism during oral 
contraceptivee (OC) use in asymptomatic women with thrombo-
philicc defects derived from cohort analyses 

RetrospectiveRetrospective studies 

Totall  number of years of OC use 

Totall  number of VTE 

ProspectiveProspective studies 

Totall  number of years of OC use/ 

numberr of women using OC 

Totall  number of VTE 

Antithrombin, , proteinn C, 

orr protein S deficiency 
17 7 

117 7 

55 (4.3%/year) 

22 2 

18/8 8 

00 (0%/year) 

Factorr V Leiden 

V V 

722 2 

55 (0.7%/year) 

24 4 

99/66 6 

11 (1%/year; 95% CI 0.0-5.5%) 

## Combined data 

Asymptomaticc homozygous carrier s or  individual s wit h combined 
inheritedd thrombophili c defects 

Currently,, there are no data available on the absolute risk of a first venous 
thromboembolicc event in homozygous carriers of thrombophilic defects, or 
forr individuals with two different inherited abnormalities. Since both the factor 
VV Leiden mutation and hyperhomocysteinemia are common abnormalities, 
homozygosityy for factor V Leiden, or the combination of either the factor V 
Leidenn mutation or hyperhomocysteinemia with another thrombophilic defect, 
orr both, in one individual is not uncommon. For homozygous carriers of the 
factorr V Leiden mutation, the relative risk for venous thromboembolism has 
beenn estimated to be as high as 8096, but homozygous carriers of the mutation 
mayy remain asymptomatic16'97"99. In a nested case-control study, the relative risk 
forr idiopathic venous thromboembolism with either the factor V Leiden muta-
tionn or hyperhomocysteinemia was approximately 3, whereas the combination 
off  the two abnormalities was associated with a relative risk of 22100. Another 
studyy reported that the factor V Leiden mutation was more prevalent in 
symptomaticc patients with protein C deficiency than in asymptomatic controls, 
indicatingg that the risk of thrombosis in protein C deficient individuals is in-
creasedd by co-segregation with the factor V Leiden mutation101. The same 
phenomenonn was observed in protein S deficient families102103. 



ApproachApproach to the tbrombophilic patient 51 1 

Asymptomaticc individual s wit h acquired thrombophili c abnormalities 

AntiphospholipidAntiphospholipid antibody syndrome 
Noo studies are available on the absolute risk of venous thromboembolism in 
patientss who have antiphospholipid antibodies and are asymptomatic with 
respectt to venous thromboembolism. However, three case-control studies 
havee calculated the odds ratios for venous thromboembolism in individuals 
withh antiphospholipid antibodies or lupus anticoagulant, using individuals 
withoutt these abnormalities as controls. The odds ratio was found to be be-
tweenn 5 and 102""30. Extrapolating from the annual incidence of venous throm-
boembolismm known in the general population of approximately 1 per 10001(M, 
thee absolute risk of venous thromboembolism in asymptomatic individuals 
withh antiphospholipid antibodies can be estimated to be about 5 to 10 per 
10000 per year. 

Cancer Cancer 
Thee absolute risk of a first venous thromboembolic event in patients with 
overtt cancer varies among different kinds of cancers. Many studies have as-
sessedd the cumulative incidences of venous thromboembolism in different 
cancerr populations. In these patients the risk of venous thromboembolism is 
increasedd further by comorbid factors, such as chemotherapy, surgery, and 
thee insertion of indwelling intravenous catheters. For instance, in women with 
stagee II breast cancer who were treated with chemotherapy (cyclophospha-
mide,, methotrexate, fluorouracil, vincristine and prednisone) the incidence of 
thrombosiss was 6.8% during the initial 3-month period of chemotherapy. Pa-
tientss were than randomized to another 6 months of chemotherapy or no 
chemotherapyy and the incidence of venous thromboembolism was 4.9% and 
0%% respectively.' . In another study among postmenopausal women with 
breastt cancer who were either treated with tamoxifen alone, or tamoxifen 
pluss an adjuvant course of cyclophosphamide, methotrexate and fluorouracil 
forr six months, venous thromboembolic episodes were observed in 2.6% and 
13.6%,, respectively106. In cancer patients undergoing surgery, the incidence of 
post-operativee deep vein thrombosis is increased 3 to 5 times as compared 
withh non-cancer patients undergoing the same type of surgery107"109. 

OtherOther clinical conditions 
AA variety of other conditions, including heparin-induced thrombocytopenia, 
inflammatoryy bowel disease and Behcet's disease are associated with an in-
creasedd risk of venous thromboembolism. However, no reliable data on the 
absolutee risk are available. 
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Riskk of recurrent venous thromboembolism in carrier s of an inherited 
thrombophili cc defect 

Thee optimal duration of anticoagulant therapy in thrombophilic patients who 
havee sustained one or more episodes of venous thromboembolism requires 
knowledgee of the annual risk of recurrent venous thromboembolism after an-
ticoagulantt therapy is discontinued and the risk of bleeding during antico-
agulantt therapy. Furthermore, it is necessary to know whether the risk of re-
currencee is constant or whether it decreases over time. At present, no defini-
tivee evidence on the annual incidence of recurrent thrombosis in untreated 
patientss with thrombophilia is available, although there are data on risks of 
recurrencee and bleeding in patients without thrombophilia. 

Itt is well known that a previous episode of venous thromboembolism is a 
riskk factor for a recurrent event. In patients with the factor V Leiden mutation 
thee risk of recurrent venous thromboembolism may be higher than in patients 
withoutt such a defect110'"1, although there are studies of selected populations 
thatt do not support this view112,113. In one cohort study of 14 men with the 
factorr V Leiden mutation who had had one episode of idiopathic venous 
thromboembolismm (mean followup: 68 months after the first event), the inci-
dencee of recurrence was found to be 7.8% per year, with a mean time be-
tweenn the first and second event of 41 months (range, 21 and 101 months)110. 
Anotherr prospective study of 41 carriers of the factor V Leiden mutation, 
foundd a cumulative incidence of a first recurrence of 40% after a follow up of 
88 years, with more than 50% of the events occurring during the first year after 
discontinuationn of vitamin K antagonist therapy"1. In a single study, patients 
withh the prothrombin 20210A mutation did not have a higher risk of recurrent 
venouss thromboembolism than patients without the mutation"4. 

Too date, only two studies have assessed the absolute risk of recurrent ve-
nouss thromboembolism in patients with antithrombin, protein C, or protein S 
deficiency38115.. In both studies, ail recurrent episodes of venous thromboem-
bolismm were included in the calculation of the annual incidence of recurrence. 
Therefore,, it is not possible to assess the incidence of a first and a second 
recurrencee separately. Furthermore, the reported recurrence rates may be 
overestimatedd due to the inherent potential biases of retrospective studies. In 
thee first study of 238 individuals with antithrombin, protein C, or protein S 
deficiency,, the annual incidence of (a first or second) recurrent venous 
thromboembolismm was 4.8%. The investigators observed a decrease to 1.4% 
perr year after the diagnosis of inherited thrombophilia had been made, possi-
blyy because more aggressive anticoagulant prophylaxis was used during high-
riskk situations38. In the second study, which was a review of available family 
studiess in patients with antithrombin or protein S deficiency, a much higher 
annuall  incidence of recurrent venous thromboembolism of 13 to 17% was 
found115.. In addition, these authors reported on a retrospective family cohort 
study,, in which they observed an incidence of recurrence of 10% after 1 year, 
accumulatingg to 23% after 5 years of follow-up, which also suggests a decline 
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inn the risk of recurrent thrombosis after the first year115. The annual incidence 
off  recurrence was 1.4% in patients who continued oral anticoagulants com-
paredd to 2.7% in those who stopped treatment. No prospective studies on the 
riskk of recurrence of venous thromboembolism in untreated patients with an-
tithrombin,, protein C, or protein S deficiency are available. The data are 
summarizedd in Table 10. 

TableTable 10 Estimated annual incidence of a recurrent episode of venous 
thromboemboiismm in carriers of thrombophilic defects (derived 
fromm cohort analyses) 

Antithrombin,, protein C, Factor V 

orr protein S deficiency Leiden 

RetrospectiveRetrospective studies ™"V No data 

Observedd followup years after first VTE 1712 

Numberr of VTE (including more than 1 recurrence) 125 

Annuall  incidence of recurrent VTE 7.3% 

ProspectiveProspective studies ' '"'"'# 

Annuall  incidence of recurrent VTE No data 7.8-8.6% 

**  Combined data 

Riskk of recurrence in patients without inherited thrombophili a 

GeneralGeneral population 
Reasonablee estimates are available on the incidence of recurrent venous 
thromboembolismm after a 3 to 6 month course of oral anticoagulant therapy. 
Thee risk of recurrence is influenced by two clinically identifiable characteris-
tics;; the location of thrombosis and the presence or absence of a reversible 
riskk factor. Patients at low risk of recurrence are those with calf-vein thrombo-
sis116,, and those with a reversible risk factor such as surgery, trauma, or acute 
medicall  illness116-119. Patients at high risk of recurrence are those who have a 
persistentt risk factor (such as continued immobilization or cancer), or those 
whoo develop idiopathic (unprovoked) venous thromboembolism. The risk of 
recurrencee has been estimated to be 6 to 12% per year for the first 2 years in 
patientss who have idiopathic venous thromboembolism who have been 
treatedd for 3 to 6 months, and about 2 to 4% per year during the same period 
inn those who have a reversible risk factor, and have been treated for 4 to 12 
weeks116""9.. In some of these studies, patients with inherited thrombophilic 
defectss were not excluded and therefore the rates in patients without inher-
itedd thrombophilia may be lower, although it is clear that patients with idio-
pathicc venous thrombosis have a high risk of recurrence. 

Inn some but not all of the randomized trials the risk of recurrent venous 
thromboembolismm was higher soon after the acute episode and declines over 
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time"6"9120.. The risk of recurrence was found to rise sharply soon after dis-
continuingg a 1 to 6 month course of vitamin K antagonists""117 Ul. 

PatientsPatients with antiphospholipid antibodies 
Thee risk of recurrent thromboembolism in patients with antiphospholipid an-
tibodiess has been studied in a several retrospective studies. These studies in-
cludedd patients with systemic lupus erythematosus and those with primary 
antiphospholipidd antibody syndrome. Furthermore, venous and arterial 
thromboticc episodes were combined, so a separate estimate of the incidence 
off  recurrent venous thromboembolism alone can not be derived from these 
studies.. Without antithrombotic therapy, the risk of recurrence has been re-
portedd to be as high as 20 to 30% per year71'122123. In a recent sub-analysis of a 
prospectivee study on the optimal duration of oral anticoagulants in patients 
withh a first episode of venous thromboembolism who were treated for 6 
months,, it was observed that patients with anticardiolipin antibodies had a 
riskk of recurrence of 29% during 4 years of follow-up, with a peak during the 
firstt 6 months after stopping anticoagulant therapy121. 

PatientsPatients with cancer 
Noo reliable estimates of the risk of recurrent venous thromboembolism in 
cancerr patients are available, but the risk is generally considered to be high as 
longg as the cancer is active. 

PatientsPatients with other conditions 
Forr patients with other clinical conditions, such as inflammatory bowel dis-
easee or Behcet's disease, no figures on the recurrence rates of venous throm-
boembolismm are available. 

Managementt  of thrombophili a 

Sincee data from appropriate management studies are lacking, any recom-
mendedd approach must of necessity be tentative. The presence of more than 
onee risk factor in the same patient may call for a more aggressive prophylactic 
approach.. On the other hand, when the absolute risk of thrombosis is low, 
strategiess other than antithrombotic prophylaxis should be considered. 

Potentiall  prophylacti c strategies and their  risks 

LifelongLifelong anticoagulant prophylaxis 
Currently,, only vitamin K antagonists are available for long-term anticoagulant 
prophylaxis.. Moderate intensity treatment with vitamin K antagonists (targeted 
too achieve an INR of 2.0 to 3-0) are very effective in preventing venous 
thromboembolismm but they are associated with an increased risk of bleeding. 
Long-termm follow-up studies in patients with documented venous thrombo-
embolismm show a reduction in the incidence of recurrence of 87 to 96%n 'u 'u , 
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andd most of these recurrent thrombotic episodes occurred after treatment had 
too be temporarily discontinued because of bleeding or need for invasive pro-
cedures.. It is likely that a similar reduction would also occur in patients with 
thrombophilia1277 lffl. The major disadvantage of treatment with vitamin K an-
tagonistss is its risk of bleeding. The incidence of serious bleeding during 
treatmentt is about 2 -3 % per year, while the annual rate of life-threatening or 
fatall  bleeding is 1% and 0.25% respectively1**" 132. The risk of bleeding increases 
withh age, the presence of comorbid conditions, in particular cancer; it is 
higherr during initiation of therapy and declines over time133. Other disadvan-
tagess of prolonged treatment with oral anticoagulant treatment relate to its 
effectt on quality of life and include the inconvenience resulting from the need 
forr regular monitoring, the fear of bleeding, the need to avoid certain kinds of 
physicall  activities (e.g. certain sports), and the need for taking drugs daily. 

PerioperativePerioperative prophylaxis 
Low-molecularr weight heparin prophylaxis (in patients without thrombo-
philia)) during high-risk situations, such as surgery, trauma, and immobilisation 
hass been shown to reduce the risk of venous thromboembolism by approxi-
matelyy 70 to 80%.134. Similar reductions have been observed in retrospective 
cohortt studies in patients with thrombophiliau\ It is not known whether more 
aggressivee (than standard) perioperative prophylaxis is warranted in throm-
bophilicc patients. Also, the optimal duration of prophylaxis, i.e. whether post-
dischargee continuation of anticoagulants is indicated, is unknown. The most 
importantt side effect of perioperative prophylaxis is hemorrhage, which oc-
curss with a frequency of 1 to 3%13,

> Another potential hazard of prolonged 
prophylaxiss with (low-molecular weight) heparin is the development of hepa-
rin-inducedd thrombocytopenia. Other effective prophylactic regimens include 
compressionn stockings, compression devices and vitamin K antagonists, either 
alonee or after an initial course of low-molecular weight heparin. 

ProphylaxisProphylaxis in pregnancy and the postpartum period 
Twoo approaches can be used to prevent thrombosis during pregnancy, anti-
coagulantt prophylaxis or close clinical surveillance. If anticoagulant prophy-
laxiss is selected, then heparin or low-molecular weight heparin136 are the anti-
coagulantss of choice. They are used in prophylactic or intermediate dosages 
throughoutt pregnancy. The advantages of low-molecular weight heparin over 
heparinn are a lower risk of osteoporosis and the lack for the need of labora-
toryy monitoring when the anticoagulants are used in therapeutic dosages. Vi-
taminn K antagonists are contraindicated in pregnancy because they cross pla-
centaa and can cause embryopathy and fetal bleeding. If clinical surveillance is 
chosen,, it should be coupled with a low threshold for performing objective 
diagnosticc procedures in response to any symptoms suggestive of venous 
thromboembolism. . 

Retrospectivee studies in women with thrombophilic defects indicate that 
prophylaxiss during pregnancy reduces the risk of thrombosis compared to 
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historicall  controls not given prophylaxis. The disadvantages of prolonged 
heparinn or low-molecular weight heparin are the need for daily subcutaneous 
injections,, the risk of bleeding, and the risk of osteopenia. The risk of symp-
tomaticc osteoporosis with long-term exposure to unfractionated heparin has 
beenn reported to be as high as 2%, whereas the risk appears to be much 
lowerr for low-molecular weight heparin'*l57. 

Bothh low-molecular weight heparin and vitamin K antagonists can be used 
safelyy in the postpartum period since neither pass into breast milk137. 

WithholdingWithholding oral contraceptives and hormone replacement therapy 
Theree is limited information about the risks of thrombosis with oral contra-
ceptivee use in either asymptomatic carriers or those with a previous venous 
thromboembolicc episode. One approach is to discourage oral contraceptive 
usee in all thrombophilic women, another is to allow its use in certain sub-
groups.. It is likely that discouraging oral contraceptives would result in a sub-
stantiall  number of unplanned pregnancies, because oral contraceptives are 
associatedd with only a 0.1% risk of pregnancy per year, while contraception 
withh an intrauterine device or condoms are associated with a 0.8% and a 2% 
riskk per year, respectively158. Another alternative may be to use contraceptives 
containingg progestagens only, since they are associated with a smaller risk 
increasee for venous thromboembolism of approximately 2,3J. However, this 
formm of contraception has other drawbacks, including the absence of men-
struationn in most women and the potential for increasing the risk of endome-
triall  carcinoma. 

Hormonee replacement therapy appears to be beneficial in preventing arte-
riall  vascular disease and is effective in reducing osteoporotic fractures in 
postmenopausall  women1"0. Discouraging its use in all women with thrombo-
philicc defects has the potential to do more harm than good. 

OtherOther interventions 
Mil dd hyperhomocysteinemia can be corrected by suppletion of folic acid and 
vitaminn B6. TO date, studies have not been performed evaluating the efficacy 
off  this approach using a clinical outcome such as reduction of the risk of ve-
nouss or arterial thromboembolic events. 

Guideliness for  management of asymptomatic individual s wit h 
inheritedd thrombophili a 

Thee recommended guidelines are based on available information and may 
changee as new data become available. Since the thrombotic risk appears to be 
lowerr in carriers of the factor V Leiden mutation than in carriers of antithrom-
bin,, protein C, or protein S deficiency, the recommendations for these respec-
tivee defects are different. Information on the thrombotic risk for carriers of the 
prothrombinn mutation is very limited, but based on the reported odds ratio for 
venouss thromboembolism with this mutation, the risk is likely to be similar to 
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thatt seen in carriers of the factor V Leiden mutation. The same applies for 
individualss with hyperhomocysteinaemia. The risk of thrombosis associated 
withh elevated levels of factor VII I is unknown. 

Thee annual incidence of a first spontaneous venous thromboembolic event 
inn carriers of antithrombin, protein C, or protein S deficiency, or the factor V 
Leidenn mutation, varies from 0.4 to 1.6% (Table 6). In view of the bleeding 
riskk associated with therapeutic dosages of oral anticoagulants, a general pol-
icyy of long term prophylactic anticoagulant therapy for all carriers is not justi-
fied.fied. However, routine anticoagulant prophylaxis should be used when carri-
erss are exposed to high-risk situations such as surgery, trauma or immobiliza-
tion.. Since the risk of post-operative venous thromboembolism persists for a 
periodd of about two to four weeks after hospital discharge""M2, prolonged 
administrationn of anticoagulant prophylaxis may be justified in asymptomatic 
carrierss of antithrombin, protein C or protein S deficiency. (Table 7). The risk 
off  post-operative thrombosis appears to be lower for asymptomatic individu-
alss with the factor V Leiden mutation, suggesting that a more vigorous ap-
proachh than the routine perioperative prophylaxis is not indicated (Table 7). 

Thee optimal prophylactic approach to asymptomatic pregnant women with 
thrombophiliaa is uncertain, because management studies have not been per-
formed.. The risk of venous thromboembolism during pregnancy in asympto-
maticc women with antithrombin, protein C, or protein S deficiency or the 
factorr V Leiden mutation is low (between 0.4 and 1.2%, Table 8). Therefore, 
clinicall  surveillance throughout pregnancy is appropriate for most women. 
Thee thrombotic risk is higher in the postpartum period (between 1.7 and 3%, 
Tablee 8), so that treatment with oral anticoagulants or low molecular weight 
heparinn for 4 to 6 weeks after delivery should be considered. 

Thee prevailing opinion is that oral contraceptives and hormone replace-
mentt therapy are contra indicated in women with antithrombin, protein C or 
proteinn S deficiency, since the annual risk of oral contraceptive-associated 
thromboembolismm is approximately 4% (Table 9). However, for asymptomatic 
womenn with the factor V Leiden mutation the risk of thromboembolism is 
lowerr (0.7%, Table 9). Therefore, a general policy of discouraging oral contra-
ceptivee use in women with the factor V Leiden mutation is probably not justi-
fied.. Clearly, there is a trade-off, since discouraging oral contraceptives use 
wouldd result in a reduction in the annual risk of venous thromboembolism 
fromm approximately 7 to 2 per 1000 women with the factor V Leiden muta-
tion,, but would lead to an increase of 8 or 20 unplanned pregnancies respec-
tivelyy if oral contraceptives are replaced by intrauterine devices or condoms 
(figuress derived from Tables 6 and 9). If oral contraceptives are used, proba-
blyy levonorgestrel-containing pills (second generation) should be preferred, 
becausee they are associated with a slightly lower risk of thrombosis than oral 
contraceptivess containing desogestrel or gestodene (third generation)90,SM'H3'H\ 

Hormonee replacement therapy is also relatively contraindicated in women 
withh thrombophilia. However, the small increase in risk of venous thrombosis 
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shouldd be balanced against the potential advantages of this therapy. The 
guideliness are summarized in Table 11A. 

TableTable 11 Guidelines for prophylaxis of venous thromboembolism in 
carrierss of inherited thrombophilia 

11A11A Asymptomatic individuals 
Disorder/ / 

condition n 

Antithrombin, , 

proteinn C or 

proteinn S 

deficiency y 

Factorr V Leiden 

mutation n 

Hyperhomocys--

teinemia a 

Surgery,, trauma, 

immobilisation n 

Routinee prophy-

laxiss with 

LMWH/vitaminn K 

antagonists s 

Prolongedd pro-

phylaxiss for 2 to 4 

weekss may be 

justified d 

Routinee prophy-

laxiss with 

LMWH/vitaminn K 

antagonists s 

Routinee prophy-

laxiss with 

LMWH/vitaminn K 

antagonists s 

Pregnancy y 

Clinical l 

surveillance e 

Noo anticoagu-

lant t 

prophylaxis s 

Clinical l 

surveillance e 

Noo anticoagu-

lantt prophylaxis 

Clinicall  surveil-

lance e 

Noo anticoagu-

lantt prophylaxis 

Postpartum m 

period d 

Consider r 

vitaminn K 

antagonistss for 4 

too 6 weeks 

Consider r 

vitaminn K 

antagonistss for 4 

too 6 weeks 

Noo anticoagulant 

prophylaxis s 

Estragenn use 

Discourage e 

Counselingg about 

alternativee contra-

ceptivee methods 

Counselingg about 

alternativee contra-

ceptivee methods 

Iff  desired, prefer 

secondd generation 

orall  contraceptives 

Unknown n 

Prothrombin n 

202100 mutation 

Routinee prophy-

laxiss with 

LMWH/vitaminn K 

antagonists s 

Clinical l 

surveillance e 

Noo anticoagu-

lantt prophylaxis 

Considerr vitamin 

KK antagonists for 

44 to 6 weeks 

Counselingg about 

alternativee contra-

ceptivee methods 

Iff  desired, prefer 

secondd generation 

orall  contraceptives 
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TableTable 11 (continued)) Guidelines for prophylaxis of venous thromboem-
bolismm in carriers off  inherited thrombophilia 

11B11B Symptomatic individuals 
Disorder/ / 

condition n 

Antithrombin, , 

proteinn C or 

proteinn S 

deficiency y 

Factorr V Leiden 

mutation n 

Hyperhomocys--

teinemia a 

Surgery,, trauma, 

Immobilisation n 

Routinee prophy-

laxiss with 

LMWH/vitaminn K 

antagonists s 

Considerr pro-

longedd prophy-

laxiss for 2 to 4 

weeks s 

Routinee prophy-

laxiss with 

LMWH/vitaminn K 

antagonists s 

Considerr pro-

longedd prophy-

laxiss for 2 to 4 

weeks s 

Routinee prophy-

laxiss with 

LMWH/vitaminn K 

antagonists s 

Pregnancy y 

Anticoagulant t 

prophylaxiss with 

(LMW)heparin n 

througout t 

pregnancy y 

Anticoagulant t 

prophylaxiss with 

(LMW)heparin n 

througout t 

pregnancy y 

Unknown n 

Postpartum m 

period d 

Vitaminn K 

antago--

nists/LMWHH for 4 

too 6 weeks 

Vitaminn K an-

tagonists/LMWH H 

forr 4 to 6 weeks 

Unknown n 

Estragenn use 

Discourage e 

Counselingg about 

alternative e 

contraceptive e 

methods s 

Discourage e 

Counselingg about 

alternative e 

contraceptive e 

methods s 

Discourage e 

Counselingg about 

alternative e 

contraceptive e 

methods s 

Prothrombin n 

202100 mutation 

Routinee prophy-

laxiss with 

LMWH/vitaminn K 

antagonists s 

Consider r 

prolongedd pro-

phylaxiss for 2 to 

44 weeks 

Anticoagulant t 

prophylaxiss with 

(LMW)heparin n 

througout t 

pregnancy y 

Vitaminn K an-

tagonists/LMWH H 

forr 4 to 6 weeks 

Discourage e 

Counselingg about 

alternative e 

contraceptive e 

methods s 
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Guideliness for  management of inherited thrombophili a after  a firs t or 
recurrentt  episode of venous thromboembolism 

ProphylaxisProphylaxis during risk situations 
Carrierss of inherited thrombophilia who have experienced a venous throm-
boticc episode should receive routine prophylaxis with (low molecular weight) 
heparinn or vitamin K antagonists when they are exposed to risk situations 
suchh as surgery, trauma, or immobilisation (Table 11B). Since it has been 
documentedd that the risk of venous thromboembolism remains increased for a 
periodd of approximately two to four weeks after major surgery, prolonged 
prophylaxiss should be considered in symptomatic thrombophilic patients"""12. 

Noo management studies on the optimal prophylactic approach in pregnant 
womenn with thrombophilic defects and a history of venous thromboembolism 
aree available. Since the risk of recurrence during pregnancy is considered to 
bee high and can occur during all trimesters of pregnancy, anticoagulant pro-
phylaxiss with (low molecular weight) heparin should be considered through-
outt pregnancy. The optimal dosage is unknown. In two studies in pregnant 
womenn (most without inherited thrombophilia) who received (low molecular 
weight)) heparin prophylaxis during pregnancy, recurrences were observed 
mostlyy in those who were treated with low or intermediate dosages136,1". 
Therefore,, intermediate dosages (75 to 150 anti-Xa units/kg/day) or even 
therapeuticc dosages that produce anti-Xa-levels of 0.3 to 0.6 units/ml should 
probablyy be used. Low molecular weight or unfractionated heparin should be 
discontinuedd 12 hours before delivery and restarted thereafter to avoid 
peripartumm hemorrage. Oral anticoagulants can also be started after delivery 
andd the low molecular weight heparin or heparin discontinued after the INR is 
withinn the therapeutic range for two consecutive days. 

Inn general, the use of oral contraceptives and hormone replacement ther-
apyy is contraindicated in women with inherited thrombophilic defects who 
havee had venous thromboembolism. Pre-menopausal women should be 
counseledd about alternative methods of contraception. Contraceptives con-
tainingg progestagens only may be a useful alternative for some women, al-
thoughh the use of these preparations is also associated with an almost two-
foldd risk increase for venous thromboembolism. 

TreatmentTreatment of venous thromboembolism 
Treatmentt of an acute episode of venous thromboembolism in patients with 
ann inherited thrombophilic defect is the same as for patients without these 
defects.. Initial treatment with either intravenous unfractionated heparin or 
subcutaneouss low molecular weight heparin is necessary for a minimum of 5 
dayss (Table 12)H6. In most patients, oral anticoagulants can be started at the 
samee time as heparin, and the dose adjusted to achieve an INR of 2.0 to 3-0. 
Thee optimal duration of anticoagulant therapy in carriers of inherited throm-
bophilicc defects is not known. From data on the optimal duration of antico-
agulantt therapy in patients with venous thromboembolism (but without 
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thrombophilia),, it seems reasonable to stratify patients with inherited throm-
bophiliaa into three risk categories with respect to recurrence (Table 12). 

TableTable 12 Guidelines for treatment of venous thromboembolism in carriers 
off  inherited thrombophilia 

Antitbrombin,Antitbrombin, protein C or protein S deficiency, factor V Leiden or prothrombin 20210 mutation 

Riskk category 

Lowest t 

Clinicall  characteristics 

Provokedd by a reversible risk factor 

Anticoagulantt therapy 

Initiall  treatment with i.v. heparin or s.c. 

LMWH H 

Vitaminn K antagonists for 3 to 6 months 

Intermediatee Spontaneous Initiall  treatment with i.v. heparin or s.c. 

LMWH H 

Vitaminn K antagonists for up to 12 

months s 

Highestt Recurrent spontaneous venous 

thromboembolism m 

Persistentt risk factor, e.g. active cancer 

Spontaneouss and homozygous defects 

orr combined defects 

Initiall  treatment with i.v. heparin or s.c. 

LMWH H 

Vitaminn K antagonists for 12 months to 

indefinitely y 

HyperhomocysteinemHyperhomocysteinem ia 

All l 

patients s 

Afterr a first episode of venous throm-

boembolism m 

Afterr a recurrent episode of venous 

thromboembolism m 

Initiall  treatment with i.v. heparin or s.c. 

LMWH H 

Vitaminn K antagonists for 3 to 6 months 

Vitaminn suppletion targeted to 

normalizee homocysteine fasting and 

post-loadingg levels 

Initiall  treatment with i.v. heparin or s.c. 

LMWH H 

Vitaminn K antagonists for 12 months 

Vitaminn suppletion targeted to 

normalizee homocysteine fasting and 

post-loadingg levels 

Att lowest risk, are those who had a single episode of venous thromboembo-
lismm associated with a well-defined reversible risk factor, such as surgery or 
pregnancy.. At intermediate risk for recurrence are those who experienced 
theirr first venous thromboembolic episode spontaneously. At highest risk for 
recurrencee are those who have had multiple spontaneous episodes, have a 
persistentt risk factor such as active cancer or continued immobilisation. 
Patientss with more than one inherited thrombophilic defect or homozygosity 
forr one defect are also considered to be at a higher risk for recurrence96'100"103. 
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Forr the patients with thrombophilia and a low risk of recurrence, a 3 to 6 
monthss course of oral anticoagulants would be appropriate. For patients with 
aa moderate to low risk for bleeding, a longer course (up to 12 months) is 
necessaryy for those at intermediate risk for recurrent venous thromboembo-
lism.. A duration of 12 months to indefinite anticoagulation should be consid-
eredd for those at a high risk of recurrence. For patients with a very high risk 
off  bleeding the recommended duration of anticoagulation should be reduced. 
Thesee guidelines are in agreement with two decision analyses that have been 
publishedd on this subject147'148. Although these guidelines are applicable to 
mostt patients, there are exceptions. For example , if the first episode of ve-
nouss thromboembolism was life-threatening or occurred at an unusual site 
withh serious long term morbidity (e.g., cerebral sinus thrombosis, portal vein 
thrombosis),, or if the patient is extremely concerned about recurrent venous 
thromboembolism,, prolonged administration of oral anticoagulants might be 
justifiedd despite the known bleeding risks associated with continued therapy. 

Emergingg evidence indicates that the presence of increased factor VII I :c 
levelss are associated with similar levels of risk for recurrence of venous 
thromboembolismm as the defects discussed in Table 12; therefore, the guide-
liness are likely to be similar for these patients. 

Individualss with hyperhomocysteinemia form a special category of pa-
tients.. After an acute episode of venous thromboembolism, they should re-
ceivee initial treatment with heparin and oral anticoagulants for 3 to 6 months. 
Afterr a recurrent episode they should be treated for at least 1 year.12'. Al-
thoughh treatment with folic acid and vitamin B6 can normalize homocysteine 
plasmaa levels, it is not known whether this strategy lowers the risk of recur-
rentt venous thromboembolism or reduces the risk of arterial complica-

Guideliness for  management of acquired thrombophili c conditions 

Antiphospholipi dd antibody syndrome 

ProphylaxisProphylaxis during high-risk situations 
Theree are no data on the risk of venous thromboembolism in asymptomatic 
individualss who test positive for lupus anticoagulant or anticardiolipin anti-
bodies.. Routine prophylactic measures during high-risk situations are recom-
mended.. As for the inherited thrombophilic defects, a 2 to 4 week duration 
shouldd be considered. For individuals who have a past history of venous 
thromboembolism,, a vigorous prophylactic approach during risk situations is 
indicated. . 

TreatmentTreatment of venous thromboembolism 
Initiall  treatment of an acute episode of venous thromboembolism with either 
unfractionatedd or low molecular weight heparin does not differ from the 
treatmentt in other patients. The optimal duration of treatment with oral anti-
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coagulantss in patients with lupus anticoagulant or anticardiolipin antibodies 
whoo have a first episode of thromboembolism is uncertain. Because the recur-
rencee rate is reported to be high, especially in the first six months after stop-
pingg oral anticoagulants, it is probably necessary to treat these patients for at 
leastt 1 year. After stopping anticoagulant therapy, confirmatory tests for the 
lupuss anticoagulant and anticardiolipin antibodies are recommended, because 
thee test results can change over time. In patients with recurrent thromboem-
bolism,, or with a combination of venous and arterial thromboembolism, pro-
longedd (indefinite) anticoagulant treatment is advised. In patients with recur-
rentt venous and arterial thromboembolism, a combination of vitamin K an-
tagonistss and aspirin is indicated. 

Cancer r 

ProphylaxisProphylaxis during risk situations 
Patientss with cancer are at a high risk of developing postoperative venous 
thromboembolism109.. The findings of several trials using different anticoagulant 
strategiess in cancer patients have recently been reviewed'09. Patients with can-
cerr who undergo surgery should receive vigorous prophylaxis, and continued 
prophylaxiss for 2 to 4 weeks after surgery should be considered. 

Patientss receiving chemotherapy while in hospital, as well as patients with 
cancerr who are bedridden, should receive prophylaxis with standard dosages 
off  low molecular weight heparin151. For ambulatory patients receiving chemo-
therapyy for metastatic breast cancer, low dose warfarin (1 mg daily for 6 
weeks,, thereafter titrated to achieve an INR between 1.3 and 1.9) has been 
shownn to be safe and effective in preventing venous thromboembolism. 
Patientss with cancer and indwelling central intravenous catheters are at a high 
riskk of developing catheter-related thrombosis. Low-dose oral anticoagulants 
orr prophylactic dosages of low molecular weight heparin have been shown to 
bee effective in these patient151. 

TreatmentTreatment of venous thromboembolism 
Thee treatment of an acute episode of venous thromboembolism in patients 
withh cancer does not differ from the usual approach of initial treatment with 
loww molecular weight heparin or heparin for a minimum of at least 5 days 
andd until anticoagulation with vitamin K antagonists is stable at an INR be-
tweenn 2.0 and 3.0. Because the risk of recurrence of venous thromboembo-
lismm after stopping oral anticoagulants in patients with active cancer is high, 
anticoagulantt treatment should be continued for as long as the cancer is ac-
tive1".. Some patients with metastatic cancer have recurrent venous thrombo-
embolismm despite treatment with therapeutic doses of oral anticoagulants. 
Thesee patients can be treated with a more intensive oral anticoagulant regi-
menn (INR 3.0 to 4.0), with therapeutic doses of low molecular weight heparin, 
orr in intractable cases, with a combination of oral anticoagulants and low 
molecularr weight heparin. 
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Screeningg for  inherited or  acquired thrombophili a 

PatientsPatients with venous thromboembolism 
Untill  recently, screening for thrombophilic defects was usually performed in 
thee patients with: idiopathic or recurrent venous thromboembolism; a first 
episodee of thrombosis; at a young age, thrombosis at unusual sites; or with a 
strongg family history. However, after the factor V Leiden mutation, hyperho-
mocysteinemia,, and the prothrombin 20210A mutation were identified, the 
probabilityy of finding a thrombophilic defect increased from less than 10% to 
overr 50%. Furthermore, it is now clear that: 1) half of the first thromboembolic 
episodess in patients with thrombophilia are not idiopathic, but occur in high 
riskk situations;and 2) that many patients have their first episode later in life. 
Therefore,, the presence of thrombophilic defects are difficult to predict on the 
basiss of clinical findings. Since the identification of a thrombophilic defect is 
likelyy to result in an intensification of prophylaxis during high-risk situations 
andd to an increase in the duration of oral anticoagulant after an episode of 
symptomaticc thrombosis, it may be justified to screen all patients with venous 
thromboembolismm for inherited thrombophilic defects, lupus anticoagulant 
andd anticardiolipin antibodies. 

FamilyFamily screening for inherited thrombophilia 
Afterr identificating a propositus with an inherited thrombophilic defect, a de-
cisionn about family screening has to be made. Since antithrombin, protein C, 
orr protein S deficiency, the factor V Leiden mutation and the prothrombin 
20210AA mutation are transmitted as an autosomal dominant inheritance, half 
off  the first degree relatives wil l be carriers. In order to justify family screening, 
thee benefits need to be balanced against the possible hazards of identifying 
asymptomaticc individuals. Identification of an asymptomatic individual would 
probablyy lead to a more vigorous prophylactic approach during surgery, 
traumaa or immobilization, to the use of anticoagulants during the postpartum 
period,, and to contraceptive counseling. These potential benefits should be 
weighedd against the disadvantages of creating concern in asymptomatic indi-
vidualss and to causing bleeding during prophylactic anticoagulation. Family 
screeningg is probably justified in antithrombin, protein C, and protein S defi-
ciency.. However, whether the same is true for the factor V Leiden mutation or 
thee prothrombin 20210A mutation, is questionable and a matter of debate16'"3. 

ScreeningScreening for cancer in patients with venous thromboembolism 
Thee aim of screening patients with venous thromboembolism for the presence 
off  an occult malignant disease, is to improve the prognosis in patients in 
whomm the diagnosis of cancer is made. In general, there is a clinically and 
statisticallyy significant higher incidence of newly diagnosed cancers in patients 
withh idiopathic venous thromboembolism, whereas the incidence of cancer in 
patientss with secondary thrombosis is comparable to that in the general 
population154.. Extensive screening for malignancy (with use of CT-scanning, 
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endoscopyy and tumor markers) in patients with venous thromboembolism, 
hass the ability to detect occult cancer, but there is no evidence that an early 
diagnosiss leads to improved survival or is other beneficial for these patients154. 
Therefore,, it is appropriate to maintain a low threshold of suspicion for ma-
lignancyy in patients with unexplained venous thromboembolism, but to base 
decisionss to perform additional diagnostic tests on the initial clinical evalua-
tionn and results of routine laboratory tests and chest x-ray1M '". 
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Abstract t 

Background:Background: Factor V Leiden mutation is a genetic defect associated with an 
increasedd incidence of venous thromboembolism. When the incidence of ve-
nouss thromboembolism in relatives of patients known to have the mutation 
outweighss the disadvantages of prophylactic strategies, family screening may 
bee necessary. 

Objective:Objective: To determine the incidence of venous thromboembolism in first-
degreee relatives of symptomatic carriers of factor V Leiden mutation. 

Design:Design: Retrospective blinded study. 

Setting:Setting: University hospitals. 

Participants:Participants: 437 first-degree relatives of 112 heterozygous propositi and 30 
relativess of 6 homozygous propositi. 

Measurements:Measurements: Before DNA testing, information on previous venous thrombo-
embolismm and concomitant risk factors was obtained. Relatives with and with-
outt factor V Leiden mutation were compared. 

Results:Results: The annual incidence of thromboembolism in relatives of heterozy-
gouss propositi was 0.45% (95% CI 0.28-0.61%) in those with the mutation and 
0.10%% (95% CI 0.02%-0.19%) in those without the mutation (relative risk, 4.2 
195%)) CI 1.8%-9-9%]). Among carriers, the incidence increased from 0.25% 
(95%% CI 0.12%-0.49%) in the 15- to 30 year-old age-group to 1.1% (95% CI 
0.24%-3.33%)) in persons older than 60 years of age. Half of the episodes of 
venouss thromboembolism occurred spontaneously, 20% were related to sur-
gery,, and 30% were associated with pregnancy or use of oral contraceptives. 

Conclusions:Conclusions: The observed low annual risk for venous thromboembolism in 
personss carrying the factor V Leiden mutation does not seem to outweigh the 
riskss for bleeding associated with coumarin prophylaxis or to justify discour-
agementt of the use of oral contraceptives. A general policy of screening the 
familiess of all patients with factor V Leiden mutation does not seem indicated. 
Thee observations in this moderate-size, retrospective study need to be con-
firmedd by prospective follow-up studies. 
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Untill  recently, the cause of venous thromboembolism remained obscure in 
mostt patients with the disease. Isolated deficiencies of physiologic inhibitors 
off  the coagulation system, such as antithrombin, protein C, and protein S, 
couldd be detected in only about 8% of consecutive patients with documented 
venouss thromboembolism'. In 1994, resistance to activated protein C was re-
portedd as a new risk factor for venous thromboembolism2. Researchers then 
foundd that a single point mutation in the factor V gene at the major cleavage 
sitee of activated protein C causes this phenomenon (also called FVrQ506 muta-
tionn or factor V Leiden mutation)". This mutation is now considered the most 
commonn genetic defect leading to an increased risk for venous thromboem-
bolism,, with a prevalence as high as 20% to 50% in patients with thrombosis26. 
Thee overall prevalence in western populations has been estimated to be ap-
proximatelyy 5%7. Earlier studies have shown that the relative risk for venous 
thromboembolismm in heterozygous carriers of the factor V Leiden mutation 
comparedd with healthy controls is approximately 72'6. This value may increase 
too 30 when other risk factors, such as exposure to oral contraceptives, are 
simultaneouslyy present8. However, recent studies found a lower relative risk, 
probablyy as a result of differences in patient selection910. 

Givenn that half of the relatives of each patient who has thrombosis and the 
mutationn wil l carry the same defect - (because of the autosomal dominant 
inheritancee pattern of the factor V Leiden allele) - a clinical dilemma emerges. 
Shouldd families of patients known to have the factor V Leiden mutation be 
activelyy screened for the presence of the mutation in order to consider insti-
tutingg prophylactic anticoagulant strategies, either permanently or during 
high-riskk situations? 

Forr any genetic disorder, the benefits of early detection and appropriate 
preventivee measures need to be balanced against the disadvantages of 
screeningg asymptomatic persons and labeling them as having a disease. The 
primaryy benefits of screening is the ability to prevent disease or treat it at an 
earlierr stage. Disadvantages include the psychological stress induced among 
carrierss of the genetic defect, the risks associated with the prevention or 
treatmentt of the disorder and the economical consequences. To rationally 
decidee whether the benefits outweigh the disadvantages, it is crucial to know 
thee absolute risk for the clinical expression of the disorder and its potentiating 
factors.. If this information is available for the factor V Leiden mutation it may 
becomee feasible to weigh the risk for venous thromboembolism against the 
knownn benefits and hazards of anticoagulant prophylaxis. We therefore in-
vestigatedd 467 first-degree relatives of 118 consecutive patients seen at our 
institutionss with documented venous thromboembolism and the factor V Lei-
denn mutation. For all relatives, we obtained a medical history with special 
emphasiss on previous episodes of venous thromboembolism and the expo-
suree to such risk factors as surgery, immobilization, pregnancy and the use of 
orall  contraceptives. We then determined the presence or absence of factor V 
Leidenn mutation and compared the findings in family members who have the 
mutationn with those family members who have a normal genotype. 
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Methods s 

PatientsPatients and study design 
InIn the participating centers, all patients with a proven episode of venous 
thromboembolismm are tested for the presence or absence of an underlying 
coagulationn disorder. A total of 118 patients with factor V Leiden mutation 
weree invited to participate in this project and were considered propositi. One 
hundredd twelve of these propositi were heterozygous carriers of the mutation 
(366 men and 76 women; mean age at time of first thromboembolic event, 36 
years)) and 6 were homozygous carriers (2 men and 4 women; mean age at 
timee of first thromboembolic event, 29 years). 

Al ll  living first-degree relatives (parents, siblings and children older than 15 
yearss of age) of the propositi, identified through pedigree analysis, formed the 
studyy cohort. Incidence of venous thromboembolism and the exposure to 
establishedd risk factors in the first-degree family members of heterozygous 
andd homozygous propositi were analyzed separately. 

Afterr reading written information about the aims and design of the study, 
eachh family member was interviewed by one of the investigators using a stan-
dardizedd medical history form. Detailed information was obtained about pre-
viouss episodes of venous thromboembolism, surgical interventions, trauma, 
periodss of immobilization and prophylactic or therapeutic use of anticoagu-
lantt drugs. For women, the use of oral contraceptives and the obstetric history 
weree documented. At the end of the outpatient visit blood was obtained for 
determinationn of the factor V Leiden mutation. The factor V Leiden mutation 
statuss (normal, heterozygous, and homozygous) was determined by using a 
polymerasee chain reaction-based assay, as described previously5. The institu-
tionall  review boards of the participating centers approved the study, and all 
participantss gave informed consent. 

Definitions Definitions 
AA previous episode of venous thromboembolism was considered to have oc-
curred,, if it had been confirmed by venography, ultrasonography, impedance 
plethysmography,, ventilation-perfusion lung scanning, or pulmonary angiog-
raphy.. When no objective testing had been done, but the patient had received 
full-dosee intravenous heparin or oral anticoagulants for at least 3 months, he 
orr she was considered to have previously had venous thromboembolism and 
wass included in the analysis. For this classification, the patients' charts were 
reviewed. . 

Episodess of increased risk for venous thromboembolism included preg-
nancy,, surgery, trauma, immobilization for more than 7 days, and use of oral 
contraceptives.. An episode of venous thromboembolism was considered to be 
relatedd to such a situation when it occurred within 3 months of the last day of 
thatt situation. Observed years are all years since the age of 15 years until in-
clusionn in the study or until the date of the first venous thromboembolic 
event;; this time period was chosen because it was considered to reflect the 
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durationn of exposure to the risk for venous thromboembolism. The age of 15 
yearss was chosen because venous thrombosis rarely occurs in children. The 
informationn from the medical history (and, if necessary from other sources) 
wass classified without knowledge of the factor V Leiden status. 

StatisticalStatistical analysis 
Thee overall and age-specific annual incidence of a first episode of venous 
thromboembolismm was calculated in relatives with and those without the fac-
torr V Leiden mutation by dividing the number of symptomatic family mem-
berss by the observed years. The relative risk for the development of a first 
episodee of venous thromboembolism (adjusted for extremes if necessary) was 
calculatedd by dividing the incidence of venous thrombosis in family members 
withh the mutation by the incidence in family members with the normal geno-
type.. The 95% CIs were calculated according to normal approximation of the 
binomiall  distribution. We calculated a Kaplan-Meier estimate for a visual as-
sessmentt of event-free survival in relatives with and those without the muta-
tion.. The relative risk (and its mid-P corrected 95% CI) for pregnancy-, and 
surgery-relatedd venous thromboembolism was calculated by using a Cox 
model.. For this purpose, a risk period was considered as a unit of time, and 
personss who had not had a thromboembolic event by the end of their last 
riskk period were considered to be censored. If a relative had had an episode 
off  venous thromboembolism, all subsequent high risk situations were ex-
cludedd from the analysis to avoid enhancing risk and because anticoagulant 
prophylaxiss is often given after such an episode. 

Results s 

Thee pedigrees of the 118 propositi with documented venous thromboembo-
lismm and the factor V Leiden mutation revealed 689 first-degree family mem-
berss older than 15 years of age. Of these, 127 had died before the study be-
gan.. Of these deceased relatives, 116 were parents of the propositi (mean age 
att the time of study entry, 43 years [range, 17 to 89 years]) or siblings of eld-
erlyy propositi. For 9 other relatives, the cause of death was reported and was 
nott related to venous thromboembolism. For 1 relative, neither the age at time 
off  death nor the cause of death was known. Two sudden deaths, occurring at 
288 years of age (brother of a propositus) and 55 years of age (mother of a 
propositus),, were reported. Twenty-one relatives were unavailable because 
theyy lived outside of the Netherlands. Another 74 relatives could not partici-
patee for various reasons, including reluctance to undergo assessment of ge-
neticc disorders, inability to give consent, and the presence of terminal dis-
eases.. Thus, a total of 467 first-degree family members were included in the 
studyy (response rate of living family members, 83%; overall response rate, 
68%).. Of the 467 family members, 437 were related to the 112 heterozygous 
propositi;; 30 family members were related to the 6 homozygous propositi. 
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Off  the 437 relatives of heterozygous propositi, approximately half carried the 
factorr V Leiden mutation (Table 1). Of the 236 family members with the mu-
tation,, 7 were found to be homozygotes. Six family members without the 
mutationn and 29 family members with the mutation reported having had ve-
nouss thromboembolism. In the group without the mutation, 1 person had 
pulmonaryy embolism, 3 had deep venous thrombosis of the popliteal vein, 
andd 2 had thrombosis that extended into the femoral vein. In the relatives 
withh the mutation, these figures were 6, 13, and 10, respectively. The absolute 
annuall  incidence of a first episode of venous thromboembolism was 0.10% 
(95%% CI 0.02%-0.19%) in the group with a normal genotype and 0.45% (95% 
CII  0.28%-0.6l%) in the group with the mutation. Thus, the overall relative risk 
forr a first episode of venous thromboembolism among family members with 
thee factor V Leiden mutation was 4.2 (95% CI 1.8-9-9). Table 2 shows the age-
specificc annual incidence of a first episode of thrombosis in relatives with and 
thosee without the mutation; the absolute annual incidence in the youngest age 
groupp with the mutation was 0.25% (95% CI 0.12%-0.49%). This rate gradually 
increasedd to 1.1% (95% CI 0.24%-3-33%) in the affected relatives older than 60 
yearss of age. Figure 1 shows the thrombosis-free survival curves in family 
memberss with and those without the mutation. 

TableTable 1 Presence of the factor V Leiden mutation, clinical characteristics 
andd frequency of a first episode of venous thromboembolism in 
4377 first-degree relatives of 112 heterozygous propositi 

FV:Q*""  mutation 

Numberr (%) 

malee (%) 

femalee (%) 

Meann age, yr 

(range) ) 

Personss with VTE 

Observedd years, yr 

Incidence/yearr (%) 

(95%% CI) 

relativee risk 

absent t 

2011 (46) 

944 (47) 

1077 (53) 

44 4 

(16-84) ) 

6 6 

5716 6 

0.10 0 

(0.02-0.19) ) 

--

present t 

2366 (54) 

1055 (44) 

1311 (56) 

45 5 

(16-88) ) 

29 9 

6524 4 

0.45 5 

(0.28-0.61) ) 

4.2* * 

 95% CI 1.8-9.9 
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FigureFigure 1 Thromboembolic event-free survival in 236 first-degree relatives 
off  112 heterozygous propositi. 

'—I I 

uu " 
r r 
v v 
11 o * . 

v v 
a a 
I I 

r r 
OO l O 2 0 3 0 4 0 SO GO TO SO 

Thee black lines represent relatives without the factor V Leiden mutation, the dashed lines those 
withh the factor V Leiden mutation. 

Inn the family members with a normal genotype 4 of the 6 persons with 
thrombosiss were men; in the relatives with the mutation, two-thirds of those 
withh thrombosis were women (11 of 29 persons). Of the 29 relatives with ve-
nouss thrombosis and the mutation, 3 were homozygotes. All 6 persons in the 
groupp without the factor V Leiden mutation had a single episode of thrombo-
sis,, whereas a second episode of venous thromboembolism occurred in 8 of 
thee 29 relatives with the mutation. Five of these episodes occurred spontane-
ously,, 1 was related to surgery and 2 were related to pregnancy. In 1 relative, 
whoo was a homozygote, 2 recurrent episodes of pulmonary embolism oc-
curredd spontaneously. 

Off  the 30 family members of 6 homozygous propositi, 2 relatives had a 
normall  genotype, whereas 28 carried of the factor V Leiden mutation (Table 
3).. Four of the 28 relatives with the mutation were found to be homozygotes. 
Inn the 28 relatives with the mutation, the absolute annual incidence of venous 
thromboembolismm was 0.40% (95% CI 0.01%-0.90%). Of the 3 relatives with 
thrombosiss and the mutation, 1 was a homozygote. 

AA further analysis of the association with established risk factors was lim-
itedd to the 437 first-degree family members of the 112 heterozygous propositi. 
Meann age at the time of the first episode was 41 years (range, 17 to 79 years) 
inn the group with the mutation and 48 years (range, 35 to 6l years) in the 
groupp without the mutation. In both groups, half of the thrombotic episodes 
occurredd spontaneously (Table 4). Among women who used oral contracep-
tives,, the relative risk for venous thromboembolism was 3.3 in those who had 
thee factor V Leiden mutation compared with those who did not have the mu-
tation.. The absolute annual incidence of venous thrombosis among women 

V V 

e e 
n n 
t t 

f f 

e e 
e e 

s s 

o.aa -

0 . 6 " " 

- u ^ ^ __ ' 
% — — — 



82 2 ChapterChapter 4 

whoo had the mutation and used oral contraceptives was low (0.48% [95% CI 
0.1%-1.40%).. No pregnancy-related episodes of venous thromboembolism 
occurredd in the group with the normal genotype; in the group with the factor 
VV Leiden mutation, 5 of 235 pregnancies were complicated by venous throm-
boembolism.. Four of these episodes occurred within 6 weeks postpartum, 
andd 1 occurred a few days before delivery. In the group without the mutation, 
22 episodes of venous thromboembolism were related to surgery, immobiliza-
tion,, or trauma; in those with the mutation, 6 episodes (including 2 for which 
prophylacticc anticoagulants were used) were related to these risk factors 
(relativee risk, 2.4 [95% CI 0.5-12). 

TableTable 2 Age-specific annual incidence of a first episode of venous throm-
boembolismm in 437 relatives of the 112 heterozygous propositi 

FV.Q™ FV.Q™ 

mutation mutation 

absent absent 

FV.Q™ FV.Q™ 

mutation mutation 

present present 

Agee group 

firstfirst VTE 

observedd yrs 

ann.incid.(%) ) 

(95%% CI) 

firstfirst VTE 

observedd yrs 

ann.incid.(%) ) 

(95%% CI) 

Relativee risk 

(95%% CI) 

15-300 yrs 

0 0 

2757 7 

0.0 0 

(0-0.13) ) 

8 8 

3149 9 

0.25 5 

(0.12-0.49) ) 

== 15 

(0.9-257) ) 

30-455 yrs 

2 2 

1848 8 

0.11 1 

(0.02-0.39) ) 

10 0 

2133 3 

0.47 7 

(0.23-0.86) ) 

4.3 3 

(1.0-20) ) 

45-600 yrs 

3 3 

868 8 

0.35 5 

(0.07-1.01) ) 

8 8 

981 1 

0.82 2 

(0.35-1.61) ) 

2.4 4 

(0.6-8.9) ) 

overr 60 yrs 

1 1 

243 3 

0.41 1 

(0.01-2.28) ) 

3 3 

261 1 

1.1 1 

(0.24-3.33) ) 

2.8 8 

(0.3-27) ) 

TableTable 3 Presence of the factor V Leiden mutation, clinical characteristics 
andd frequency of a first episode of venous thromboembolism in 
300 first-degree relatives of 6 homozygous propositi 

FV:Qvlf '' mutation absent t present t 

numberr (%) 

malee (%) 

femalee (%) 

Meann age 

(range) ) 
Personss with VTE 

Observedd years (yr) 

Annuall  incidence (%) 

95%% CI 
Relativee risk 

2 ( 7) ) 

0 ( 0) ) 

22 (100) 

33 3 

(22-43) ) 
0 0 

35 5 

0.0 0 

(0.0-10.0) ) 
--

288 (93) 
122 (43) 
166 (57) 
43 3 
(15-76) ) 
3 3 
750 0 
0.40 0 
(0.01-0.90) ) 
3.0* * 

 95% CI 0.2-0.9 
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TableTable 4 Relation of first episodes of venous thromboembolism with 
establishedd risk factors in the 437 first-degree relatives of the 
1122 heterozygous propositi 

FViQ***  mutation absent present 

29 9 
155 (52) 

3 3 
624 4 

0.48 8 

(0.10-1.40) ) 

3.3* * 
5 5 
235 5 
2.1 1 
(0.69-4.90) ) 

6 6 
325 5 
1.8 8 

(0.68-4.00) ) 

2.4t t 

number r 

spontaneouss (%) 

orall  contraceptive 

yearss of use, yr 

annuall  incidence 

(95%% CI) 

relativee risk 

pregnancy-related d 

NN episodes 

incidencee (%) 

(95%% CI) 

relativee risk 

operation/trauma/ / 

immobilisation n 

NN episodes 

incidencee (%) 

(95%% CI) 

relativee risk 

 95% CI 0.3-31 
tt 95% CI 0.5-12 

Discussion n 

6 6 

3(50) ) 

1 1 

677 7 

0.15 5 

(0.01-0.82) ) 

--

0 0 

188 8 

0 0 

(0.00-1.94) ) 

--

2 2 

262 2 

0.7 7 

(0.09-2.73) ) 
--

Ourr findings indicate that a first-degree relative of a symptomatic heterozy-
gouss propositus has an absolute annual risk for a first episode of venous 
thromboembolismm of only 0.45% (95% CI 0.28%-0.6l%). This is approximately 
fourfoldd higher than the risk in non-affected family members (Table 1). The 
relativee risk between carriers and non-carriers of the factor V Leiden mutation 
iss higher in the younger age group (15 to 30 years), probably because of 
pregnanciess and the exposure to oral contraceptives in women. However, it is 
importantt to note that the absolute risk in this age group is low, compared 
withh the older age groups who carry and do not carry the mutation (Table 2). 
Thee observed annual incidence in the relatives with a normal genotype is 
similarr to the reported population risk for venous thromboembolism11. The 
overalll  relative risk found in our study, which included relatives of unselected 
propositi,, seems to be lower than that seen in case-control studies26 but is 
similarr to that observed in the large prospective Physicians' Health Study9. We 
alsoo studied the absolute annual incidence of a first episode of venous throm-
bosiss in the relatives of six symptomatic patients known to be homozygous 
forr the factor V Leiden mutation. Although we could study only 30 first-degree 



84 4 ChapterChapter 4 

relatives,, the observed absolute annual incidence (0.40% [95% CI 0.01%-
0.90%])) did not differ from that seen in the relatives of the heterozygous 
propositii  (Table 3)-

Whenn the first thromboembolic episodes in the relatives with the mutation 
weree analyzed in relation to precipitating factors, we found that approxi-
matelyy 50% of the episodes occurred spontaneously, whereas only 20% were 
relatedd to surgery, trauma, or immobilization (Table 4). Most of these latter 
casess occurred when routine prophylaxis of thrombosis was not common 
practice.. The remaining episodes of venous thromboembolism in these af-
fectedd family members were related to either oral contraceptive use or preg-
nancy. . 

Severall  methodologie aspects of our study warrant comment. First, our 
studyy had a retrospective design. To limit the potential for bias, we used a 
standardizedd history form for all study participants, applied strict, criteria de-
finedd a priori for previous episodes of venous thromboembolism, and ob-
tainedd all information without knowledge of DNA test results. Second, al-
thoughh the response rate of the available family members was high (83%), we 
couldd not investigate the deceased relatives. However, it is unlikely that the 
incidencess we observed are underestimated by early deaths in carriers of the 
factorr V Leiden mutation that were caused by venous thromboembolism. It 
hass previously been documented that the life expectancy of persons with 
otherr hereditary defects causing familial thrombophilia is normal1213, and there 
iss no reason to believe that the situation for the factor V Leiden mutation is 
different.. Moreover, if we contemplate the following worst case scenario, in 
whichh the factor V Leiden mutation would have been present in two-thirds of 
thee deceased family members (and assuming that the life expectancy of these 
relativess would be shortened to 65 years and that 25% of these carriers would 
havee had their first episode of venous thromboembolism by the age of 40 
years),, the overall annual incidence only increases from 0.45% to 0.5%. Al-
thoughh the inability to include deceased relatives is an important limitation of 
ourr retrospective study, this worst case scenario indicates that this limitation 
doess not materially affect the observed incidence. On the other hand, the ob-
servedd absolute risk for thromboembolism in the first-degree relatives in our 
studyy may be slightly overestimated. Although the criteria used to classify pre-
viouss episodes of venous thromboembolism have been shown to be accurate, 
thee inclusion of patients with clinically diagnosed episodes of previous ve-
nouss thromboembolism followed by anticoagulant treatment probably inflates 
thee observed absolute annual incidence14. Thus, we are confident that our 
estimationn of the annual risk for venous thromboembolism in carriers of the 
factorr V Leiden mutation is valid. 

Whatt are the implications of our findings for actively identifying non-
symptomaticc carriers of the factor V Leiden mutation? For these persons, two 
prophylacticc strategies are available in theory - the institution of lifelong 
coumarinn treatment or anticoagulant prophylaxis limited to high-risk situa-
tions.. Given the low risk for thrombotis in carriers of the factor V Leiden mu-
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tationn and the known risk for major bleeding associated with therapeutic dos-
agess of coumarin (2% to 10% per year)1*'16, the first strategy does not seem to 
bee an option and wil l probably cause more harm than good. In considering 
thee other strategy, it should be realized that half of the episodes of venous 
thromboembolismm wil l not be prevented because they occur spontaneously. 
Inn addition, most of the thromboembolic complications occurring after sur-
gery,, trauma, or immobilization we noted in our study occurred when routine 
thrombosiss prophylaxis was not commonly used. It is plausible that the now-
standardd heparin prophylaxis wil l prevent most of these postoperative 
thrombi.. Thus, family screening would not lead to a prophylactic approach in 
carrierss of the factor V Leiden mutation during high-risk situations that is dif-
ferentt from common practice. A possible exception to this reasoning may be 
familiess with an extraordinary history of fatal, recurrent venous thromboem-
bolismm that occurred at a young age in several family members. 

Thee appropriate approach with respect to screening for two other high-risk 
situationss (that is, pregnancy and oral contraceptive use) is more complex. In 
ourr study, approximately 2% of pregnancies in carriers were complicated by 
venouss thromboembolism. This rate is 5- to 10-fold higher than the reported 
incidencee of pregnancy-related thrombosis in the general population11 '17'18. To 
reducee this relatively high incidence of thrombosis in carriers of the mutation, 
prophylacticc use of low-molecular-weight heparin should begin during the 
puerperiumm and probably also during the last trimester, as has been suggested 
forr other hereditary thrombophilic defects1". Such a strategy, however, with its 
inherentt inconvenience and risks for bleeding, osteoporosis, and thrombocy-
topenia,, wil l then be unnecessarily given to 980 of 1000 pregnant carriers of 
thee mutation. It is therefore questionable whether identifying asymptomatic 
carrierss of the factor V Leiden mutation before they intend to become preg-
nantt is desirable. Should female family members who are beginning to use 
orall  contraceptives be screened for the presence of the factor V Leiden muta-
tionn in order to discourage the use of oral contraceptives in those with the 
mutation?? Our results indicate that to prevent three episodes of venous 
thromboembolismm by family screening, 1000 young women with the mutation 
wouldd have to be discouraged from using oral contraceptives, without know-
ingg the scope of morbidity that results from such advice. 

Onn the basis of these considerations and our data (and in contrast to sug-
gestionss in other papers19,20), we conclude that no major benefit is to be ex-
pectedd from a general policy of screening the relatives of all patients with 
venouss thromboembolism and the factor V Leiden mutation. Our findings do 
nott support the usefulness of identifying asymptomatic carriers because this 
wil ll  not have consequences for the prophylaxis of thrombosis during surgery 
orr immobilization or for the use of oral contraceptives and prophylaxis during 
pregnancyy and puerperium. The advice about screening might be different for 
familiess with an unusual tendency for recurrent venous thromboembolism at 
youngg age. In these families, knowledge of the absence or presence of the 
mutationn may be useful in counselling women who are considering the use of 
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orall  contraceptives or who intend to become pregnant. This conclusion is in 
agreementt with that of another recent analysis21. 

Inn conclusion, affected first-degree relatives of patients with thrombosis 
andd factor V Leiden mutation had a low annual risk for a first episode of ve-
nouss thromboembolism (0.45%). This conclusion is based on a moderate-size, 
retrospectivee study with some limitations; prospective family studies should 
bee done to confirm our findings and to identify the appropriate strategy in 
familiess that may benefit from screening. 
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Abstract t 

Background:Background: The factor V Leiden mutation is a common genetic defect asso-
ciatedd with an increased risk of venous thromboembolism. The clinical impli-
cationss for asymptomatic carriers of this mutation and, consequently, the 
usefulnesss of screening families with a proband with the factor V Leiden mu-
tationn and venous thromboembolism, are unclear. 

Methods:Methods: A prospective cohort study to assess the incidence of venous throm-
boembolismm was performed in asymptomatic carriers of the factor V Leiden 
mutation,, identified by means of screening first degree relatives above the age 
off  15 of probands with the mutation, who have had an episode of venous 
thromboembolism.. The absolute annual incidence of venous thromboembo-
lismm was calculated, and the relationship with exposure to situations with an 
increasedd risk was evaluated. 

Results:Results: A total of 793 observation years in 451 asymptomatic carriers (225 
men,, mean age 43 years [range 15-88], 14 homozygous) were recorded. Four 
venouss thromboembolic events were observed, all in heterozygous carriers. 
Thee incidence of spontaneous venous thromboembolism was 0.25% (95%CI 
0.03-0.91).. The incidence per episode of surgery, trauma or immobilization 
wass 3.5% (95%CI 0.1-17.8), per pregnancy 0.0% (95%CI 0.0-46.0), and per 
yearr of oral contraceptive use 1.0% (95%CI 0.0-5.5). 

Conclusions:Conclusions: The absolute annual incidence of spontaneous venous thrombo-
embolismm in asymptomatic carriers of the factor V Leiden mutation is low and 
doess not justify routine family screening of symptomatic patients. Whether 
screeningg may be beneficial in order to adjust prophylactic strategies during 
highh risk situations for venous thromboembolism, or to discourage oral con-
traceptivee use, in all identified asymptomatic carriers of the factor V Leiden 
mutationn remains to be determined. 
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Introductio n n 

Untill  1994, only isolated deficiencies of the physiological inhibitors of the co-
agulationn system, antithrombin, protein C, and protein S, were recognized as 
inheritedd risk factors for venous thromboembolism. They could only be de-
tectedd in a small minority of patients with the disease1. In 1994, resistance to 
activatedd protein C was reported as a new and prevalent risk factor for ve-
nouss thrombosis2 and soon thereafter was found to be caused by a single 
pointt mutation in the factor V gene at the major cleavage site of activated 
proteinn C (also called factor V Leiden mutation or FViQ506 mutation)3"5. The 
factorr V Leiden mutation has a prevalence as high as 20% to 50% in patients 
withh documented venous thrombosis26, and an overall prevalence in western 
populationss of approximately 5%7. Case-control studies have shown an in-
creasedd risk of venous thromboembolism in heterozygous carriers of the fac-
torr V Leiden mutation compared with healthy controls of 3 to 72,6*' . 

Thee clinical implications for asymptomatic carriers of the factor V Leiden 
mutationn are a matter of debate10'11. It is only worthwhile, or even necessary, 
too screen relatives of patients known to have the factor V Leiden mutation for 
thee presence of the mutation if anticoagulant prophylactic strategies, either 
permanentlyy or during high-risk situations, are indicated in asymptomatic car-
riers.. As for any genetic disorder, the benefits of early detection and appropri-
atee preventive measures need to be balanced against the disadvantages of 
screeningg asymptomatic persons, labeling them as having a disease, and the 
risksrisks of complications of the preventive treatment. To rationally decide 
whetherr the benefits of screening for the factor V Leiden mutation outweigh 
thee disadvantages, it is crucial to know the absolute risk of venous thrombo-
embolismm in carriers of the factor V Leiden mutation and its potentiating fac-
tors,, such as surgery, trauma, immobilization, pregnancy and oral contracep-
tivee use, and weigh the risk against the known risk of hemorrhage associated 
withh anticoagulant prophylaxis. Earlier studies on the absolute risk of venous 
thromboembolismm in carriers of the factor V Leiden mutation were carried out 
eitherr retrospectively, had only small numbers of patients, or consisted of se-
lectedd populations12' . We previously reported a retrospective study of first-
degreee relatives of consecutive patients with documented venous thrombo-
embolismm and the factor V Leiden mutation in which we found an overall in-
cidencee of venous thromboembolism of 0.45% per year after the age of 15, 
whichh varied between 0.25% for the group aged 15-30 years to 1.1% per year 
forr persons over 60-years-of age12. In the present study, we prospectively fol-
lowedd the cohort of 451 first-degree relatives of symptomatic, unselected pro-
positi,, who were found to be asymptomatic carriers of the factor V Leiden 
mutation,, and determined the absolute incidence of venous thromboembolism 
andd the relationship with established exogenous risk factors. 
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Methods s 

SubjectsSubjects and study design 
Inn the participating centers, all patients with a proven episode of venous 
thromboembolismm are tested for the presence or absence of an underlying 
coagulationn disorder. First degree relatives (parents, siblings and children 
olderr than 15 years of age) of patients with the factor V Leiden mutation were 
interviewedd for previous episodes of venous thromboembolism using a vali-
datedd questionnaire17, before the factor V Leiden mutation status (normal, het-
erozygous,, and homozygous) was determined by a polymerase chain reac-
tion-basedd assay, as described previously5. All asymptomatic carriers of the 
factorr V Leiden mutation, who were identified before December 1, 1997, sub-
sequentlyy entered the prospective follow up study. The end date of the study 
wass June 1, 1998. 

Participatingg relatives were instructed to seek immediate medical attention 
whenn clinical signs or symptoms of deep vein thrombosis or pulmonary em-
bolismm occurred, so that objective diagnostic tests could be performed. Fur-
thermore,, there was a regular follow up contact every 6 months, using a stan-
dardizedd evaluation form to identify the occurrence of venous thromboembo-
lism,, the exposure to established risk factors for venous thromboembolism, 
andd prophylactic or therapeutic use of anticoagulant drugs. For women, the 
usee of oral contraceptives, and details about pregnancy and postpartum pe-
riodd were documented. 

Thee institutional review boards of the participating centers approved the 
study,, and all participants gave informed consent. 

Definitions Definitions 
Wheneverr clinical signs or symptoms of venous thromboembolism occurred, 
establishedd objective tests were performed to exclude or confirm the diagno-
siss (compression ultrasound of the femoral or popliteal veins, if necessary 
followedd by venography for suspected deep vein thrombosis and ventilation-
perfusionn lung scanning, and/or pulmonary angiography for suspected pul-
monaryy embolism). At all times, the patients' charts were reviewed and if nec-
essaryy the treating physicians were contacted. 

Episodess of increased risk for venous thromboembolism included surgery, 
trauma,, immobilization for more than 7 days, pregnancy, and use of oral con-
traceptives.. Venous thromboembolism was considered to be related to such a 
situationn if it occurred during or within 3 months of the last day of the par-
ticularr situation, or during use of oral contraceptives. The observation time 
wass defined as the time since the day of inclusion in the study until June 1, 
1998,, or the date of the first venous thromboembolic event. The minimum 
followw up was 6 months. 
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StatisticalStatistical analysis 
Thee overall annual incidence of a first episode of venous thromboembolism 
wass calculated. The 95% CIs were calculated according to normal approxima-
tionn of the binomial distribution. In addition, the relationship of venous 
thromboembolismm with the exposure to exogenous risk factors, was analyzed. 
Wee calculated a Kaplan-Meier estimate for visual assessment of the cumulative 
incidencee of venous thromboembolism. 

Results s 

AA total of 451 asymptomatic carriers (225 men and 226 women) with a mean 
agee of 43 years (range 15-88) at entry were included in the study. These car-
rierss were first degree relatives of 205 symptomatic propositi (192 heterozy-
gouss and 13 homozygous). Of the asymptomatic carriers, 14 (5 men and 9 
women)) turned out to be homozygous for the factor V Leiden mutation. Dur-
ingg follow up, 1 woman died at age 63 of pulmonary carcinoma, without 
havingg suffered from symptomatic venous thromboembolism. Four carriers 
withdreww consent (1 male aged 86 years and 1 female aged 77 years, because 
off  old age;2 males, aged 38 and 48 years for personal reasons;none of these 
individualss suffered from venous thromboembolism, according to their par-
ticipatingg relatives). There was a mean follow up of 1.8 year per carrier (range 
6-399 months) with a total of 793 observation years (including 25 for the ho-
mozygouss carriers). In the cohort of 451 carriers, four heterozygous carriers 
sufferedd  from a venous thromboembolic event, so that the overall absolute 
annuall  incidence of venous thromboembolism was 0.50% (95% CI 0.13-1.3). 
Twoo of these events occurred spontaneously (incidence 0.25%, 95% CI 0.03-
0.91%),, and one occurred 3 weeks after surgery for a herniated disc, despite 
prophylaxiss with low-molecular-weight heparin during the 7 days in-hospital 
stay.. The fourth event occurred during oral contraceptive use in a female who 
hadd continuously been taking oral oral contraceptives for 10 years. The clini-
call  characteristics of these patients and details about the thromboembolic 
eventss are summarized in Table 1. Figure 1 shows the cumulative incidence of 
venouss thromboembolism in the study cohort. 

Thee number of high risk situations that were recorded during the study, 
aree summarized in Table 2. Twenty-nine episodes of surgery, trauma, or im-
mobilizationn for longer than 7 days were encountered, for which the treating 
physicianss initiated standard thrombosis prophylaxis. One of these episodes 
wass complicated by pulmonary embolism 3 weeks thereafter. The incidence 
off  surgery-related venous thromboembolism despite the use of routine, in-
hospitall  thrombosis prophylaxis was therefore 3.5% (95% CI 0.1-17.8). Fur-
thermore,, there were another 40 episodes of surgery or trauma (including cast 
immobilisationn of the lower extremities), for which no prophylaxis was in-
stalled.. None of these episodes was complicated by venous thromboembo-
lism. . 
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TableTable 1 Clinical characteristics of the individuals who experienced 
venouss thromboembolism (VTE) during follow up 

Agee at time of 

VTE,, yr 

60 0 

32 2 

55 5 

26 6 

Gender r 

male e 

male e 

male e 

female e 

Kindd of VTE 

Leftt popliteal vein 

thrombosis s 

Pulmonary y 

embolism m 

Rightt femoral vein 

thrombosiss and 

pulmonaryy embo-

lism m 

Leftt popliteal vein 

thrombosis s 

Diagnosticc method 

Compression n 

ultrasound d 

Ventilation-perfusion n 

scan n 

Compression n 

ultrasound d 

Compression n 

ultrasound d 

Elicitingg high-risk 

situation n 

no o 

Surgeryy for a 

herniatedd disc* 

No o 

Usee of oral 

contraceptives* * 

**  3 weeks after surgery;prophylaxis with low-molecular-weight heparin during 7 days 
in-hospitat t 

## during use of oral contraceptives for a period of 10 years;no change in used preparation 

TableTable 2 Relationship of venous thromboembolism with high risk 
situations s 

Highh risk situation Numberr Venous thromboembolism (incidence 

perr event (%);95%CI) 

Majorr surgery, trauma, strict immo- 29 

bilizationn > 7 days* 

Pregnancyy and postpartum period*  6 

Pregnancy,, ongoingS 8 

11 (3.5:0.1-17.8) 

00 (0.0;0.0-46.0) 

00 (0.0;0.0-37.0) 

Orall  contraceptive use, years 999 (.66 women) 1 (1.0;0.0-5.5) 

alll  episodes with standard low-molecular-weight heparin prophylaxis 
11 Caesarian section with 10 days prophylaxis postoperatively, 3 vaginal deliveries with 1 week 
loww dose low-molecular-weight heparin prophylaxis 
includingg 1 with low dose low-molecular-weight heparin prophylaxis 
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FigureFigure 1 Cumulative incidence of venous thromboembolism in 451 
asymptomaticc carriers of the factor V Leiden mutation 
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Theree were 6 full term pregnancies, while 8 were still ongoing at the time of 
thee end of the study. Of the 6 full term pregnancies, one was terminated by a 
caesarionn section with standard prophylaxis with low-molecular-weight hepa-
rinn during 10 days. Another three women used postpartum prophylaxis with 
loww dose low-molecular-weight heparin for the first week. None of the preg-
nanciess were complicated by venous thromboembolism. One woman with an 
ongoingg pregnancy used low dose low-molecular-weight heparin because of 
aa strong family history for pregnancy-related venous thromboembolism. 

Sixtyy women continued and 6 women started to use oral contraceptives for 
aa total period of 99 years. One woman experienced a deep vein thrombosis, 
soo that the incidence of oral contraceptive-related venous thromboembolism 
wass 1.0% (95% CI 0.0-5.5) per year of use. 

Discussion n 

Thiss prospective study of a large cohort of asymptomatic carriers of the factor 
VV Leiden mutation demonstrated a low absolute overall incidence of venous 
thromboembolismm of 0.50% (95% CI 0.13-1.3%) per year, which is approxi-
matelyy five times higher than the annual incidence reported for the general 
population18.. Half of the observed episodes occurred spontaneously. 

Howw do these results affect the counseling of asymptomatic relatives of 
patientss with venous thromboembolism in whom the factor V Leiden mutation 
hass been detected? Screening all their family members in order to install pro-
phylaxiss with vitamin K antagonists in carriers of the mutation is not justified, 
sincee the risk of spontaneous venous thromboembolism (0.25% per year, 95% 
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CII  0.03-0.91%) is much lower than the yearly risk of major bleeding during 
therapeuticc dose warfarin treatment which has been estimated to be between 
22 and 10%19. Whether screening is indicated to adjust standard prophylactic 
strategiess during high risk situations such as surgery, trauma, immobilization, 
pregnancyy or the postpartum period, is unclear. In the present study, low 
dosee heparin prophylaxis was given routinely to all carriers undergoing sur-
gery,, trauma, or prolonged immobilization, as is common practice in these 
situations,, irrespective of the factor V Leiden mutation. Out of 29 such epi-
sodes,, one was complicated by pulmonary embolism three weeks postopera-
tively.. Whether this absolute risk of 3.5% (95% CI 0-17.8%) justifies prolonged 
postoperativee prophylaxis, i.e. for two to four weeks, is unknown and re-
quiress appropriate investigations. Hence, we believe that at present, family 
screeningg with the aim to adjust the current routine perioperative thrombosis 
prophylaxiss is not indicated. The optimal approach of factor V Leiden carriers 
duringg pregnancy (including management of the postpartum period) is also 
debated.. In the present cohort, only six pregnancies could be studied. None 
off  these women received prophylaxis during pregnancy, although three 
womenn received low-molecular-weight heparin for the first week postpartum. 
Noo episodes of venous thromboembolism were observed either during or af-
terr pregnancy. This low rate is in agreement with previous retrospective find-
ingss in almost 400 pregnancies, which revealed a risk of approximately 2%12'\ 
Thus,, there is no convincing evidence to support a general policy of screen-
ingg all female relatives who intend to become pregnant and prescribe antico-
agulantt prophylaxis during pregnancy. However, since the majority of preg-
nancy-relatedd venous thromboembolic complications occur postpartum' , it 
mayy be justified to screen pregnant relatives, in particular when there is a 
strongg family history for venous thromboembolism, in order to consider post-
partumm prophylaxis. The remaining issue is whether screening young women 
priorr to oral contraceptive use should be advocated. In our study, 99 years of 
orall  contraceptive use in 66 women resulted in one episode of venous throm-
bosiss in a woman who had used oral contraceptives for 10 years (1.0% per 
year,, 95% CI 0.0-5-5%). Because there were only a few 'starters' in this cohort, 
somee bias toward a low risk may have been introduced. However, this annual 
incidencee is in accordance with the findings in our retrospective study of 3 
episodess in 624 years of exposure to oral contraceptives (0.48%, 95% CI 0.10-
1.40%)12.. It should be realized that 200 women need to be screened, to iden-
tifyy 100 carriers. If all these identified carriers would be advised not to use 
orall  contraceptives, a maximum of 1 venous thromboembolic event per year 
wil ll  be prevented. Whether this policy is justified, remains a matter of opinion 
andd debate10 i2'20. 

Att least two methodological issues warrant comment. First, although this is 
thee largest, prospectively foliowed cohort of asymptomatic carriers of the 
factorr V Leiden mutation reported so far, a major limitation of this study is the 
smalll  number of observed high risk situations. Therefore, firm conclusions can 
onlyy be drawn for the spontaneous absolute incidence of venous thrombo-
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embolismm in these carriers. Second, a potential for bias toward a low inci-
dencee of venous thromboembolism may be introduced by the exclusion of 
symptomaticc relatives. However, in the retrospective analysis of a large part of 
thiss study cohort, these excluded relatives were the outcome event, and the 
observedd incidence was the same as found in the present prospective study'2. 
Furthermore,, there is a broad range of individuals (15 to 88 years of age) in-
cludedd in this prospective study with an average age of 43 years, while the 
averagee age of a first venous thromboembolic event in this study was 45 
years.. Hence, we believe that it is unlikely that the exclusion of symptomatic 
relativess has influenced the findings. 

InIn conclusion, the absolute annual incidence of spontaneous venous 
thromboembolismm is too low to justify family screening of symptomatic pa-
tientss with the factor V Leiden mutation. The question whether screening may 
bee beneficial in order to adjust prophylactic strategies during surgery, trauma, 
immobilization,, pregnancy, or the postpartum period, or to discourage oral 
contraceptivee use, should be addressed in future research. 
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Abstract t 

Background:Background: An increased risk for fetal loss caused by placental thrombosis is 
probablee in carriers of the factor V Leiden mutation but has not been demon-
stratedd consistently in previous studies. 

Objective:Objective: To determine the overall risk for fetal loss and the separate risks for 
miscarriagee and stillbirth in carriers of the factor V Leiden mutation. 

Design:Design: Retrospective cohort study. 

Setting:Setting: Three university hospitals. 

Participants:Participants: 228 carriers of the factor V Leiden mutation (77 propositi, 151 
relatives)) and a 121 noncarrier relatives (controls). All participants had been 
pregnantt at least once. 

Measurements:Measurements: Risks for fetal loss, miscarriage (defined as fetal loss within 20 
weekss of gestation), and stillbirth (defined as fetal loss >20 weeks of gesta-
tion)) in women and pregnancies were estimated and compared in carriers and 
noncarriers.. Adjusted odds ratios were calculated by multiple regression 
analysis.. A random-effects model was used for comparisons of pregnancies. 

Results:Results: Fetal loss occurred in 31.6% of carriers and 22.3% of noncarriers, mis-
carriagee in 29.4% of carriers and 17.4% of non carriers, and stillbirth occurred 
inn 5.7% of carriers and 5.0% of noncarriers. Fetal loss recurred in 10.1% of 
carrierss and 4.1% of noncarriers (odds ratio 2.60, 95% CI 0.96-7.03). Adjusted 
oddss ratios were 2.12 (95% CI 1.35-3-33) for fetal loss, 2.08 (95% CI 1.33-3-25) 
forr miscarriage, and 1.60 (95% CI 0.58-4.43) for stillbirth, whenpregnancies in 
carrierss and noncarriers were compared. Homozygous carriers had a greater 
riskrisk for fetal loss (odds ratio, 2.01 [95% CI 0.94-4.32]) and stillbirth (odds ratio, 
4.855 [95% CI 0.82-25.58]) than heterozygous carriers. 

Conclusions:Conclusions: Carriers of the factor V Leiden mutation have a greater risk for 
fetall  loss (particularly miscarriage) than noncarriers. These data further sug-
gestt a greater risk for recurrence of fetal loss in carrriers than in noncarriers 
andd a greater risk for fetal loss and stillbirth in homozygous than in heterozy-
gouss carriers. 
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Hereditaryy resistance to activated protein C (APC), the most common genetic 
thrombophilicc disorder12, is mainly caused by a mutation of the factor V gene. 
Thiss mutation, the factor V Leiden mutation, is found in 5% of white persons 
andd is associated with a three- to sevenfold increased risk for venous throm-
boembolismm in heterozygous carriers3"5. Fetal loss caused by placental throm-
bosiss may also be related to this disorder, as are hereditary deficiencies of 
antithrombin,, protein C and protein S67. Although several studies reported a 
greaterr prevalence of resistance to activated protein C in women with recur-
rentt fetal loss8"11, other studies did not demonstrate an association71213. This 
inconsistencyy may be caused by differences in selection criteria and small 
numberss of patients. We performed a retrospective study in a large cohort of 
womenn with the factor V Leiden mutation and a group of controls to estimate 
thee risk for fetal loss in carriers of this mutation. 

Methods s 

Fromm the patients who were referred to the thrombosis outpatient clinics of 
thee participating hospitals, consecutive patients with proven venous thrombo-
embolismm and the factor V Leiden mutation were recruited. These patients 
weree considered propositi. Their living first-degree relatives participated in a 
previouss study5 to assess the absolute risk for venous thromboembolism in 
carrierss of the factor V Leiden mutation. Detailed information about previous 
thromboembolism,, exposure to thrombotic risk factors, and obstetric history 
wass collected by using a standardized medical history form. Relatives were 
interviewedd before polymerase chain reaction was performed to detect het-
erozygouss and homozygous carriers of the factor V Leiden mutation2. We 
analyzedd fetal loss by comparing carriers - both propositi and relatives - with 
noncarrierss (controls). Written informed consent was obtained from all par-
ticipants.. This study was approved by the institutional review boards of the 
threee participating hospitals. 

Womenn who had been pregnant at least once were eligible for analysis 
unlesss they had had only terminated or ectopic pregnancies or had their first 
pregnancyy at study enrollment. Fetal lossthat occurred within 20 weeks of 
gestationn was defined as miscarriage, and fetal loss that occurred after more 
thann 20 weeks of gestationwas defined as stillbirth, according to the criteria of 
thee World Health Organization H. 

Thee Wilcoxon two-sample test, the Fisher exact test, and the chi-square 
testt were used when appropriate. Variables that predisposed women to fetal 
losss were identified by multiple regression analysis. To account for variation 
inn each mother and between mothers, pregnancies were analyzed by a ran-
dom-effectss model for binary data15. Variation in first-degree relatives was not 
considered.. The logit link function was used, and the exchangeable correla-
tionn structure was assumed in the model. We constructed a population-
averagee random-effects model using the 'generalized estimating equation ap-
proach155 and robust estimates of standard error. Evaluated variables were car-
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rierr compared with noncarrier, propositus compared with relative, age at en-
rollment,, age at time of fetal loss, number of pregnancies per woman, history 
off  venous thromboembolism, anticoagulant treatment during pregnancy, and 
participatingg hospital. Only statistically significant CP<0.05) variables at back-
wardd selection were included in the final model. Differences between the 
groupss are expressed as adjusted odds ratios with 95% CI's. All P-values are 
two-tailed.. All statistical analyses were performed using SAS software, version 
6.122 (SAS Institute, Inc., Cary, North Carolina). 

Thee funding source did not influence collection, analysis, interpretation, or 
publicationn of the data. 

Results s 

Off  522 white women (142 propositi, 212 carrier relatives, and 168 noncarrier 
relatives),, who were enrolled in the original study, 173 (65 propositi, 61 car-
rierr relatives, and 47 noncarrier relatives) were excluded from analysis of fetal 
losss because they had never been pregnant (58 propositi, 59 carrier relatives, 
466 noncarrier relatives), had their first pregnancy at enrollment (2 propositi); 
orr had terminated all of their pregnancies (5 propositi, 2 carrier relatives, and 
11 noncarrier relative). The therefore studied 349 women (77 propositi, 151 
carrierr relatives, and 121 noncarrier relatives). After we excluded 22 termi-
natedd and 8 ectopic pregnancies, 228 carriers (of whom 15 were homozy-
gous)) had had 654 pregnancies (median, 3 [range, 1 tol2]) and 121 noncarri-
erss had had 352 pregnancies (median, 3 [range, 1 to 10]). Fetal loss per 
womann ranged from 0 to 6 (median, 0) in carriers and from 0 to 2 (median, 0) 
inn noncarriers. The Figure shows the distribution of fetal loss related to gesta-
tionall  age in both groups. Median age at enrollment was 49 years (range, 22 
too 89 years) for carriers and 50 years (range, 29 to 86 years) for noncarriers. 

Off  carriers, propositi (29.9%) and relatives (32.5%) had a similar risk for 
fetall  loss (odds ratio, 0.89, [95% CI 0.49-1.61]; p>0.2). Fetal loss recurred in 
10.1%% of carriers and 4.1% of noncarriers (odds ratio, 2.60 [95% CI 0.96-7.03); 
p=0.06).. Risks for fetal loss are summarized in the Table. Carriers showed a 
greaterr risk for fetal loss (31.6% compared with 22.3%) and miscarriage (29.4% 
comparedd with 17.4%) than noncarriers. Stillbirth was equally distributed 
amongg the groups (5.7% of carriers and 5.0% of noncarriers). 

Multiplee regression analysis identified the factor V Leiden mutation, the 
numberr of pregnancies per woman and age at enrollment as independent 
predictorss of fetal loss. Age of the woman at time of fetal loss (adjusted odds 
ratio,, 1.00 [95% CI 0.97-1.04]), type of carrier (propositus compared with rela-
tive)) (adjusted odds ratio, 1.12 [95% CI 0.57-2.21]), and hospital of recruitment 
(adjustedd odds ratio, 1.10 [95% CI 0,57-1.61]) were not independent predictors 
off  fetal loss. A history of venous thromboembolism did not influence the oc-
currencee of fetal loss (adjusted odds ratio, 1.21 195% CI 0.70-2.09]). Effect of 
anticoagulantt drugs on outcome of pregnancy could not be assessed because 
thesee drugs were used during only 2.8% of pregnancies. Exclusion of termi-
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natedd pregnancies did not influence the results. Adjusted odds ratios, esti-
matedd by a random-effects model, were 2.12 (95% CI 1.35-333) for fetal loss, 
2.088 (95% CI 1.33-3.25) for miscarriage, and 1.60 (95% CI 0.58-4.43) for still-
birthh in comparisons of pregnancies in carriers and noncarriers. 

AA comparison of heterozygous and homozygous carriers suggested an ap-
proximatelyy twofold greater risk for fetal loss in homozygous carriers (ad-
justedd odds ratio, 2.01 [95% CI 0.94-4.32]) (Table). This was mainly because of 
ann increased risk for stillbirth in homozygous carriers (adjusted odds ratio, 
4.855 [95% CI 0.82-25.581). 

TableTable 1 Fetal loss in women with the factor V Leiden mutation and their 
noncarrierr relatives 

Variable e 

Women,, n 

Womenn with fetal loss, n (%) 

Womenn with miscarriage, n(%) 

Womenn with stillbirth, n (%) 

Pregnancies,, n 

Pregnanciess ending in fetal loss, n (%) t 

Inn heterozygous carriers 

Inn homozygous carriers 

Inn homozygous compared with 

heterozygouss carriers 

Pregnanciess ending in miscarriage, n (%) 

Inn heterozygous carriers 

Inn homozygous carriers 

Inn homozygous compared with 

heterozygouss carriers 

Pregnanciess ending in stillbirth, n (%) 

Inn heterozygous carriers 

Inn homozygous carriers 

Inn homozygous compared with 

heterozygouss carriers 

Carriers s 

n(%) ) 

228 8 

722 (31.6) 

677 (29.4) 

133 (5.7) 

654 4 

1077 (16.4) 

988 (15.9) 

9(23.7) ) 

888 (13.5) 

822 (13.3) 

6(15.8) ) 

199 (2.9) 

166 (2.6) 

33 (7.9) 

Non--

carriers s 

n(%) ) 

121 1 

277 (22.3) 

211 (17.4) 

66 (5.0) 

352 2 

322 (9.1) 

322 (9.1) 

322 (9.1) 

266 (7.4) 

266 (7.4) 

266 (7.4) 

66 (1.7) 

66 (1.7) 

66 (1.7) 

Oddss ratio 

(95%% CI)* 

2.011 (1.07-3.75) 

2.700 (1.39-5.25) 

1.299 (0.45-3.69) 

2.12(1.35-3.33) ) 

2.022 (1.34-3.05) 

4.07(1.66-9.95) ) 

2.011 (0.94-4.32) 

2.088 (1.33-3.25) 

2.03(1.29-320) ) 

2.93(1.52-5.77) ) 

1.46(0.80-2.66) ) 

1.60(0.58-4.43) ) 

1.399 (0.49-3.96) 

6.366 (1.04-38.93) 

4.855 (0.82-25.58) 

P P 

0.03 3 

0.003 3 

>0.2 2 

<0.001 1 

O.001 1 

<0.001 1 

0.07 7 

0.001 1 

0.002 2 

0.001 1 

>0.2 2 

>0.2 2 

>0.2 2 

0.045 5 

0.08 8 

**  Odds ratios, adjusted for age and number of pregnancies, were estimated by random-effects 
modelingg to compare pregnancies, 

tt Terminated and ectopic pregnancies excluded. 
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Distributionn of fetal loss related to gestational age in 228 carriers 
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Discussion n 

Thiss large retrospective study provides evidence that carriers of the factor V 
Leidenn mutation have a greater risk for fetal loss, particularly miscarriage, in 
carriers,, than noncarriers. The risk for recurrence of fetal loss also tended to 
bee greater in carriers. Homozygous carriers had the highest frequency of fetal 
losss and were also more prone to stillbirth than heterozygous carriers.This 
observation,, which was of borderline statistical significance, needs to be con-
firmedd by a study in more homozygous carriers. 

Ourr findings are similar to those of four case-control studies8"11 that showed 
aa high prevalence of the factor V Leiden mutation in women with recurrent 
fetall  loss, especiallyfetal loss that occurred in the second or third trimester of 
pregnancy.. Two other studies12" did not demonstrate such an association in 
smalll  numbers of cases of recurrent first- or second-trimester fetal loss. A 
similarr retrospective cohort study7 did not show an increased risk for miscar-
riagee or stillbirth in carriers of the factor V Leiden mutation. In both of these 
studies,, the risk for fetal loss was similar for the control groups (22.3% com-
paredd with 23.5%); however, we found a greater risk for fetal loss in carriers 
thann in noncarriers (31.6% compared with 26.9%). This difference may be ex-
plainedd by the possible inclusion in our study of women who had the factor 
VV Leiden mutation and another hereditary thrombophilic disorder. However, it 
iss unlikely that this biased our results, considering the low prevalence of other 
disorderss compared with that of the factor V Leiden mutation. Moreover, other 
disorderss would be equally distributed among carriers and noncarriers, as 
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theyy were among relatives. Finally, a random-effects model was used to adjust 
forr unexplained sources of heterogeneity in outcomes among mothers. Our 
estimatee of the risk for fetal loss is probably more accurate because we stud-
iedd a large group of carriers. 

Recalll  bias may have been introduced by the retrospective design of our 
studyy - that is, carriers have tended to report more events that occurred dur-
ingg previous pregnancies. This seems unlikely because the medical history 
wass taken in all women, excepted propositi, while their factor V Leiden status 
wass unknown. Furthermore, collection of obstetric data primarily addressed 
pregnancyy as a concomitant risk factor for venous thromboembolism. Apart 
fromm that, the risk for fetal loss was similar in propositi and their relatives who 
hadd the factor V Leiden mutation. 

Inn previous studies, fetal loss was classified according to pregnancy tri-
mesters.. We preferred the definition of the World Health Organization14, as-
sumingg the viability of a fetus at a body weight of more than 500 gram and a 
gestationn of 20 to 22 weeks. Our results did not change substantially after we 
redefinedd miscarriage as fetal loss within 28 weeks of gestation and stillbirth 
ass fetal loss after more than 28 weeks of gestation (data not shown). 

Itt is plausible that fetal loss in carriers of the factor V Leiden mutation is 
causedd by placental thrombosis, as supported by frequently observed placen-
tall  infarctions in aborted fetuses of carriers910'617. Thrombosis may occur on 
eitherr side of the maternal-fetal interface. The role of fetoplacental thrombosis 
hass been emphasized by the observation that the carrier frequency of the 
factorr V Leiden mutation in miscarried fetuses was more than twice that in the 
generall  population, and the carrier frequency of the mothers in between17. 
Thee carrier frequency was ten-fold greater in fetuses with more than 10% pla-
centall  infarction. These findings suggest that the carrier status of the fetus, 
ratherr than that of the mother, is the main determinant of fetal loss. It may 
alsoo explain why homozygous carriers in our study were more prone to fetal 
losss than heterozygous carriers. For homozygous carriers, the a priori chance 
off  having a fetus with the factor V Leiden mutation is 100%; for heterozygous 
carriers,, this risk is 50%. Accordingly, we found an approximately twofold 
greaterr risk for fetal loss in homozygous carriers than in heterozygous carriers. 

Thee findings of our study and of others could have clinical implications in 
vieww of the high prevalence of the factor V Leiden mutation. A prospective 
follow-upp study of carriers with fetal loss may be worthwhile to establish the 
resultss of these retrospective studies. If we correctly assume that placental 
thrombosiss is the causal mechanism for fetal loss, carriers with recurrent fetal 
losss could benefit from anticoagulant treatment. This subgroup, approximately 
10%% of the carriers in our study, needs to be identified. It may contain homo-
zygouss carriers and carriers who have another carrier as a partner. Consider-
ingg our finding that 80% of the fetal losses occurred within the first 16 weeks 
off  pregnancy, anticoagulant therapy should be started early in pregnancy. 
Althoughh use of heparin - wich does not cross the placenta - is permissible, it 
mayy be less or ineffective when fetal loss is caused by fetal rather than mater-
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nall  placental thrombosis. Properly designed clinical trials are needed to assess 
thee supposed benefit and safety of anticoagulant treatment. 

Grantt  support 

Thiss study was supported by a Grant from Zorgonderzoek Nederland number 
28-2783-- Harry R. Büller is an Established Investigator of the Netherlands 
Heartt Association. 

References s 

1.. Bertina RM, Koeleman BPC, Koster T, Rosendaal FR, Dirven RJ, de Ronde H, et al. Mutation 
inn blood coagulation factor V associated with resistance to activated protein C. Nature 
1994;369:64-7. . 

2.. Voorberg J, Roelse J, Koopman R, Büller H, Berends F, ten Cate JW, et al. Association of 
idiopathicc venous thromboembolism with single point-mutation at Argw' of factor V. Lancet 
1994;343:1535-6. . 

3.. Ridker PM, Hennekens CH, Lindpainter K, Stampfer MJ, Eisenberg PR, Miletich JP. Mutation 
inn the gene coding for coagulation factor V and the risk for myocardial infarction, stroke 
andd venous thrombosis in apparently healthy men.N.Eng.J.Med. 1995;332:912-7. 

4.. Rosendaal FR, Koster T, Vandenbroucke JP, Reitsma PH. High risk for thrombosis in pa-
tientss homozygous for the factor V Leiden mutation (activated protein C resistance). Blood 
1995;85:1504-8. . 

5.. Middeldorp S, Henkens CMA, Koopman MMW, van Pampus ECM, Hamulyak K, van der 
Meerr J et al.Theincidence of venous thromboembolism in family members of patients with 
thee factor V Leiden mutation mutation and venous thrombosis. Ann.Intern.Med. 1998;128: 
15-20. . 

6.. Sanson B-J, Friederich PW, Simioni P, Zanardi S, Huisman MV, Girolami A et al. The risk for 
abortionn and still birth in antithrombin-, protein C-, and protein S-deficient women. 
Thromb.Haemost.. 1996;75:387-8. 

7.. Preston FE, Rosendaal FR, Walker ID, Briët E, Berntop E, Conard J et al. Increased fetal loss 
inn women with heritable thrombophilia. Lancet 1996;348:913-6. 

8.. Rai R, Regan L, Hadley E, Dave M, Cohen H. Second-trimester pregnancy loss is associated 
withh activated protein C resistance. Br.J.Haematol. 1996;92:489-90. 

9.. Brenner B, Mandel H, Lanir N, Younis J, Rothbart H, Ohel G et al. Activated protein C re-
sistancee can be associated with recurrent fetal loss. Br.J.Haematol. 1997;97:551-4. 

10.. Grandone E, Margaglione M, Colaizzo D, d'Addedda M, Cappucci G, Vecchione G et al. The 
factorr V Leiden mutation is associated with repeated and recurrent unexplained fetal losses. 
Thromb.Haemost.. 1997;77:822-4. 

11.. Ridker PM, Miletich JP, Buring JE, Ariyo AA, Price DT, Manson JE et al. The factor V Leiden 
mutationn mutation as a risk factor for recurrent pregnancy loss. Ann.Intern.Med. 1998; 
128:1000-3. . 

12.. Balasch J, Reverter JC, Fabregues F, Tassies D, Rafel M, Creus M et al. First-trimester re-
peatedd abortion is not associated with activated protein C resistance. Hum.Reprod. 1997; 12: 
1094-7. . 

13.. Dizon-Townson DS, Kinney S, Branch DW, Ward K. The factor V Leiden mutation is not a 
commonn cause of recurrent miscarriage. J.Reprod.Immunol. 1997,34:217-23. 

14.. Stirrat GM. Recurrent miscarriage I: definition and epidemiology. Lancet 1990;336: 673-5. 
15.. Diggle PJ, Liang KY, Zeger SL. Analysis of longitudinal data. Oxford: Clarendon press; 1994. 



FetalFetal loss in carriers of factor V Leiden 107 7 

16.. Rai RS, Regan L, Chitolie A, Donald JG, Cohen H. Placental thrombosis and second trimester 
miscarriagee in asssociation with activated proteine C resistance. Br.J.Obstet.Gynaecol. 
1996;103:842-4. . 

17.. Dizon-Townson DS, Meline L, Nelson LM, Varner M, Ward K. Fetal carriers ofthe factor V 
Leidenn mutation are prone to miscarriage and placental infarction. Am.J.Obstet.Gynecol. 
1997;177:402-5. . 





CHAPTERR 7 

Venouss thromboembolism in 
heterozygouss carriers of factor V 
Leiden: : 

Contributionn of the prothrombin 20210A mutation and 
otherr concomitant genetic and exogenous risk factors 

JohanJohan R. Meinardi, Saskia Middeldorp, Pieter J. de Kam, Maria M.W. Koop-
man,man, Elisabeth CM. van Pampus, Karly Hamulydk, Martin H. Prins, Harry R. 
BüllerandjanBüllerandjan van der Meer 

Submittedd for publication 



110 0 ChapterChapter 7 

Abstract t 

Thee FViQ506 mutation or factor V Leiden mutation is the most common genetic 
defectt associated with venous thromboembolism. Its clinical expression is 
limitedd and shows a wide intra- and interfamilial variation, that might be ex-
plainedd by the influence of other genetic or exogenous risk factors. We retro-
spectivelyy studied 226 patients with the factor V Leiden mutation and docu-
mentedd venous thromboembolism (probands) and 400 first degree relatives 
withh this mutation to assess the contribution of concomitant genetic and ex-
ogenouss risk factors to the occurrence of venous thromboembolism. Of all 
symptomaticc carriers, the prothrombin 20210A mutation was found in 8.3%, 
homozygosityy for the factor V Leiden mutation in 7.2%, and inherited defi-
cienciess of antithrombin (AT), protein C (PC), or protein S (PS) in 4.7%. The 
annuall  incidences of venous thromboembolism in relatives were 0.57%, 1.41% 
andd 4.8%, for these groups respectively, as compared with 0.39% in single 
heterozygouss carriers of factor V Leiden. Multivariate analysts showed an in-
creasedd risk for venous thromboembolism in factor V Leiden carriers with the 
prothrombinn mutation (hazard ratio 1.3, 95% CI 0.5-3.8), homozygous factor V 
Leidenn carriers (3-9, 1.7-9.0), concomitant PC/PS deficiency (17.5, 3.8-81.2), 
andd at exposure to exogenous risk factors (2.4, 0.7-8.5). These data support 
thee assumption that venous thromboembolism in factor V Leiden carriers is 
oftenn due to concomitant genetic or exogenous risk factors. 
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Introductio n n 

Resistancee to activated protein C, due to the factor (F)V: Q506 mutation or fac-
torr V Leiden, is the most common known heritable thrombophilic defect1. It is 
foundd in approximately 5% of Caucasians and in 20 to 50% of patients with 
venouss thromboembolism23. Only 20 to 30% of the factor V Leiden carriers 
wil ll  experience venous thromboembolism ever during their lifetime4. Further-
more,, its clinical expression shows a wide intra- and interfamilial variation, 
whichh might be explained by concomitance of factor V Leiden with exoge-
nouss or other genetic risk factors5. Both exogenous risk factors, like oral con-
traceptivee use, pregnancy, and surgery6"10, and inherited deficiencies of anti-
thrombinn (AT), protein C (PC) or protein S (PS)11"13 have shown to increase the 
riskk for thrombosis in factor V Leiden carriers. However, the influence of 
thesee genetic defects wil l be limited as a result of their low prevalences. The 
prothrombinn gene G20210A mutation may be of more interest in this respect, 
ass it is found in approximately 3% of Caucasians and in 6-18% of patients with 
venouss thromboembolism, respectively1"15. 

Wee performed a study to assess the contribution of concomitant genetic 
thrombophilicc defects, in particularly the prothrombin mutation, as well as 
exogenouss risk factors, to the occurrence of venous thromboembolism in 
factorr V Leiden carriers. 

Methods s 

Subjects Subjects 
Carrierss of the factor V Leiden mutation were recruited from a prior family 
cohortt study, that was designed to estimate the risk for venous thromboem-
bolismm in factor V Leiden carriers*. Briefly, consecutive Caucasian patients with 
venouss thromboembolism and factor V Leiden (probands) and their first de-
greee relatives were enrolled in that study. Detailed information regarding ve-
nouss thromboembolism episodes and exposure to exogenous risk factors 
(surgery,, trauma, immobilization, oral contraceptive use, pregnancy and ma-
lignancy)) was retrospectively collected; in relatives this was done prior to 
DNAA testing. Since 1996, when the prothrombin mutation was reported as a 
neww thrombotic risk factor, we started to test participants for this mutation 
too.. The present study included those families who were additionally tested 
forr the prothrombin mutation, as well as for inherited deficiencies of AT, PC 
typee I or II and PS type I. Inherited deficiencies were defined as a plasma 
levell  below the lower limit of the normal range at two separate measurements 
andd in at least two relatives. PS deficiency was considered to be acquired due 
too pregnancy or oral contraceptive use, unless it was established by repeated 
measurementt at least three months after delivery and discontinued oral con-
traceptivee use, respectively. The study was approved by the institutional re-
vieww boards of the three participating hospitals and informed consent was 
obtainedd from all participants. 
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LaboratoryLaboratory studies 
Factorr V Leiden and the prothrombin mutation were demonstrated by poly-
merasee chain reaction, as described previously316. In citrated plasma, PC and 
totall  PS antigen levels were measured by ELISA (with reagents obtained from 
DAKO,, Glostrup, Denmark). PC activity ("Berichrom" Protein C, Behring, 
Marburg,, Germany) and AT activity (Coatest1M, Chromogenix AB, Mölndal, 
Sweden)) were measured by a chromogenic substrate assay. PC, PS and AT 
weree expressed as percentage of the levels measured in pooled normal 
plasmaa set at 100%. Normal ranges (mean  2SD) were determined in healthy 
volunteers,, who had no (family) history of venous thromboembolism, and 
weree neither pregnant nor had used oral contraceptives during the last three 
months. . 

Definitions Definitions 
Venouss thromboembolism was considered established if demonstrated by 
objectivee techniques, such as compression ultrasound, ventilation/perfusion 
scanning,, or pulmonary angiography, and/or if the patient was treated with 
fulll  dose heparin and oral anticoagulants. Venous thromboembolism was clas-
sifiedd secondary if it had occurred during or less than three months after ex-
posuree to one or more concomitant exogenous risk factors, like surgery, 
trauma,, immobilization for more than seven days, oral contraceptive use, 
pregnancyy or malignancy. Spontaneous venous thromboembolism occurred in 
thee absence of any exogenous risk factor. 

Statistics Statistics 
Factorr V Leiden carriers were divided in four groups with regard to the com-
binationn of genetic defects that were demonstrated: heterozygous carriers of 
factorr V Leiden without an additional genetic defect (group 1), heterozygous 
carrierss of both factor V Leiden and the prothrombin mutation (group 2), ho-
mozygouss carriers of factor V Leiden (group 3) and heterozygous carriers of 
factorr V Leiden who also had an inherited deficiency of either AT, PC or PS 
(groupp 4). To estimate the risk for venous thromboembolism in the different 
groups,, probands of the original study were excluded, in order to avoid se-
lectionn bias. The relative risk for venous thromboembolism in groups 2, 3 and 
4,, respectively, as compared with group 1, was calculated from the annual 
incidences.. The observation period was defined as the period from the age of 
155 years until the first venous thromboembolism episode, or until the date of 
studyy entry in asymptomatic carriers, considering that venous thromboembo-
lismm is rarely found below the age of 15 years. Multivariate survival analysis 
wass carried out using a cox proportional hazards model. Crude odds ratio's of 
candidatee genetic and exogenous risk factors for venous thromboembolism 
weree calculated by simple cross tabulation and included the prothrombin 
mutation,, homozygosity for factor V Leiden, deficiency of AT, PC or PS, sur-
gery,, trauma or immobilization, oral contraceptive use and pregnancy. Hazard 
ratio's,, also adjusted for age and sex, are expressed as odds ratio's and their 



FactorFactor V Leiden and the contribution of other concomitant risk factors 113 3 

95%% confidence intervals (95% CI). Continuous variables were analyzed by 
Wilcoxon'ss two-sample test and are presented as median values and their 
ranges.. Categorial variables were analyzed by Fisher's exact test or the chi-
squaree test, when appropriate. A two-tailed p-value of less than 0.05 is con-
sideredd to indicate statistical significance.Analysis was performed using SAS 
software,, version 6.12 (SAS-Institute Inc., Cary, North Carolina). 

Results s 

AA total of 227 families were enrolled. Of 469 first degree relatives who carried 
thee factor V Leiden mutation, 68 (14%) were excluded from the analysis be-
causee DNA or plasma were not available for additional testing of the pro-
thrombinn mutation and deficiencies of AT, PC or PS. One proband, who was a 
double-homozygouss carrier of factor V Leiden and the prothrombin mutation, 
andd one relative, in whom three genetic defects (heterozygous factor V Lei-
den,, the prothrombin mutation, and PS deficiency) were demonstrated, could 
nott be classified in accordance with the criteria for the four groups. Hence, 
2266 probands and 400 relatives remained for analysis. 

Concomitantt genetic defects were found in 15.0% of factor V Leiden carri-
ers;; 20.5% of symptomatic carriers (probands 19.4%, relatives 25.5%) and 
10.6%% of asymptomatic carriers (Table 1). When probands and relatives were 
combined,, the prothrombin mutation was found in 8.3 % of symptomatic car-
rierss and in 6.0% of asymptomatic carriers, homozygosity for factor V Leiden 
inn 7.2% versus 3.4%, and deficiencies of AT, PC, or PS in 4.7% versus 0.9%. 
Thee distribution of these defects among probands and symptomatic relatives 
wass similar in the four groups (p>0.20). Deficiencies of AT, PC, or PS (group 
4)) were demonstrated in 1, 7, and 3 of 11 probands, and in none, 4, and 1 of 
55 relatives, respectively. 

Thee clinical characteristics of all symptomatic factor V Leiden carriers, in-
cludingg probands and relatives, are summarized in Table 2. Probands and 
relatives,, as well as women and men were equally distributed among the 
groups.. Median age (range) of carriers at study entry was 44 years (15-85) in 
groupp 1, 45 years (10-78) in group 2, 45 years (17-90) in group 3, and 29 
yearss (19-50) in group 4. Venous thromboembolism was more frequently ob-
servedd in relatives with combined defects; 10.8% in group 1, 16.0% in group 
2,, 36.8% in group 3 and 40.0% in group 4 (numbers derived from Table 1). 
Mediann age at onset of the first episode of venous thromboembolism was 
lowerr in group 4 (27 versus 35 years; p<0.05), as compared with group 1, but 
showedd to be similar in group 2 (28 versus 35 years; p>0.20) and group 3 (32 
versuss 35 years; p>0.20). Women experienced their first episode of venous 
thromboembolismm at a younger age than men in all groups; median 29 versus 
466 years in group 1 (p<0.05), 26 versus 46 years in group 2 (p<0.05), 25 ver-
suss 40 years in group 3 (p<0.05), and 24 versus 47 years in group 4 (p<0.05). 
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TableTable I Prevalences of concomitant genetic defects among carriers of 
factorr V Leiden (probands and relatives) 

Probands s 
Relatives s 

Withh VTE 

Withoutt VTE 

Total l 

227 7 
401 1 

51 1 
350 0 

Groupp 1 
FVL L 

1833 (80.6) 

3511 (87.5) 
388 (74.5)2 

3133 (89.4) 

Groupp 2 

FVLL + FII 

199 (8.4) 

255 (6.2) 
44 (7.8) 
211 (6.0) 

Groupp 3 
FVLL + FVL 

nn (%) 

133 (5.7) 

199 (4.7) 
77 (13.7)2 

122 (3.4) 

Groupp 4 

FVLL + 
AT/PC/PS S 

11(4.8) ) 
5(1.2) ) 

22 (39) 
33 (0.9) 

FVLL + any-

otherr defect' 

444 (19.4) 

500 (12.5) 
133 (25.5)' 
377 (10.6) 

VTE,, venous thromboembolism; FVL, factor V Leiden; FII, prothrombin mutation; AT, anti-
thrombinn deficiency; PC, protein C deficiency; PS, protein S deficiency.1 Including a double-
homozygouss carrier of FVL and FII (proband) and an asymptomatic heterozygous carrier of both 
FVLL and FII, as well as PS deficiency (relative).2 p<0.05 as compared with relatives without ve-
nouss thromboembolism 

TableTable 2 Characteristics of 277 factor V Leiden carriers with venous 
thromboembolismm (probands and relatives) 

Variable e 

Subjects Subjects 

Probands,, n (%) 
Relatives,, n (%) 

Women,, n (%) 
ThromboticThrombotic episodes 

Firstt event 
Agee at onset, median yr range) 

Spontaneous,, n (%) 
Secondaryy to 

Orall  contraceptives, n (%) 

Pregnancy,, n (%) 

Surgery,, trauma or 
Immobilization,, n (%) 

Malignancy,, n (%) 

RecurrentRecurrent events 

Probands,, n (%) 

Relatives,, n (%) 

Groupp 1 
FVL L 
n-221 1 

1833 (83) 
38(17) ) 
1477 (67) 

355 (12-79) 
1077 (48) 

622 (28) 

20(9) ) 
322 (15) 

0(0) ) 

722 (33) 
15(7) ) 

Groupp 2 
FVL+FII I 

n-23 3 

199 (83) 
(17) ) 

133 (57) 

288 (8-74) 

8(35) ) 

7(30) ) 

4(17) ) 

4(17) ) 

0(0) ) 

122 (52) 

0(0) ) 

Groupp 3 
FVL+FVL L 

n-20 0 

133 (65) 

7(35) ) 
12(60) ) 

32(16-64) ) 

8(40) ) 

3(15) ) 
7(35) ) 
2(10) ) 

0(0) ) 

3(15) ) 
5(25) ) 

Groupp 4 

FVL+AT/PC/PS S 

n-13' ' 

111 (85) 
2(15) ) 
100 (77) 

277 (15-47) 
6(46) ) 

3(23) ) 
2(15) ) 
2(15) ) 

0(0) ) 

5(38) ) 
0(0) ) 

FVL,, factor V Leiden-, FII, prothrombin mutation; AT 
ciency;; PS, protein S deficiency.' Including 1 patient 
ciency,, and 3 patients with PS deficiency. 

antithrombinn deficiency; PC, protein C defi-
withh AT deficiency, 9 patients with PC defi-
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Off  277 first episodes of venous thromboembolism, 217 (78%) presented as 
deepp limb vein thrombosis and 57 (21%) as pulmonary embolism, equally 
dividedd among the groups. Of the remaining three patients, two had inferior 
cavall  vein thrombosis (one in group 1, and one in group 3), while the third 
patientt (group 4) had cerebral vein thrombosis. Secondary venous thrombo-
embolismm was observed in 65% of group 2 carriers, as compared with 52% of 
carrierss in group 1, and 60% and 54% in groups 3 and 4, respectively. A ma-
jorityy of secondary venous thromboembolism in women was related to either 
thee use of oral contraceptives, or pregnancy; 72% (group 1), 73% (group 2), 
83%% (group 3), and 71% (group 4). Eighty-seven of 534 individuals with het-
erozygosityy for factor V Leiden only (group 1) experienced recurrent throm-
boembolicc events (87/534; 16%). Numbers of recurrences were 12/44 (27%) 
forr group 2, 8/32 (25%) for group 3, and 5/16 (31%) for group 4. These dif-
ferencess were not statistically significant (p>0.20). Recurrent venous thrombo-
embolismm was more common in probands than in relatives. 

Thee annual incidence of venous thromboembolism in relatives was 0.39% 
inn group 1, 0.57% in group 2, 1.41% in group 3 and 4.76% in group 4. (Table 
3).. The contribution of concomitant genetic defects to the risk for venous 
thromboembolismm in factor V Leiden carriers, estimated by univariate analysis, 
showedd crude odds ratios that were 1.5 for the prothrombin mutation, 39 for 
homozygosityy of factor V Leiden, and 17.7 for inherited deficiencies of PC or 
PSS (Table 4). For exogenous risk factors, the crude odds ratios were 1.3 ( 95% 
CII  0.7-2.6) for trauma, surgery or immobilization, 1.0 (0.5-2.0) for pregnancy, 
1.22 (0.3-5.0) for oral contraceptive use and 1.4 (0.8-2.4) for a history of both 
orall  contraceptive use and pregnancy. There were no interactions between 
thee exogenous and the genetic risk factors. Therefore, the exogenous factors 
weree considered as a composite variable in a multiple regression analysis, that 
wass performed to estimate the adjusted risk for venous thromboembolism in 
carrierss of combined genetic defects. Apart from concomitant genetic and ex-
ogenouss risk factors, the risk was also adjusted for sex and age. The hazard 
ratio'ss were 1.3 (95% CI 0.5-3-8) for the prothrombin mutation, 3.9 (1.7-9.0) 
forr homozygosity of factor V Leiden, 17.5 (3.8-81.2) for deficiency of PC or 
PS,, and 2.4 (0.7-8.5) for exposure to any of the mentioned exogenous risk 
factors. . 
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TableTable 3 Frequency of a first thrombotic episode in 400 relatives with the 
factorr V Leiden mutation 

Variable e Groupl l 

FVL L 

n-351 1 

Group2 2 

FVL+FII I 

n-25 5 

Groupp 3 

FVL+FVL L 

n-19 9 

Group4 4 

FVL+AT/PC/PS S 

n-5' ' 
Patientss with VTE, n 38 4 7 2 

Observationn period, yr 9810 701 496 42 

Annuall  incidence (95% CI) 0.39 (0.27-0.53) 0.57(0.16-1.46) 1.41(0.57-2.89) 4.76(0.58-16.2) 

Relativee risk (95% CI) 1.0 (reference) 1.47(0.5-4.1) 3.64(1.6-8.2) 12.3(2.9-52.6) 

VTE,, venous thromboembolism; FVL, factor V Leiden; FH, prothrombin mutation; AT, antithrom-
binn deficiency; PC, protein C deficiency; PS, protein S deficiency.1 Including 4 patients with PC 
deficiencyy and 1 patient with PS deficiency. 

TableTable 4 The influence of concomitant genetic defects and exogenous 
factorss on the risk for venous thrombosis in 400 relatives with 
thee factor V Leiden mutation 

Venouss thrombosis 

(yes/no) ) 

Concomitantt risk factor 

Geneticc defects2 

FIII  gene mutation 

Homozygosityy for factor V Leiden 

Proteinn C/S deficiency 

Anyy exogenous factor3 

Exposed d 

4/21 1 

7/12 2 

2/3 3 

48/285 5 

Non--

exposed d 

38/313 3 

38/313 3 

38/313 3 

3/64 4 

Crudee OR 

(95%% CI) 

1.55 (0.5-4.3) 

3.99 (1.7-8.8) 

17.77 (4.0-78.1) 

1.99 (0.6-6.2) 

Hazardd ratio' 

(95%% CI) 

1.33 (0.5-3.8) 

3.99 (1.7-9.0) 

17.55 (3.8-81.2) 

2.44 (0.7-8.5) 

Adjustedd for age and sex; 2As compared with single factor V Leiden carriers;' Ever exposed 
versuss never exposed to risk factors including surgery, trauma and immobilization, oral con-
traceptivee use and pregnancy. 

Discussion n 

Thee present study showed that 75% of the first episodes of venous thrombo-
embolismm in carriers of factor V Leiden were associated with a concomitant 
geneticc defect (21%), exposure to an exogenous risk factor (53%) or their 
combinationn (12%). The prothrombin mutation was present in 8% of factor V 
Leidenn carriers with venous thrombosis, in line with previous reports17'20. As 
far,, it was unknown whether this subpopulation of factor V Leiden carriers 
wass more predisposed to thrombosis than individuals who only carry factor V 
Leiden.. Our data suggest a 1.3 times higher risk in double-heterozygous carri-
erss of factor V Leiden and the prothrombin mutation, as compared with single 
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factorr V Leiden carriers. The annual incidence rate of venous thromboembo-
lismm in double-mutants of factor V Leiden and the prothrombin mutation 
(0.57%)) was nearly six times higher than we previously reported in relatives 
withoutt factor V Leiden (0.1%)\ Hence, the absolute risk for venous thrombo-
embolismm in double-heterozygous carriers will be approximately six-fold in-
creased.. This risk estimate almost equals the sum of the three- and fourfold 
riskk increases for venous thromboembolism, that have been reported in carri-
erss of the prothrombin mutationH,ls and factor V Leiden4 separately. It is 
thereforee assumable that interactions of these mutations additionally, rather 
thann synergistically, influence the risk for venous thromboembolism. 

Coexistencee of factor V Leiden and the prothrombin mutation has been 
associatedd with a two to five times higher risk for recurrent venous thrombo-
embolism,, as compared with single factor V Leiden carriers21,22. We found a 1.7 
higherr recurrence rate in double-heterozygous carriers (27 versus 16%). It 
shouldd be noted that all double-mutants who revealed recurrence were se-
lectedd probands, as opposed to none of four unselected symptomatic relatives 
att a median (range) follow-up of 2.5 (1-10) years. 

Homozygouss factor V Leiden carriers showed a 3-9 times higher adjusted 
riskk for venous thromboembolism than heterozygous carriers. Considering the 
annuall  incidence of venous thromboembolism in homozygous factor V Leiden 
carriers,, the absolute risk wil l be about 14 times increased. This risk estimate 
iss much lower than the 80-fold increased risk in homozygous carriers, re-
portedd from the Leiden thrombophilia study (LETS)23. The low incidence rate 
off  venous thromboembolism in the control group of the LETS (0.02%), owing 
too strict exclusion criteria, may explain this discrepancy at least partly. On the 
otherr hand, as we studied families with a hereditary thrombophilic defect, 
controlss were not independent and consequently they may be at higher risk 
ass a result of other (unknown) concomitant genetic risk factors, although the 
incidencee that we found in non-carriers of 0.1% annually was similar to the 
populationn risk4,24. Moreover, the annual incidence of venous thromboembo-
lismm in homozygous carriers in our study (1.4%) was similar to that in the 
LETSS (1-2%). Our finding is supported by the results of a recent study that 
showedd an even lower relative risk for venous thrombosis in homozygous 
mutantss (6.9), but with a confidence interval (2.3-21.1) encompassing our risk 
estimate19. . 

AA concomitant deficiency of AT, PC or PS in factor V Leiden carriers in-
creasedd the risk for venous thromboembolism excessively (hazard ratio 17.5; 
95%% CI 3.8-81.2). However, the number of patients with these combinations 
off  defects was small. This finding is in agreement with previous reports"'12. 

Off  all events that occurred below the age of 40 years, 66% were associated 
withh an exogenous risk factor. Exposure to exogenous risk factors is appar-
entlyy a condition for clinical expression of genetic defects, especially in carri-
erss of younger age. In 85% of symptomatic female double-heterozygous carri-
erss of factor V Leiden and the prothrombin mutation, and in 83% of female 
homozygouss factor V Leiden mutants, venous thromboembolism occurred 
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duringg pregnancy or oral contraceptive use. This largely explains why women 
experiencedd venous thromboembolism at a younger age than men in all 
groups,, as these risk factors are clearly related to a younger age. As far, it is 
uncertainn to what extent the risk for thrombosis in double-carriers is influ-
encedd by exogenous risk factors. Our study did not allow a proper analysis of 
interactionss between separate exogenous risk factors and genotypes, because 
thee numbers of subjects with combined defects were too small. As long as 
moree information is not available, oral contraceptive use may be discouraged, 
whilee thromboprophylaxis should be considered in high risk situations in 
factorr V Leiden carriers with a concomitant genetic defect. Although we stud-
iedd a large number of families with the factor V Leiden mutation, 14% of rela-
tivess were excluded because of incomplete testing for thrombophilic disor-
ders.. This may have biased our results. However, the overall annual incidence 
off  venous thromboembolism in the present study was almost identical to our 
previouss finding in factor V Leiden carriers (0.46% versus 0.45%)'. Hence, it is 
unlikelyy that the risk for venous thromboembolism in double-carriers of factor 
VV Leiden and a second genetic defect has been over- or underestimated as a 
resultt of selection bias. 

Inn conclusion, venous thromboembolism in carriers of factor V leiden was 
frequentlyy associated with other genetic or exogenous risk factors. The ad-
justedd risk for venous thromboembolism was increased 1.3-fold by the pro-
thrombinn mutation, 3.9-fold in homozygous factor V Leiden carriers, and 
17.5-foldd in carriers with an inherited deficiency of protein C or protein S. 
Exogenouss risk factors increased the risk for venous thromboembolism 2.4-
fold. . 
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Abstract t 

AA mutation in factor XII I (Val34Leu) was claimed to protect against venous 
thromboembolism.. We evaluated the effect of Val34Leu on thrombotic risk in 
3522 factor V Leiden carriers who are first-degree relatives of 132 thrombotic 
propositii  carrying factor V Leiden. The observation period was 2594 years in 
922 Val34Leu carriers and 7444 years in 260 noncarriers. The annual incidence 
off  a first episode of venous thromboembolism was 0.31% in Val34Leu carriers 
andd 0.44% in noncarriers (relative risk [RR] for venous thromboembolism: 0.7, 
95%% CI 0.3-1.5). Age-specific RR for venous thromboembolism were (for 
Val34Leuu carriers and noncarriers, respectively): 1.0 (95% CI 0.3-3.2) in the 
agee group of 15 to 30 years, 0.4 (95% CI 0.05-3.0) in the age group of 30 to 
455 years, 0.6 (95% CI 0.1-2.9) in the group aged 45 to 60 years, and 0.5 (95% 
CII  0.06-4.5) in relatives older than 60 years. In conclusion, the impact of FXIII 
Val34Leuu on the venous thromboembolic risk is modest, suggesting that 
screeningg for this mutation in factor V Leiden carriers is not justified. 
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Introductio n n 

Resistancee to activated protein C caused by the factor V Leiden mutation is the 
mostt common genetic risk factor for venous thromboembolism known to-
day'3.. The prevalence of this mutation is approximately 5% in healthy indi-
vidualss in Western populations, and is detected in 10 to 60% of patients with 
venouss thromboembolism1,2. Although the relative risk for venous thrombo-
embolismm in carriers of factor V Leiden is increased three- to seven-fold4 6, the 
majorityy of factor V Leiden carriers remain asymptomatic throughout life6. This 
mayy be explained by gene-gene interactions that are known to modulate the 
riskk for venous thromboembolism. For instance, the co-inheritance of factor V 
Leidenn with other thrombophilic defects results in an increased risk for ve-
nouss thromboembolism in those with combined abnormalities7. To our 
knowledge,, no studies investigating protective mechanisms in factor V Leiden 
carrierss have been reported so far. 

Recently,, a sequence variation in the coagulation FXIII was described: a G 
too T transition in exon 2 of the FXIII A-subunit gene, which results in the sub-
stitutionn of leucine for valine at amino acid position 34 (FXIII Val34Leu)8. The 
Val34Leuu variant leads to augmented FXIII transglutaminase activity and, 
paradoxically,, seems to decrease the risk for arterial (for example, myocardial 
infarction)) and venous thrombosis914. In the present study we investigated 
whetherr the presence of FXIII Val34Leu decreases the risk for venous throm-
boembolismm in factor V Leiden carriers, who are relatives of a group of con-
secutivee patients with documented venous thromboembolism and the factor V 
Leidenn mutation. 

Methods s 

Subjects Subjects 
Thee individuals that are analyzed in this paper participated in a previous 
studyy designed to evaluate the risk for venous thromboembolism in factor V 
Leidenn carriers . Detailed information regarding the recruitment of factor V 
Leidenn carriers, and definition of venous thromboembolic events, was previ-
ouslyy reported6. Briefly, patients with factor V Leiden and an objectively diag-
nosedd episode of venous thromboembolism who were seen in three academic 
hospitalss in the Netherlands (Academic Medical Center, Amsterdam, University 
Hospitall  Groningen, and University Hospital Maastricht) between 1994 and 
1997,, served as propositi. First degree relatives (parents, siblings, and children 
olderr than 15 years) of the propositi were invited to participate in the study. 
Eachh relative was interviewed by using a standardized questionnaire with de-
tailedd information regarding previous episodes of venous thromboembolism, 
surgery,, trauma, periods of immobilization, and use of anticoagulant drugs. 
Forr women, the obstetric history and the use of oral contraceptives was re-
corded.. After the interview and categorization of the relative as symptomatic 
orr asymptomatic with respect to venous thromboembolism, blood for DNA 
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isolationn and determination of factor V Leiden status, was collected. The clini-
call  data and DNA samples of a total of 352 carriers of factor V Leiden (336 
heterozygouss and 16 homozygous), who were relatives of 132 propositi, were 
availablee for the present analysis, 

LaboratoryLaboratory methods 
Genomicc DNA from the peripheral blood was isolated by standard methods15. 
Screeningg for the factor V Leiden and FXIII Val34Leu mutations was per-
formedd by PCR amplification followed by Mntl and Msel restriction digestion 
respectively,, as reported2. 

Statistics Statistics 
Overalll  and age-specific annual incidences of a first episode of venous 
thromboembolismm were calculated in factor V Leiden carriers with and with-
outt FXIII Val34Leu, by dividing the number of family members who had a 
previouss venous thromboembolic episode by the observed years. The obser-
vationn period was defined as years after the age of 15 until inclusion in the 
studyy if the relative was asymptomatic with respect to venous thromboembo-
lism,, or, if the relative was symptomatic, until the date of the first venous 
thromboembolicc event. The incidences of venous thromboembolism were 
calculatedd for the age groups of 15 to 30 years , 31 to 45 years, 46 to 60 years, 
andd older than 60 years. The relative risk for the occurrence of venous throm-
boembolismm was calculated by dividing the incidence rate in FXIII Val34Leu 
carrierss by the incidence rate in noncarriers. The 95% confidence intervals 
(95%% CI) were calculated by standard methods16. To avoid bias, the propositi 
weree excluded from the analysis. 

Resultss and Discussion 

Tablee 1 shows the general characteristics and the frequency of a first episode 
off  venous thromboembolism in 352 relatives with factor V Leiden. Ninety-two 
factorr V Leiden carriers also carried FXIII VaB4Leu (77 heterozygous and 15 
homozygous).. A total of 41 factor V Leiden carriers had a verified episode of 
venouss thromboembolism. Of these, eight were carriers of the mutant FXIII 
(fivee heterozygous and three homozygous). Contrary to expectation, three out 
off  15 homozygous Val34Leu carriers experienced venous thromboembolism. 
Thee observation period in the FXIII-negative factor V Leiden carriers and in 
thee FXIII-positive factor V Leiden carriers was 7444 and 2594 years, respec-
tively.. This results in an overall annual incidence of a first episode of venous 
thromboembolismm of 0.44% in factor V Leiden carriers without FXIII Val34Leu, 
andd 0.31% in factor V Leiden carriers with FXIII Val34Leu. The relative risk for 
venouss thromboembolism in factor V Leiden carriers with FXIII Val34Leu was 
0.77 (95% CI 0.3-1.5). Among the 33 symptomatic individuals that were non-
carrierss of the mutant FXIII , 14 (42.4%) had had spontaneous venous throm-
boembolismm whereas in 19 patients an established acquired risk factor was 
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identifiedd (six: oral contraceptive use, seven: pregnancy/puerperium, five: 
surgeryy and immobilization, one: trauma and surgery). Among the eight 
symptomaticc carriers of the mutant factor XIII , four (50%) had had spontane-
ouss venous thromboembolism and four had been exposed to an environ-
mentall  risk factor (one: oral contraceptive use, two: pregnancy/puerperium, 
one:: trauma). 

TableTable 1 General characteristics of factor V Leiden carriers (relatives only) 
andd overall incidence of venous thromboembolism in relation to 
FXIIII  Val34Leu genotypes 

Variable e 

Male/femalee ratio 

Meann age 

(range,, years) 

Subjectss with venous 

thromboembolism,, n 

Observation n 

period,, years 

Annuall  incidence 

(95%% CI) 

FXIIIVal34Leu u 

(n-260) ) 

0.9 9 

45.33 (16-83) 

333 (12.7%) 

7444 4 

0.44% % 

(0.36-0.52) ) 

Relativee risk» (95% CI) 1.0* 

(-)) FXIIIVal34Leu (-

(n-92) ) 

0.7 7 

44.11 (15-82) 

88 (8.7%) 

2594 4 

0.31% % 

(0.20-0.42) ) 

0.77 (0.3-1.5) 

00 FXIII Val34Leu 

Heterozygous s 

(n-77) ) 

0.6 6 

44.11 (15-82) 

55 (6.5%) 

2140 0 

0.23% % 

(0.13-0.33) ) 

0.55 (0.2-1.3) 

FXIIII  Val34Leu 

Homozygous s 

(n-15) ) 

0.9 9 

48.11 (17-75) 

33 (20%) 

454 4 

0.66% % 

(0.28-1.04) ) 

1.55 (0.4-4.9) 

(+)) denotes presence of FXIII Val34Leu and (-) signs for absence of FXIII Val34Leu. 
## Calculated by dividing the annual incidence of venous thromboembolism among carriers by 

thee incidence among noncarriers of FXIII Val34Leu. 
**  Reference category. 

Tablee 2 shows the age-specific annual incidences of a first manifestation of 
venouss thromboembolism among the factor V Leiden relatives. The relative 
riskk for venous thromboembolism in the age group of 15 to 30 years was 1.0 
(95%% CI 0.3-3-2), suggesting that in younger subjects FXIII Val34Leu does not 
protectt for thrombosis. The relative risk for venous thromboembolism was 0.4 
(95%% CI 0.05-3.0) in the age group of 30 to 45 years, 0.6 (95% CI 0.1-2.9) in 
thee group aged 45 to 60 years, and 0.5 (95% CI 0.06-4.5) in affected relatives 
olderr than 60 years. Thus, a trend towards a decreased risk for venous throm-
boembolismm related to FXIII Val34Leu was observed in factor V Leiden carri-
erss older than 30 years. 
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TableTable 2 Age-specific annual incidences of a first manifestation of venous 
thromboembolismm in factor V Leiden carriers 
(propositii  excluded) 

FXIIIFXIII  (-) (n'260) 

1""  venous thromboembolism, n 

Observationn period 

(years) ) 

Annuall  incidence (95% CI) 

FXIIIFXIII  (+) (n=92) 

VV venous thromboembolism, n 

Observationn period (years) 

Annuall  incidence (95% CI) 

Relativee risk*  (95% CI) 

15-300 years 

11 1 

3484 4 

0.32% % 

(0.23-0.41) ) 

4 4 

1231 1 

0.32% % 

(0.16-0.48) ) 

1.00 (0.3-3.2) 

30-455 years 

8 8 

2492 2 

0.32% % 

(0.21-0.43) ) 

1 1 

827 7 

0.12% % 

(0-0.24) ) 

0.44 (0.05-3.0) 

45-600 years 

9 9 

1182 2 

0.76% % 

(0.51-1.01) ) 

2 2 

426 6 

0.47% % 

(0.14-0.80) ) 

0.66 (0.1-2.9) 

>> 60 years 

5 5 

286 6 

1.75% % 

(0.98-2.52) ) 

1 1 

110 0 

0.90% % 

(0-1.8) ) 

0.55 (0.06-4.5) 

(+)) denotes presence of FXIII Val34Leu and (-) signs for absence of FXIII Val34Leu. 
## Calculated by dividing the annual incidence of venous thromboembolism among carriers by 

thee incidence among noncarriers of FXIII Val34Leu. 

Thee purpose of our study was to evaluate whether establishing the FXIII 
genotypee would help predict the occurrence of thrombosis in factor V Leiden 
carriers.. The data derived from this large group of factor V Leiden carriers 
indicatee that this is not the case. Of the 92 carriers of the putative protective 
Val34Leuu mutation eight (8.7%) developed venous thromboembolism. Moreo-
ver,, three of these eight carriers were homozygous for the mutation, in spite 
off  the fact that homozygosity is thought to protect even better than heterozy-
gosityy . 

Thee trend towards protection against venous thromboembolism observed 
inn individuals older than 30 years of age would agree with recent data sug-
gestingg that the factor XII I variant decreases thrombotic risk in older individu-
als133 H, but the magnitude of the effect is modest. One could argue that in view 
off  the high prevalence of FXIII Val34Leu in the general population, the "at-
tributablee protection" is high, even for such a modest effect. On the other 
handd one would like to use these analyses of genetic risk factors to tailor 
moree precisely the management of factor V Leiden carriers. Given the fact that 
almostt 10% of Val34Leu carriers still experience venous thrombosis, and that 
2277 factor V Leiden subjects negative for Val34Leu remain asymptomatic, one 
cann not recommend to modify the clinical management of factor V Leiden 
carrierss on the basis of their FXIII genotype. Therefore, routine screening for 
FXIIII  Val34Leu in factor V Leiden carriers, in order to identify carriers that wil l 
remainn asymptomatic over life, is not justified. 
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Abstract t 

Background:Background: The prothrombin 20210A mutation is a genetic defect associated 
withh elevated levels of prothrombin and an increased risk for venous throm-
boembolism.. When the absolute incidence of venous thromboembolism in 
relativess of patients known to have the mutation outweighs the disadvantages 
off  prophylactic strategies, family screening may be necessary. 

Objective:Objective: To determine the incidence of venous thromboembolism in first-
degreee relatives of symptomatic carriers of the prothrombin 20210A mutation. 

Design:Design: Retrospective blinded study;interim analysis. 

Setting:Setting: University hospitals. 

Participants:Participants: 155 first-degree relatives of 42 heterozygous propositi. 

Measurements:Measurements: Before DNA testing, information on previous venous throm-
boembolismm and concomitant risk factors was obtained. Relatives with and 
withoutt prothrombin 20210A mutation were compared. 

Results:Results: The annual incidence of thromboembolism in relatives of heterozy-
gouss propositi was 0.40% (95% CI 0.18 to 0.75%) in those with the mutation 
andd 0.28% (95% CI 0.10% to 0.60%) in those without the mutation (relative 
risk,, 1.4 [95% CII  0.5% to 4.0%]). 

Conclusions:Conclusions: This interim analysis was limited by the small number of obser-
vationn years and exposures to exogenous risk factors that could be studied. 
Thee absolute incidence of venous thromboembolism in carriers of the pro-
thrombinn 20210A mutation seems to be comparable to that found in carriers 
off  the factor V Leiden mutation. However, more families need to be included 
andd the findings should be validated in prospective cohort studies. 



VenousVenous thromboembolism in families with the prothrombin 20210A mutation 131 1 

Introductio n n 

Inn recent years, relatively common genetic abnormalities leading toward a 
tendencyy for developing venous thromboembolism have been identified. Until 
1994,, only isolated deficiencies of physiologic inhibitors of the coagulation 
system,, such as antithrombin, protein C, and protein S, were known as estab-
lishedd hereditary risk factors and could be detected in about 8% of consecu-
tivee patients with documented venous thromboembolism'. In 1993, resistance 
too activated protein C, most often caused by the FViQ506 or factor V Leiden 
mutationn was shown to be a prevalent risk factor for venous thromboembo-
lism2"4.. In 1996, the prothrombin 20210A mutation was found to be associated 
withh elevated plasma concentrations of prothrombin, as well as an increased 
riskk for venous thromboembolism5. The prevalence of this mutation in con-
secutivee patients with venous thromboembolism is approximately 5%", and in 
selectedd patients this may be as high as 18%\ The geographic distribution of 
thee prothrombin 20210A mutation varies, with a prevalence of about 1-2% in 
Europeann populations, and much lower in individuals of Asian or African de-
scent89.. The relative risk for venous thromboembolism in heterozygous carri-
erss of the prothrombin 20210A mutation compared with healthy controls is 

.. 1 o 5,6,10 

approximatelyy 3 
Becausee of the autosomal dominant inheritance pattern of the prothrombin 

20210AA allele, half of the relatives of each patient who has thrombosis and the 
mutationn wil l carry the same defect. Therefore, in clinical practice, the ques-
tionn arises whether families of patients known to have the prothrombin 
20210AA mutation shouldbe actively screened for the presence of the mutation 
inn order to consider instituting prophylactic anticoagulant strategies, either 
permanentlyy or during high-risk situations. Disadvantages of screening include 
thee psychological stress induced among carriers, the risks associated with the 
preventionn of thrombosis by using anticoagulant medication, and the potential 
problemss with obtaining insurances and social security benefits. 

Whetherr the benefits of screening outweigh the disadvantages, depends 
largelyy on the absolute risk for venous thromboembolism in carriers of the 
prothrombinn 20210A mutation. This risk needs to be weighed against the 
knownn benefits and hazards of anticoagulant prophylaxis. We therefore in-
vestigatedd 155 first-degree relatives of 42 patients seen at our institutions with 
documentedd venous thromboembolism and the prothrombin 20210A mutat-
ion.. From all these relatives, we obtained a medical history with special em-
phasiss on previous episodes of venous thromboembolism and the exposure to 
riskk factors such as surgery, trauma, immobilization, pregnancy and the use of 
orall  contraceptives. We then determined the presence or absence of the pro-
thrombinn 20210A mutation and compared the findings in family members 
whoo had the mutation with those family members with a normal genotype. 
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Methods s 

PatientsPatients and study design 
Inn the participating centers, all patients with a proven episode of venous 
thromboembolismm are tested for the presence of an underlying coagulation 
disorder.. A total of 42 thrombosis patients with known carriership of the pro-
thrombinn 20210A mutation were invited to participate in this project and were 
consideredd propositi. 

Al ll  living first-degree relatives (parents, siblings and children older than 15 
yearss of age), identified through pedigree analysis, formed the study cohort. 
Eachh family member was interviewed by one of the investigators using a 
standardizedd medical history form. Detailed information was obtained about 
previouss episodes of venous thromboembolism, and exogenous risk factor 
suchh as surgical interventions, trauma, periods of immobilization and prophy-
lacticc or therapeutic use of anticoagulant drugs. For women, the obstetric 
historyy and the use of oral contraceptives were documented. Subsequently, 
bloodd was obtained and the prothrombin 20210A mutation status (normal, 
heterozygous,, and homozygous) was determined by using a polymerase chain 
reaction-basedd assay, as described previously [ref Jan van Straalen]. The insti-
tutionall  review boards of the participating centers approved the study, and all 
participantss gave informed consent. 

Definitions Definitions 
AA previous episode of venous thromboembolism was considered to have oc-
curred,, if it had been confirmed by venography, ultrasonography, impedance 
plethysmography,, ventilation-perfusion lung scanning, or pulmonary angiog-
raphy.. When no objective testing had been done, but the patient had received 
full-dosee intravenous heparin therapy or vitamin K antagonists for at least 3 
months,, he or she was considered to also have experienced a venous throm-
boembolicc event. When required, the patients' charts were reviewed. 

Episodess of increased risk for venous thromboembolism included surgery, 
trauma,, immobilization for more than 7 days, pregnancy, and use of oral con-
traceptives.. An episode of venous thromboembolism was considered to be 
relatedd to such a risk situation when it occurred within 3 months. A relation 
withh use of oral contraceptive use was defined as an event occurring during 
exposuree to oral contraceptives. Observed years are all years since the age of 
155 years until inclusion in the study or until the date of the first venous 
thromboembolicc eventjthis time period was chosen because it was considered 
too reflect the duration of exposure to the risk for venous thromboembolism. 
Thee information from the medical history (and, if necessary from other 
sources)) was classified without knowledge of the prothrombin 20210A status. 

StatisticalStatistical analysis 
Thee overall and age-specific annual incidence of a first episode of venous 
thromboembolismm was calculated in relatives with and those without the 
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prothrombinn 20210A mutation by dividing the number of symptomatic family 
memberss by the observed years. The relative risk for the development of a 
firstfirst episode of venous thromboembolism (adjusted for extremes if necessary) 
wass calculated by dividing the incidence of venous thrombosis in family 
memberss with the mutation by the incidence in family members with the 
normall  genotype. The 95% CIs were calculated according to normal approxi-
mationn of the binomial distribution. The relative risk (and its mid-P corrected 
95%% CI) for pregnancy-, and surgery-related venous thromboembolism was 
calculatedd by using a Cox model. For this purpose, a risk period was conside-
redd as a unit of time, and persons who had not had a thromboembolic event 
byy the end of their last risk period were considered to be censored. If a rela-
tivee had had an episode of venous thromboembolism, all subsequent high 
riskrisk situations were excluded from the analysis to avoid enhancing risk and 
becausee anticoagulant prophylaxis is often given after such an episode. 

Results s 

Thee pedigrees of the 42 propositi with documented venous thromboembolism 
andd the prothrombin 20210A mutation revealed 276 first-degree family mem-
bers.. Nineteen relatives were younger than 15 years of age. Furthermore, 42 
relativess had died prior to start of the study. Two of these died of fatal pul-
monaryy embolism. Another 22 relatives were unavailable because they lived 
outsidee of the Netherlands. Finally, 38 relatives could not participate for vari-
ouss reasons, including reluctance to undergo assessment of genetic disorders, 
refusall  to give consent, and the presence of terminal diseases. Thus, a total of 
1555 first-degree family members were available for the present analysis (re-
sponsee rate of living family members, 66%;overall response rate, 56%). 

Approximatelyy half of the 155 relatives carried the prothrombin 20210A 
mutationn (Table 1). Of the 81 family members with the mutation, 3 were 
foundd to be homozygous. Six family members without the mutation and 9 
familyy members with the mutation reported to have experienced an episode 
off  venous thromboembolism. In the group without the mutation, 2 individuals 
sufferedd from pulmonary embolism, whereas 4 had had deep venous throm-
bosis.. In the relatives with the mutation, these figures were 2 and 7, respec-
tively.. The absolute annual incidence of a first episode of venous thromboem-
bolismm was 0.28% (95% 95% CI 0.10% to 0.60%) in the group with a normal 
genotypee and 0.40% (95% CI 0.18% to 0.75%) in those with the mutation. 
Thus,, the relative risk for a first episode of venous thromboembolism among 
familyy members with the prothrombin 20210A mutation was 1.4 (95% CI 0.5 
too 4.0). In the family members with a normal genotype the gender distribution 
wass equal, while 2 of the 6 relatives with thrombosis were men. In the family 
memberss with the mutation, two-thirds were female, and of the 9 relatives 
withh thrombosis, 7 were women. Two of the 9 symptomatic relatives be-
longedd to the same family and were found to be homozygous. One was a 
womann who experienced a pulmonary embolism 3 days postpartum at the 
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agee of 26 yearsjshe also had spontaneous deep-vein thrombosis two years 
later,, but remained without venous thromboembolic complications in the next 
400 years. The other homozygous relative was her brother who suffered from 
hiss first spontaneous deep venous thrombosis of the leg at the age of 70 
years.. All 6 relatives in the group without the prothrombin 20210A mutation 
hadd a single episode of thrombosis, whereas recurrent episodes of venous 
thromboembolismm occurred in 2 of the 9 relatives with the mutation, one 
spontaneouslyy and the other postpartum. 

TableTable 1 Presence of the prothrombin 20210A mutation, clinical charac-
teristicss and frequency of a first episode of venous thromboem-
bolismm in 155 first-degree relatives of 42 heterozygous propositi 

Prothrombinn 20210A mutation 

Numberr (%) 

malee (%) 

femalee (%) 

Meann age, yr 

(range) ) 

Personss with VTE 

Meann age at time of first VTE, yr (range) 

Observedd years, yr 

Incidence/yearr (%) 

(95%% CI) 

Relativee risk 

Absent t 

744 (48) 

388 (51) 

366 (49) 

45 5 

(15-78) ) 

6 6 

41 1 

(17-58) ) 

2173 3 

0.28 8 

(0.10-0.60) ) 

--

Present t 

81'' (52) 

288 (35) 

533 (65) 

46 6 

(17-81) ) 
9# # 

36 6 

(20-70) ) 

22701 1 

0.40 0 

(0.18-0.75) ) 

1.4* * 

**  including 3 homozygous relatives 
## including 2 homozygous relatives 
tt including 100 years in 3 homozygous relatives 
%% 95% CI:0.5-4.0 

Tablee 2 shows the age-specific annual incidences of a first episode of throm-
bosiss in relatives with a normal genotype and in those with the mutation. The 
absolutee annual incidence in the age group of 15 to 30 years with the muta-
tionn was 0.57% (95% CI 0.2% to 1.2%), with a relative risk of 5.6 (95%CI 0.7 to 
46.3)) as compared with their family members without the mutation. In the age 
groupp of 30 to 45 years with the mutation no thromboembolic complications 
weree reported. In the affected relatives aged 45 to 60 years, and those older 
thann 60 years, the annual incidences of venous thromboembolism were 0.26% 
(95%CII  0.006% to 1.4%) and 1.64% (95%CI 0.2% to 5.8%), respectively. 
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TableTable 2 Age-specific annual incidence of a first episode of venous 
thromboembolismm in 155 relatives of the 42 heterozygous 
propositi i 

Prothrombin Prothrombin 

20210A20210A mutation 

absent absent 

Prothrombin Prothrombin 

20210A20210A mutation 

present present 

Agee group 

firstfirst VTE 

observedd yrs 

ann.tncid.(%) ) 

(95%% CI) 

firstt VTE 

observedd yrs 

ann.incid.(%) ) 

(95%% CI) 

15-300 yrs 

1 1 

986 6 

0.10 0 

(0.0-0.6) ) 

6 6 

1060 0 

0.57 7 

(0.2-1.2) ) 

30-455 yrs 

2 2 

689 9 

0.29 9 

(0.03-1.0) ) 

0 0 

699 9 

0.0 0 

(0-0.5) ) 

45-600 yrs 

3 3 

382 2 

0.79 9 

(0.2-2.3) ) 

1 1 

389 9 

0.26 6 

(0.0-1.4) ) 

overr 60 yrs 

0 0 

116 6 

0.0 0 

(0-3.1) ) 

2 2 

122 2 

1.64 4 

(0.2-5.8) ) 

TableTable 3 Relation of first episodes of venous thromboembolism with 
establishedd risk factors in the 155 first-degree relatives of the 
422 heterozygous propositi 

Prothrombinn 20210A mutation absent t present t 

Number r 

Spontaneouss (%) 

Orall  contraceptive 

yearss of use, yr 

annuall  incidence 

(95%% CI) 

relativee risk 

Pregnancy-related d 

NN episodes 

Incidencee (%) 

(95%% CI) 

relativee risk 

Operation/trauma/ / 

immobilisation n 

NN episodes 

Incidencee (%) 

(95%% CI) 

relativee risk 

95%% CI 0.02-2.3 
95%% CI 0.03-3.6 

6 6 

2(33) ) 

2 2 

221 1 

0.9 9 

(0.1-3.2) ) 

— — 
0 0 

57 7 

0.0 0 

(0-6.3) ) 

--

2 2 

77 7 

2.6 6 

(0.3-9.1) ) 

--

9 9 

4(44) ) 

1 1 

531 1 

0.2 2 

(0.1-1.0) ) 

0.2' ' 

3 3 

80 0 

3.4 4 

(0.8-10.6) ) 

1 1 

115 5 

0.9 9 

(0.0-4.8) ) 

0.3* * 
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Inn the group with the mutation, about half of the thrombotic episodes oc-
curredd spontaneously, whereas in the group with a normal genotype, two-
thirdss of the episodes were provoked by exogenous risk factors (Table 3). 
Thee absolute annual incidence of venous thrombosis among women who had 
thee mutation and used oral contraceptives was lower than in the women 
withoutt the mutation (0.2% [95% CI 0.1% to 1.0%] and 0.9% [95% CI 0.1% to 
3.2%],, respectively), although this difference was not statistically significant. 
Noo pregnancy-related episodes of venous thromboembolism occurred in the 
groupp with the normal genotypejin the group with the prothrombin 20210A 
mutation,, 3 of 80 pregnancies were complicated by venous thromboembo-
lism.. All these episodes occurred in the postpartum period. In the group 
withoutt the mutation, 2 out of 77 exposures to surgery, immobilization, or 
traumaa were complicated by venous thromboembolism, while in those with 
thee mutation, 1 out of 115 risk episodes was complicated by thrombosis. 

Discussion n 

Ourr preliminary findings suggest that a first-degree relative of a symptomatic 
heterozygouss propositus who also carries the prothrombin 20210A mutation 
hass an absolute annual risk for a first episode of venous thromboembolism of 
0.40%% (95% CI 0.18% to 0.75%) (Table 1). This rate is comparable to that ob-
servedd in carriers of the factor V Leiden mutation, which was found to be 
aboutt 0.45% annually11,12. Unexpectedly, the incidence in the relatives without 
thee prothrombin 20210A mutation was found to be 0.28% (95% CI 0.10% to 
0.60%),, which is about 2 to 3 times higher than the reported population risk13. 
Ass a result, the relative risk for venous thromboembolism in the present study 
wass estimated to be 1.4 (95% CI 0.5-4.0) in carriers, as compared with their 
non-affectedd family members. Assuming that the observed rate in the family 
memberss without the prothrombin 20210A mutation is erroneously high, and 
wouldd be closer to 0.1% per year, the relative risk may become about 4, 
whichh is consistent with earlier observations56'10. Why the rate in noncarriers is 
soo high, is not fully understood, but may be the result of the inclusion of se-
lectedd families, who potentially have combined defects that are yet unknown. 
Sincee the response rate of relatives at the time of the present analysis was 
onlyy 66%o, preferential investigation of symptomatic relatives may have also 
occurred,, although it is likely that this effect would also be present in the 
groupp with the mutation. Finally, the increased rate may be the result of 
chancee due to the small sample size. Analysis of the age-specific incidences is 
alsoo hampered by the small numbers per age group. It is interesting to note, 
however,, that the relative risk for venous thromboembolism in carriers of the 
prothrombinn 20210A mutation in the younger age group (15 to 30 years) is 5.6 
(95%% CI 0.7-46.3), as compared with noncarriers. Half of the thrombotic epi-
sodess in carriers in this age group were related to pregnancies. This observa-
tionn is in agreement with earlier findings that a genetic predisposition in 
women,, in combination with the exposure to increased levels of estrogen 
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(eitherr pregnancy-related or during the use of oral contraceptives) leads to the 
occurrencee of venous thromboembolism at a younger age14"16. However, the 
relationshipp with the prothrombin 20210A mutation and oral contraceptive use 
inn the present study is yet not clear. 

Inn order to draw definite conclusions about the absolute risk of venous 
thromboembolismm in carriers of the prothrombin 20210A mutation, both 
spontaneouslyy and in relation with exogenous risk factors, more families need 
too be included and the findings should be validated in prospective cohort 
studies. . 
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Theree is growing evidence that environmental and genetic risk factors often 
interactt to induce clinically manifest venous thromboembolism (VTE). The 
rolee of gene-gene interactions, although much rarer, is supported by cosegre-
gationn of genetic defects observed in patients with familial thrombophilia. In 
thiss context, factor V (FV) Leiden and the prothrombin G20210A gene muta-
tionn are of particular interest because of their high prevalence in the normal 
population;aboutt 5% and 2%, respectively in whites12. The prothrombin muta-
tionn has been reported in 10% of FV Leiden carriers with VTE3, while FV Lei-
denn is present in 30 to 40% of symptomatic carriers of the prothrombin muta-
tion24.. Homozygosity for these mutations is less common, with a prevalence 
off  0.02% for FV Leiden and 0.014% for the prothrombin mutation'2. We pres-
entt here a case of double-homozygosity for these defects. 

AA 34-year-old man presented with a first episode of idiopathic deep-vein 
thrombosis.. He had never been exposed to environmental risk factors for 
thrombosis.. Treatment consisted of subcutaneous low-molecular-weight hepa-
rinn for 1 week followed by acenocoumarol for 3 months. At 18 months fol-
low-up,, he had experienced no recurrence. Laboratory studies for thrombo-
philicc disorders showed double-homozygosity for FV Leiden and the pro-
thrombinn mutation, detected by polymerase chain reaction. None of his 15 
relativess had a history of VTE. Four were double-heterozygous carriers, 4 
weree single carriers of the prothrombin mutation, and 3 were non-carriers 
(Figuree 1). Four relatives, 2 of whom had died, were not tested but they were 
obligatee carriers of at least 1 (n=l) or both (n=3) mutations. The patient's fa-
ther,, who had a history of smoking and hypercholesterolemia, died of myo-
cardiall  infarction at 57 years of age and a son died from cribdeath. His mother 
experiencedd a myocardial infarction when she was 6l years old; she had a 
historyy of hypertension and diabetes mellitus. Fetal loss had occurred only in 
11 noncarrier. Table 1 summarizes characteristics of this family. 

Double-homozygosityy for FV Leiden and the prothrombin mutation is ex-
tremelyy rare. Theoretically, it is expected in 3 per 100 million whites. The 
thromboticc risk of this combined abnormality is unknown. Homozygosity for 
FVV Leiden increases the risk of VTE approximately 80-fold compared with 
noncarriers1.. The risk in homozygous carriers of the prothrombin mutation has 
nott yet been estimated;only case reports have been published. 

Remarkably,, only our double-homozygous patient has developed venous 
thrombosis,, while none of his single- or double-heterozygous carrier relatives 
havee experienced VTE thus far, despite their exposure to several environ-
mentall  risk factors (Table 1). The compound carriership in this family is ap-
parentlyy not associated with a high risk of VTE. This finding agrees with a 
recentt observation that the thrombotic risk in prothrombin mutants is hardly 
influencedd by the simultaneous presence of FV Leiden4. Others, however, re-
portedd a high risk of recurrence in double-heterozygous mutants3. Concomi-
tantt protective genetic factors in families with a hardly increased risk of VTE 
mayy explain this discrepancy. 
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TableTable 1 Clinical characteristics and prothrombin activity levels of the 
proposituss and his family members 

Pedigreee code 

Menn \ women 

Age.jfs s 

Thromboticc episodes 

VTE,, « 

Myocardiall  infarction, n 

Fetall  loss, n 

Exposuree to environmental risk 

factorss for VTE 

Episodess of surgery, trauma or 

immobilization,, n 

Pregnancies,, n 

Usee of oral contraceptives, yrs 

Prothrombinn activity (%) 

Homozygous Homozygous 

FVL+ FVL+ 

prothrombin prothrombin 

Cn-V Cn-V 
II.9 9 

0\1 1 

34 4 

1 1 

0 0 

--

0 0 

--
--
160 0 

Heterozygous Heterozygous 

FVL+ FVL+ 

prothrombin prothrombin 

(n-4) (n-4) 

1.1,, II.4, III.3, 

III. 5 5 

1\3 3 

67,, 43, 24, 18 

0 0 

1 1 

0 0 

18 8 

10 0 

18 8 

134,, 143, 106, 

114 4 

Heterozygous Heterozygous 

Prothrombin Prothrombin 

(n-4) (n-4) 

II.2,, II.8, III.l , 

III. 6 6 

2\2 2 

44,, 38, 22, 14 

0 0 

0 0 

0 0 

3 3 

2 2 

2 2 

134,, 124, 154, 

122 2 

Non-Non-

Carriers Carriers 

(n-3) (n-3) 

II.l ,, III.2, 

III.4 4 

0\3 3 

45,, 19, 19 

0 0 

0 0 

1 1 

7 7 

6 6 

11 1 

99,, 93*, 

118* * 

FVLL denotes factor V Leidenjprothrombin, the prothrombin G20210A gene mutationjVTE, venous 
thromboembolism. . 
**  Measurement during use of oral contraceptives. 

Bothh mutations have also been associated with myocardial infarction5. Their 
contributionn to this event in 2 double-heterozygous carriers, who already ex-
hibitedd several established risk factors, remains speculative. None of the carri-
erss showed fetal loss, another possible expression of thrombophilia6. 

Elevatedd plasma levels of prothrombin in carriers of the prothrombin mu-
tationn have been correlated with the thrombotic risk2. In our double-
homozygouss patient, prothrombin activity was shown to be clearly higher 
thann in noncarriers, while heterozygous carriers had values that fell in be-
tween. . 

Thiss family illustrates that expression of the supposed high risk of throm-
bosis,, due to gene-gene interaction and exposure to environmental risk fac-
tors,, is not a matter of course in compound carriers of FV Leiden and the 
prothrombinn mutation. Our findings emphasize the need for further studies to 
assesss the implications of these common mutations in compound carriers. 



142 2 ChapterChapter JO 

FigureFigure 1 Pedigree of the reported family. The arrow indicates the propo-
situs,, who is a double-homozygous carrier of factor V Leiden 
(FVL)) and the prothrombin G20210A gene mutation (prothrom-
bin).. Individuals with a slash through the symbol are deceased. 
TEE denotes venous thromboembolism. 
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Inn this issue of Cardiovascular Research Nagai and colleagues present inter-
estingg data on the effect of post-menopausal estrogen replacement therapy on 
carotidd artery stiffness1. The results of this study may in part explain the bene-
ficiall  effect of this treatment on cardiovascular morbidity and adds to other 
mechanismss which may play a role in this respect2. Indeed, hormonal re-
placementt therapy is associated with a reduced cardiovascular risk but the 
otherr side of the coin is that it becomes increasingly clear that there are some 
disadvantagess as well. Recently, it was shown that the use of hormonal re-
placementt therapy results in a higher risk for developing venous thromboem-
bolism3,4.. A similar effect has clearly been shown for the use of oral contra-
ceptives.. Although a large number of studies have shown that both oral con-
traceptivess and hormonal replacement therapy may have considerable and 
differentiall  effects on the systems of blood coagulation and fibrinolysis, a de-
finitiv ee direct link between these changes and the occurrence of a prethrom-
boticc state has not been documented. 

Inn this short manuscript we propose a mechanism based on previous re-
searchh that may explain the association between the use of oral contraceptives 
andd other estrogen substitution and the enhanced risk of venous thromboem-
bolism.. We hypothesize that an imbalance between activation of coagulation 
andd fibrinolysis might contribute to the enhanced incidence of thrombo-
embolismm in women using these agents. This hypothesis may also explain the 
surprisinglyy higher thromboembolic risk associated with the use of third gen-
erationn oral contraceptives as compared with second generation oral contra-
ceptivess and post-menopausal estrogen replacement. 

Orall  contraceptives and venous thromboembolism 

Initiall  clinical observations in the 1960's, revealing that the use of oral contra-
ceptivess is associated with an increased risk of venous thromboembolism, 
weree subsequently confirmed in case-control and cohort studies56. Most of 
thesee studies were performed in a time when the so called first generation of 
orall  contraceptives were used, which contain relatively high dosages of estro-
genss (more than 50 jig daily). Currently used pills are "second generation" 
orall  contraceptives, containing lower dosages of estrogen (usually 30 \xg), and 
thirdd generation oral contraceptives, which have the same lower dose of es-
trogenn but are combined with another type of prostagens. These progestagens 
aree reported to cause less adverse metabolic effects as compared with the 
prostagenss used in first and second generation pills. Recently, a number of 
studiess have addressed the risk of venous thromboembolism associated with 
thee use of todays oral contraceptives. These studies confirm that the use of 
orall  contraceptives is associated with a significantly increased relative risk of 
venouss thromboembolism (odds ratio 3-3 to 4.2, as compared with no use)710. 
Surprisingly,, the odds ratio's associated with the use of third generation con-
traceptivess were approximately two-fold higher than those observed for the 
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secondd generation oral contraceptives. Thusfar, the mechanisms underlying 
thesee differential effects have not been elucidated. 

Duringg the last two decades it became evident that congenital or acquired 
abnormalitiess in the function of blood coagulation and fibrinolysis may result 
inn an enhanced risk for venous thromboembolic events"12. Under physiologi-
call  circumstances there is a low-grade activation of blood coagulation, as a 
resultt of the continuous activation of coagulation factors, which in turn is 
regulatedd by the physiological inhibitors of coagulation. The activation of the 
coagulationn cascade is on the other hand counterbalanced by a concurrent 
low-gradee activation of endogenous fibrinolysis, regulated by fibrinolytic in-
hibitors.. Hence, under normal conditions a balanced activation of coagulation 
andd fibrinolyis proceeds. Specific defects in either system may shift this bal-
ancee towards a prethombotic state, which may contribute to the occurrence of 
aa thromboembolic event. It has repeatedly been documented that oral contra-
ceptivess have considerable effects on the systems of blood coagulation and 
fibrinolysis.. Therefore, it is tempting to speculate that differential effects of 
orall  contraceptives on blood coagulation and fibrinolysis may explain the ob-
servedd effects on the incidence of venous thromboembolism in oral contra-
ceptivee users. 

Effectss of oral contraceptives on coagulation 

Orall  contraceptives induce significant alterations in the concentration of co-
agulationn factors as well as the physiological inhibitors of this system. It ap-
pearss that the estrogen content of oral contraceptives causes these changes in 
aa dose-dependent fashion1314. In particular, an increase in coagulation factors 
VIII  and X up to 170% of base-line values and a small 10-20% increase in 
plasmaa levels of fibrinogen has been reported. In addition, and probably 
moree important, significant reductions in the plasma concentrations of in-
hibitorss are found, particularly of coagulation inhibitor protein S, with plasma 
concentrationss as low as 50% of normal values after the use of (relatively high 
doses)) estrogens1113. Furthermore, plasma levels of antithrombin III may be 
decreased,, although to a much lesser extent. Recently, a reduced sensitivity to 
activatedd protein C was shown in users of oral contraceptives, which defect 
appearedd to be particularly associated with the use of third generation contra-
ceptives15. . 

Thee net result of these changes is an increase in the generation of the key 
enzymee thrombin, as has been documented by sensitive and specific markers 
forr thrombin generation, such as prothrombin activation peptide Fl+2, throm-
bin-antithrombinn complex, and by the thrombin generation test"'15. These ef-
fectss on blood coagulation are particularly present at relatively high dosages 
off  estrogen O50 Jig/day). However, also the estrogen doses that are currently 
usedd in second and third generation oral contraceptives result in an enhance-
mentt of these markers for thrombin generation. In contrast, progestagens do 
nott or only minimally affect the blood coagulation system11. 
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Effectss of oral contraceptives on fibrinolysi s 

Besidess their effect on coagulation, estrogens also induce a dose-dependent 
activationn of endogenous fibrinolytic activity13'16. After administration of estro-
genn an increase in plasma levels of plasminogen activator activity is detect-
able,, whereas no changes are observed in the concentration of the inhibitor 
off  plasminogen activation, plasminogen activator inhibitor (PAI-1). The net 
effectt on fibrinolysis is an increase in plasmin formation, which is reflected by 
overalll  fibrinolytic tests, such as fibrin clot lysis assays. 

Thee question arises whether the estrogen-mediated increase in fibrinolytic 
activityy wil l completely counterbalance the estrogen-induced activation of 
bloodd coagulation. Evidence from studies with post-menopausal hormone 
replacementt (which contains exclusively estrogen) indicates that this may not 
bee the case (see further)3'4 '7. 

Progestagenss appear to modulate the fibrinolysis-enhancing effect of estro-
gen.. Second generation progestagens, such as levonorgestrel or norethister-
one,, only minimally inhibit the induction of fibrinolysis by estrogens, although 
aa direct comparison between the effects of estrogens with and without this 
classs of prostagens on specific fibrinolytic parameters is not available"*. How-
ever,, the third generation progestagens, gestodene, desogestrel or norges-
timate,, appear to block the estrogen-induced increase in fibrinolytic activity to 
aa much larger extent19,20. Experiments performed by Bonnar, where a direct 
comparisonn between equal doses of estrogen in combination with either a 
secondd or third generation progestagen was made, revealed a lower fibrino-
lyti cc activity associated with the use of these third generation progestagens13. 

Imbalancee between activation of coagulation and fibrinolysi s 

Thee available evidence indicates that the coagulation-enhancing effect of es-
trogenss is counterbalanced by a simultaneous activation of endogenous fibri-
nolysis,, i.e. a potential prethrombotic effect is neutralized by the estrogen-
inducedd pro-fibrinolytic effect. However, results from studies with users of 
post-menopausall  hormone replacement therapy, in which an increased inci-
dencee of venous thromboembolism was shown, indicate that this neutraliza-
tionn may not be complete and a net estrogen-induced prethrombotic state 
remains34. . 

Presumably,, the combination of estrogen and progestagen may further 
interferee with this balanced activation. Is it possible that the differential effects 
off  the constituents of the available oral contraceptives on coagulation and 
fibrinolysiss may explain the differences in the risk for venous thromboembo-
lism?? We hypothesize that the progestagen content of oral contraceptives, by 
virtuee of the modulation of the estrogen effect on fibrinolysis, may considera-
blyy affect the prethrombotic effect of oral contraceptives, which in turn may 
explainn the observed clinical effects. Our hypothesis is schematically repre-
sentedd in Figure 1. 
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FigureFigure 1 The degree of activation of coagulation and fibrinolysis as in-
ducedd by the various generations oral contraceptives (OAC) is 
schematicallyy represented. The degree of activation of coagula-
tionn is dependent on the estrogen dose, and therefore lower with 
thee use of 2nd and 3rd generation oral contraceptives. The arrow 
indicatess the progestagen-dependent inhibition of estrogen-
inducedd activation of fibrinolysis (which is more pronounced 
withh the use of 3rd generation oral contraceptives), and indicates 
thee extent of the resulting imbalance. 

II coagulation; 

1stt generation OC 2nd generation OC 3rd generation OC 

Firstt generation oral contraceptives contain relatively high doses of estrogen 
inn combination with older progestagens. This combination results in a proco-
agulantt effect, which is not completely counterbalanced by the fibrinolytic 
system.. The use of these agents is associated with an increased incidence of 
venouss thromboembolism in comparison to no use, as has been convincingly 
documented5,.. Second generation oral contraceptives contain lower doses of 
estrogenn with similar progestagens as compared with the first generation oral 
contraceptives.. These agents will result in less, but still increased, activation of 
coagulation.. However, also the induction of fibrinolysis will be tempered, and 
thee net effect will  be prethrombotic. Indeed, users of second generation oral 
contraceptivess have a higher risk of venous thromboembolism as compared 
withh non users7"10. In line with this reasoning, the use of third generation oral 
contraceptivess (with progestagens that may block the estrogen-induced acti-
vationn of fibrinolysis even more) will result in a further disturbance of the co-
agulation-fibrinolysiss balance, which will translate into a higher incidence of 
venouss thromboembolism as compared with second generation oral contra-

9,10 0 

ceptivess . 
Itt is not completely clear whether it is justified to translate the enhanced 

thrombinn generation, as detected by laboratory investigation, to an increased 
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riskk for venous thromboembolic disease. Elevated levels of markers for 
thrombinn generation have been associated with thrombotic disease, but this 
evidencee relates to higher levels of markers for thrombin generation than 
thosee that are observed in users of oral contraceptives. It is, however, very 
likelyy that the unbalanced thrombin generation induced by oral contraceptives 
mayy act in combination with other well known genetic or envionmental risk 
factorss for venous thromboembolism, (e.g. deficiencies of coagulation inhibi-
torss or a mutation in factor V)21. 

InIn conclusion, we hypothesize that the progestagen contents of oral con-
traceptivess may significantly modulate the estrogen-induced enhancement of 
fibrinolysis,, thereby resulting in an imbalance between the estrogen-induced 
pro-coagulantt and pro-fibrinolytic effects and potentially resulting in a net 
prethromboticc state. This effect may provide a possible explanation for the 
associationn between oral contraceptives and venous thromboembolism. In 
addition,, the differential effect of different types of oral contraceptives on the 
incidencee of venous thrombosis may be explained by this mechanism. 
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Abstract t 

Background:Background: We have reported previously that, compared with use of second 
generationn oral contraceptives, the use of third generation oral contraceptives 
iss associated with increased resistance to the anticoagulant action of activated 
proteinn C (APC). Owing to the cross-sectional design of that study, these ob-
servationss may have been subject to unknown bias or uncontrolled effects of 
thee menstrual cycle. We aimed to overcome these sources of bias by doing a 
cycle-controlledd randomised cross-over trial. 

Methods:Methods: The response to APC in plasma was assessed in 33 women who re-
ceivedd two consecutive cycles of a second generation oral contraceptive 
(150pgg levonorgestrel and 30pg ethinylestradiol) or a third generation oral 
contraceptivee (150pg desogestrel and 30ug ethinylestradiol), and who 
switchedd preparations after two pill-free cycles. Normalised APC sensitivity 
ratio'ss were calculated by measurement of the effect of APC on thrombin gen-
erationn in the plasma of these women and in pooled plasma from 90 controls. 

Findings:Findings: Of the 33 women, five were excluded. In the remaining 28 women, 
thee normalised APC sensitivity ratio increased during treatment with both 
preparations.. Compared with levonorgestrel, desogestrel-containing oral con-
traceptivee treatment caused a highly significant (p<0.0001) additional increase 
inn normalised APC sensitivity ratio (0.51, 95% CI 0.37 - 0.66). Normalised APC 
sensitivityy ratios during oral contraceptive treatment correlated with the values 
beforee oral contraceptives use. 

Interpretation:Interpretation: Oral contraceptive treatment diminishes the efficacy with 
whichh APC down-regulates in vitro thrombin formation. This phenomenon, 
designatedd as acquired APC resistance, is more pronounced in women using 
desogestrel-containingg oral contraceptives than in women using levonor-
gestrel-containingg preparations. Whether acquired APC resistance induced by 
orall  contraceptives explains the increased risk of venous thromboembolism in 
orall  contraceptives users remains to be established. 
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Introductio n n 

Sincee the early 1960s, the use of oral contraceptives has been associated with 
ann increased risk for venous thromboembolism. After the introduction of low 
dosee pills containing 50 u,g ethinylestradiol or less, the thrombotic risk gradu-
allyally decrease1; thus the estrogen component of oral contraceptives was gener-
allyally accepted as being the cause of the increased risk of venous thromboem-
bolism.. However, the type of progestagen in oral contraceptives seems also to 
havee a role in the risk of this disorder. In 1995 and 1996, several epidemiol-
ogicall  studies reported that women who used third generation oral contra-
ceptivess containing either gestodene or desogestrel had a thrombotic risk two 
too three times that of women using second generation oral contraceptives 
whichh contained levonorgestrel25. The outcome of these studies was, how-
ever,, questioned in later publications6,7. This controversy resulted in several 
criticall  reviews in which the effects of progestagens on the occurrence of ve-
nouss thromboembolism were discussed811. 

Soo far, there is no good biological explanation for the thrombotic effect of 
orall  contraceptives. These preparations seem to affect the concentrations of 
manyy proteins involved in blood coagulation'2,\ but since the changes seen 
havee been small, and because concentrations of coagulation factors usually 
stayy within the normal range during oral contraceptives use, most investiga-
torss agreed that the effect of such preparations on haemostatic variables could 
nott explain the increased risk of venous thromboembolism. 

Wee have reported that oral contraceptive use is associated with acquired 
resistancee to activated protein C (APC), and that the plasma of women who 
usee third generation oral contraceptives is more resistant to the anticoagulant 
actionn of APC than the plasma of users of second generation oral contracep-
tives11 . Since hereditary APC resistance15, which is due to a mutation in factor 
VV (factor V Leiden) at an APC cleavage site16, is associated with an increased 
riskk of venous thromboembolism17, several investigators9 H1H have postulated 
thatt acquired APC resistance (measured as the effect of APC on thrombin 
generation)) may explain the thrombotic effect of oral contraceptives and the 
furtherr risk increase associated with the use of third generation preparations. 

Sincee our previous study was cross-sectional and did not control for men-
struall  cycle effects, selection bias or uncontrolled cycle effects may have con-
tributedd to the observed differences between the different kinds of oral con-
traceptive8'13'1*" 21.. We now report the effects of a second generation oral contra-
ceptivee containing levonorgestrel, and a third generation oral contraceptive 
containingg desogestrel on the anticoagulant action of APC in the plasma of 
womenn who took part in a cycle-controlled randomised cross-over study. The 
findingss are part of a larger study on the effects of oral contraceptives on 
haemostaticc variables, the results of which wil l be published elsewhere. 
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Methods s 

StudyStudy design and participants 
Thirty-threee healthy female volunteers between the ages of 18 and 40 years, 
whoo had not used oral contraceptives for at least 12 months before the start of 
thee study, were assigned in random order two oral contraceptive preparations: 
aa levonorgestrel-containing monophasic oral contraceptives preparation (30ug 
ethinylestradioll  and 150ug levonorgestrel) nad a desogestrel-containing 
monophasicc oral contraceptives preparation (30ug ethinylestradiol and 150ug 
desogestrel).. The first oral contraceptive was used for two consecutive cycles 
(phasee 1), and after a washout of two menstrual periods, the volunteer was 
switchedd to the second preparation for two more cycles (phase 2). Blood 
sampless were obtained between day 18 and 21 of six menstrual cycles - at 
baselinee before starting on the oral contraceptives, during the two cycles of 
thee first preparation, in the last menstrual cycle of the washout period, and 
duringg the two cycles of the second preparation. 

Controlss were 90 healthy volunteers (40 women not using oral contracep-
tives,, and 50 men, mean age 35 years). All volunteers gave written informed 
consent.. The study was approved by the Institutional Review Board of the 
Academicc Medical Center, Amsterdam, Netherlands. 

Methods Methods 
Alll  blood samples (nine parts of blood in one part 0.13 M sodium citrate, pH 
7.8)) were drawn under standardised conditions - at 9-00 a.m., after a period 
off  15 minutes rest, and after abstinence of caffeine, alcohol, or nicotine for 12 
hours.. Cell-free, citrated plasma was prepared and centrally stored at -70 °C. 
Plasmaa samples from controls were pooled. Samples were analysed after all 
volunteerss had completed the treatment regimen. The APC resistance test was 
donee in duplicate and without knowledge of the oral contraceptive prepara-
tionn used. 

Normalisedd APC sensitivity ratios were calculated by comparison of the 
effectt of 5 nM APC on thrombin generation, which was started in plasma from 
studyy participants and in normal pooled plasma with 0.4 ng/ml tissue factor, 
155 uJVl phospholipid, and 16 mM added CaCl2 (final concentrations in 
plasma)14.. When quantitated with an antigen assay (American Diagnostics) the 
tissuee factor concentration, used in this and previous studies14,22 was 0.4 ng/ml. 
Thee presence of the factor V Leiden mutation was determined by DNA analy-
sis.. In addition to the normalised APC sensitivity ratio, several other haemo-
staticc variables (coagulation factors, protease inhibitors, proteins of the fibri-
nolyticc system and the protein C pathway, and other markers of coagulation 
andd fibrinolysis) were also measured. 
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StatisticalStatistical analysis 
Valuess of the normalised APC sensitivity ratio during the two cycles of a given 
orall  contraceptive preparation were averaged, and the increase was calculated 
relativee to the value calculated immediately before the start of oral contracep-
tivee use (i.e., relative to baseline in phase 1 and to washout in phase 2). 
Graphss of this treatment effect by phase and type of oral contraceptive were 
inspectedd for interaction. Since there was an indication for a slight treatment 
byy phase interaction, the phase difference (phase 1 minus phase 2) as a result 
off  changing oral contraceptive was calculated for the individuals in each 
group23.. The significance of the phase difference between the two treatment 
groupss (desogestrel then levonorgestrel and levonorgestrel then desogestrel) 
wass assessed with a t-test with the assumption of non-equal variances23. By 
regressionn analysis, the association between the mean normalised APC sensi-
tivitytivity  ratio before and during treatment was assessed separately for levonor-
gestrell  and desogestrel. Analysis was limited to participants for whom both 
baselinee samples and at least one sample from each phase were available. 

Results s 

Fivee of the 33 eligible volunteers were excluded: one because blood samples 
weree obtained only during use of one oral contraceptive type, one because 
sampless were mislabelled, and three because the women withdrew consent 
becausee they were unable to visit the laboratory at specified times. None of 
thee volunteers, including those who withdrew consent, developed clinical 
signss or symptoms of venous thromboembolism. The plasma samples of 28 
participantss were available for analysis (14 in group 1, who started with levo-
norgestrel,, mean age 23 years [SD 2.51; and 14 in group 2, who started with 
desogestrel,, mean age 25 years [SD 5.51). 

Normalisedd APC sensitivity ratios were calculated for each treatment group 
att each sample time points during the study (Table; Figure 1). With the ex-
ceptionn of one woman with a factor V Leiden mutation (baseline ratio 3.13), 
thee normalised APC sensitivity ratios before oral contraceptive use were simi-
larr in the two groups and within the normal range. In both groups (including 
thee factor V Leiden individual), the ratios increased substantially during oral 
contraceptivess treatment. Compared with the start values, the ratios remained 
slightlyy raised at the end of the washout period (p<0.01), and increased again 
duringg the second phase of treatment (Figure 1). 

Forr each group, the effects of levonorgestrel-containing and desogestrel-
containingg oral contraceptives on the normalised APC sensitivity ratio were 
comparedd by calculation of the difference between the increase in the average 
valuee during phase 1 and phase 2 from baseline or wash-out, respectively. 
Thee difference between the two groups was highly significant (p<0.0001, Fig-
uree 2); the mean difference was 0.51 (95% CI 0.37 - 0.66). 
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FigureFigure 1 Normalised APC sensitivity ratio values at different time intervals 
inn the cross-over 
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(A)) Group 1. (B) Group 2. Lev = levonorgestrel-containing oral contraceptives (150 u.g levonor-
gestrel/300 Hg ethinylestradiol), dsg = desogestrel-containing oral contraceptives (150 u.g deso-
gestrel/300 Hg ethinylestradiol). The open symbol represents the heterozygous factor V Leiden 
carrier. . 

FigureFigure 2 Change in normalised APC sensitivity ratio during crossover of 
orall contraceptives 
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Differencee between the average increases in normalised APC sensitivity ratio in period 1 (oral 
contraceptivesl)) and period 2 (oral contraceptives2), relative to baseline or wash-out, respectively 

(cf.. also Figure 1). 
Groupp 1, lev - dsg: (normalised APC sensitivity ration-normalised APC sensitivity ratiolli-dTO)-
(normalisedd APC sensitivity ration-normalised APC sensitivity ratio, „,,) 
Groupp 2, dsg - lev: (normalised APC sensitivity ration-normalised APC sensitivity r a t i o^ . J -
(normalisedd APC sensitivity ration-normalised APC sensitivity ratiowj-ll). 
Thee p-value for the difference between the two treatments was obtained using Student's t-test 
(assumingg non-equal variances). The open symbol represents the heterozygous factor V Leiden 
carrier. . 
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Thee average normalised APC sensitivity ratios for the two cycles of either le-
vonorgestrel-containingg or desogestrel-containing oral contraceptive (irrespec-
tivee of the treatment period) were plotted against the values calculated before 
thee start of the respective treatments (Figure 3). For both regimens, a highly 
significantt correlation was observed between the ratio before and during oral 
contraceptivess therapy (r = 0.81 [0.64-0.91] for levonorgestrel, and 0.83 [0.66-
0.92]]  for desogestrel). The correlation remained (0.69 [0.42-0.84] and 0.75 
[0.52-0.88]]  respectively) when the individual with the factor V Leiden muta-
tionn (Figure 3, open circles) was omitted from the regression analysis. 

FigureFigure 3 Correlation of normalised APC sensitivity ratio values before and 
duringg oral contraceptives use 
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Averagee normalised APC sensitivity ratio determined during treatment with (A) levonorgestrel-
containingg oral contraceptives or (B) desogestrel-containing oral contraceptives plotted as a func-
tionn of the normalised APC sensitivity ratio determined prior to the start of the respective oral 
contraceptives.. Open symbols represent the individual heterozygous for Factor V Leiden. 

Discussion n 

Wee found that levonorgestrel-containing and desogestrel-containing oral con-
traceptivess have different effects on the normalised APC sensitivity ratio - a 
haemostaticc variable that quantifies the efficacy with which APC down-
regulatess thrombin generation in plasma. With either kind of oral contracep-
tive,, the normalised APC sensitivity ratio already significantly increased during 
thee first cycle of oral contraceptives treatment (Figure 1). However, the ratio 
wass higher during use of desogestrel-containing oral contraceptives than dur-
ingg use of levonorgestrel-containing preparations (pO.0001, Figure 2). Thus, 
thee plasma of women on desogestrel-containing oral contraceptives is sub-
stantiallyy more resistant to the anticoagulant action of APC than that of 
womenn using levonorgestrel-containing oral contraceptives. The design of this 



160 0 ChapterChapter 12 

studyy virtually excludes the possibility that this difference is caused by un-
controlledd cycle effects or variability between individuals. 

Inn addition to APC resistance, we also assessed many other haemostatic 
variabless that probe the activity of the procoagulant, anticoagulant and fibri-
nolyticc pathways. Preliminary reports of these data24'M show that the effects of 
levonorgestrel-- containing and desogestrel-containing oral contraceptives on 
thee other haemostatic variables largely agree with those reported in other 
publishedd studies12. The changes in some coagulation variables (increased 
concentrationss of factors II, VII and thrombin-activatable fibrinolysis inhibitor, 
andd decreased concentrations of factor V and protein S) were more pro-
nouncedd with desogestrel than with levonorgestrel. However, the differences 
inn these variables between the two kinds of oral contraceptive were small, 
whichh points to acquired APC resistance as the most important haemostatic 
variablee for further investigation of the thrombotic effects of different oral 
contraceptivee generations. 

Comparisonn of the response to APC at various times in the cross-over 
showedd that there was a correlation between the normalised APC sensitivity 
ratioo before and during oral contraceptives use - i.e., that high values at the 
startt predispose to high values during treatment. The fact that this relation was 
alsoo observed for the heterozygous carrier of factor V Leiden suggests that the 
effectss of oral contraceptives and the factor V Leiden mutation on the nor-
malisedd APC sensitivity ratio are additive14, and calls for a further investigation 
off  the effects of second generation and third generation oral contraceptives on 
thee anticoagulant action of APC in the plasma of heterozygous and homozy-
gouss carriers of Factor V Leiden. 

Hereditaryy APC resistance, caused by a mutation in the factor V gene'6, is 
associatedd with an increased risk of venous thromboembolism17. Moreover, 
theree seems to be a correlation between normalised APC sensitivity ratios cal-
culatedd by quantification of the effect of APC on thrombin generation and the 
riskk increase of venous thromboembolism in oral contraceptive users and in 
carrierss of factor V Leiden91"1826. Taken together, these findings suggest that 
acquiredd APC resistance may explain the increased thrombotic risk of oral 
contraceptivess users, and the suggested further risk increase reported for users 
off  desogestrel-containing preparations". One report, however, concluded that 
acquiredd APC resistance, established via a tissue factor-initiated test, has no 
associationn with venous thromboembolism27. Analysis of the plasma collection 
off  the Leiden Thrombophilia Study showed that APC sensitivity ratios calcu-
latedd with the same APC resistance test as that used in our study predict the 
riskk of venous thrombosis in both carriers and non-carriers of factor V Lei-
den28.. In addition, there are several other indications that acquired APC resis-
tancee may have clinical implications29,30 and that APC resistance in the absence 
off  the factor V Leiden mutation is a risk factor for venous thromboembo-
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Summary y 

Combinedd oral contraceptives (OC) are known to increase the risk of venous 
thromboembolism.. The aim of this randomized, cycle-controlled, cross-over 
studyy in 28 healthy volunteers was to assess potential differences between the 
effectss of an OC containing 150 ug levonorgestrel (as representative of the so-
calledd second generation OC) and an OC containing 150 ug desogestrel (as 
representativee of the third generation OC) in combination with 30 pg ethinyl-
estradioll  on several coagulation factors and markers of thrombin formation. 
Alll  participants used each OC for two cycles, and were switched to the other 
OCC after a washout period of two menstrual cycles. The plasma concentra-
tionss of factors II, VII , X, and fibrinogen significantly increased during use of 
bothh the levonorgestrel- and desogestrel-containing OC's. The plasma con-
centrationss of factor VII I increased, and of factor V decreased, changes which 
onlyy reached statistical significance during the use of the desogestrel-
containingg OC. During exposure to the desogestrel-containing OC, as com-
paredd with the levonorgestrel-containing OC, both factor VII and factor II 
showedd a greater increase (FVII: 32% and 12% respectively;p<0.0001;FII: 16% 
andd 12% respectively;p=0.048), whereas factor V showed a greater decrease (-
11%% and -3% respectively;p=0.010). Only one of the markers for ongoing co-
agulationn (prothrombin fragment 1+2) showed a significant increase during 
OCC use, whereas concentrations of thrombin-antithrombin complexes and 
solublee fibrin remained unchanged. For these markers, there was no differ-
encee between the tested OC's. We conclude that there are differences be-
tweenn the effects of levonorgestrel and desogestrel-containing OC's on some 
coagulationn factors. Whether these changes provide a biological explanation 
forr the reported differences in venous thromboembolic risk is as yet unclear. 
Thee real challenge now becomes to define a pattern of changes in the various 
systemss which, if affected simultaneously, may tip the hemostatic balance to-
wardss a prethrombotic state and may lead to overt clinical venous thrombo-
embolism. . 
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Introduction n 

Sincee the introduction of combined oral contraceptives (OC's) in the 1960's, it 
hass been known that their use is associated with an increased risk of venous 
andd arterial thromboembolism1. Subsequent reductions in the dosages of the 
estrogenn component have lowered this risk". Also, changes in the type of 
progestagenn have been pursued in an attempt to further reduce the risk of, in 
particular,, arterial thromboembolism. In recent years, however, several epi-
demiologicall  studies indicated that the use of these newer, so-called third 
generationn OC's (in which the progestagen component consisted of deso-
gestrell  or gestodene, instead of levonorgestrel), was associated with an ap-
proximatelyy two-fold increased risk of venous thromboembolism, as com-
paredd with OC's of the second generation5^. This risk increase was questioned 
inn later publications1011. 

Numerouss investigations have shown that oral contraceptives induce sig-
nificantt alterations in many hemostatic variables with increases and decreases 
off  the concentrations of coagulation and fibrinolytic factors, as well as their 
physiologicall  inhibitors12. However, the net effect on the hemostatic balance 
hass been hard to evaluate. All studies so far have used a cohort design, which 
madee assessment of differential effects between OC's on hemostasis difficult, 
partlyy due to the large inter-individual variations in the concentrations and 
changess of the studied factors. Therefore, a biological explanation for the dif-
ferencee in risk of venous thromboembolism between second and third gen-
erationn OC's has been difficult to establish. The aim of the present cross-over 
studyy was to assess potential differences between the effects of a levonor-
gestrel-containingg OC (as representative of the second generation) and a 
desogestrel-containingg OC (as representative of the third generation OC) on 
severall  coagulation factors and markers of thrombin formation. 

Methods s 

StudyStudy design and subjects 
InIn a cycle-controlled, cross-over study the effects of two low dose oral contra-
ceptivess on indices of hemostasis were compared. Thirty-three healthy female 
volunteerss between the age of 18 and 40 years, who had not used oral con-
traceptivess for at least 12 months prior to start of the study, were recruited. 
Eachh volunteer was randomly assigned to start with either a levonorgestrel-
containingg monophasic preparation (30 (Xg ethinylestradiol + 150 Jig levonor-
gestrel)) or a desogestrel-containing monophasic preparation (30 (ig ethinyles-
tradioll  + 150 ng desogestrel). The oral contraceptive was used for two con-
secutivee cycles, and after a washout of two menstrual periods, the volunteer 
wass switched to the other preparation for two more cycles. Blood samples 
weree obtained between days 18 and 21 of six cycles, i.e. at baseline, during 
thee two cycles of the first OC, in the last menstrual cycle of the washout pe-
riod,, and during the two cycles of the second OC. 
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Alll  volunteers gave written informed consent. The study was approved by the 
Institutionall  Review Board of the Academic Medical Center, Amsterdam, The 
Netherlands. . 

CollectionCollection and handling of plasma samples 
Alll  blood samples (nine parts of blood in one part 0.13 M sodium citrate, pH 
7.8)) were drawn under standardized conditions, i.e. at 9.00 a.m., after a pe-
riodd of 15 minutes rest, with abstinence of caffeine, alcohol or nicotine use in 
thee 12 hours prior to investigation. Cell-free, citrated plasma was prepared, 
coded,, and centrally stored at -70° C. All samples were assayed after all vol-
unteerss had completed the treatment regimes. All assays were performed 
withoutt knowledge of the OC preparation used. 

LaboratoryLaboratory methods 
Factorr VII and factor X activity was determined in one-stage clotting assays in 
aa Behring Coagulation System (Behring, Leusden, the Netherlands) according 
too the instructions of the manufacturer. Factor V was quantitated via its ability 
too stimulate prothrombin activation as decribed before13. Factor VII I was 
quantitatedd with the Coamatic factor VIII kit according to the manufacturer's 
instructionss (Chromogenix, Mölndal, Sweden). 

Factorr II was determined after complete activation with ecarin, the partially 
purifiedd prothrombin activator present in Echis carinatus venom (Pentapharm, 
Basel),, as described before14. Fibrinogen was quantitated by means of an 
automatedd Clauss method on the ACL-7000 coagulation-analyzer (Instrumen-
tationn Laboratory Netherlands BV). Prothrombin fragments 1+2 and thrombin-
antithrombinn (TAT) complexes were quantitated by means of sandwich-type 
ELISA-assayss (Behringwerke, Marburg, Germany). Soluble fibrin was analyzed 
byy a chromogenic procedure in which the formation of plasmin is quantitated 
afterr incubation of plasminogen and t-PA with s-FB containing citrated plasma 
(Coatestt Soluble Fibrin, Chromogenix , Mölndahl, Sweden). 

StatisticalStatistical analysis 
Onlyy samples of subjects, of whom both the baseline and the washout sam-
ples,, and at least one sample during each OC were available, were analyzed. 
Ass a first step, graphs of the observed values of the different assays at each 
timee of measurement were made for groups, that received a different treat-
mentt order, separately. The average of the values determined for each pa-
rameterr in the first and second cycle of OC treatment was used to calculate 
thee change in parameter, by subtracting the baseline value determined prior 
too the start of the respective OC. The statistical significance of this treatment 
effectt was assessed with a paired t-test. In the absence of interaction, the dif-
ferencee between the treatment effects of levonorgestrel- and desogestrel-
containingg OC's was also assessed using a paired t-test. 
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Results s 

Fivee of the 33 eligible volunteers were excluded from the analysis. One be-
causee blood samples were obtained only during use of one OC type, one be-
causee of mislabelling of the samples, and another 3 because they withdrew 
consent.. Therefore, the series of plasma samples of 28 subjects were available 
forr analysis. None of the 33 volunteers developed clinical signs of venous 
thromboembolismm during the study or follow up. Table 1 details the mean 
baselinee levels of the coagulation factors and markers of thrombin formation 
beforee exposure to each OC, and the mean increase (or decrease) during the 
usee of the levonorgestrel- and desogestrel-containing OC's, respectively. The 
plasmaa concentrations of all tested indices of coagulation and thrombin for-
mationn were within the normal range prior to exposure to OC's and returned 
too the baseline levels during the washout period, indicating the absence of 
interaction.. The plasma concentrations of the studied coagulation factors prior 
andd during exposure to the studied OC's are shown in Figures 1 and 2. The 
meann changes during exposure to the two different OC's were compared and 
analyzedd for statistical significance (Table 1, last column). 

TableTable 1 Plasma concentrations of baseline values prior to exposure of 
OC'ss and the mean change from baseline values. P-values for 
differencess between the induced mean changes by levonor-
gestrell  versus desogestrel 
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CoagulationCoagulation factors 
Comparedd with the pretreatment value, the plasma concentrations of factors 
II ,, VII , X, and fibrinogen significantly increased during use of both the levo-
norgestrel-- and desogestrel-containing OC's (Table 1). The plasma concentra-
tionss of factor VII I increased, and of factor V decreased, changes which only 
reachedd statistical significance during the use of the desogestrel-containing 
OC.. The most prominent increases for both tested OC's were observed for 
factorss VII , II, X and fibrinogen. 

Statisticallyy significant differences between the effects of levonorgestrel and 
desogestrel-containingg preparations on the plasma concentrations of factors 
VII ,, II, and V, were observed. For factor VII , there was a markedly greater 
increasee during exposure to desogestrel-containing OC, as compared with the 
increasee during the use of levonorgestrel-containing OC (32% versus 12% re-
spectively;p<0.0001).. Also, for factor II, there was a greater, albeit less promi-
nent,, increase during desogestrel use (16% versus 12% respectively;p=0.048). 
Thee decrease of factor V during use of desogestrel was significant compared 
withh the decrease induced by use of levonorgestrel (decrease of 11% versus 
3%% respectively;p=0.010). 

ThrombinThrombin formation 
Prothrombinn fragment 1+2 concentrations increased significantly during use of 
bothh levonorgestrel- and desogestrel-containing OC's, as compared with base-
linee and washout. There were, however, no significant changes in the con-
centrationss of TAT complexes and soluble fibrin during exposure to the tested 
OC's.. Statistical analysis after exclusion of series of samples with a potential of 
ex-vivoo coagulation activation (as reflected by baseline concentrations of TAT 
complexess above 30 ug/L) did not materially affect these results (data not 
shown).. No difference between the two OC preparations was observed for 
thee OC-induced increase in plasma Fl+2 concentrations. 
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FigureFigure 1 Effect of oral contraceptives on plasma concentrations of co-
agulationss factors 

Analysiss of parameters on levonorgestrel (lev) or desogestrel (dsg). The data were averaged be-
foree OC (baseline or washout), and in the two months of OC use. The following parameters are 
shown:: factor VII (A), factor V (B), factor VII I (C), factor X (D), factor II (E), fibrinogen (F). In 
eachh graph the mean is shown as a horizontal line. 

FigureFigure 2 Effect of oral contraceptives on plasma concentrations of markers 
off  thrombin activation 

Analysiss of parameters on levonorgestrel (lev) or desogestrel (dsg). The data were averaged be-
foree OC (baseline or washout), and in the two months of OC use. The following parameters are 
shown:: Fragment 1+2 (A), thrombin-antithrombin complexes (B), soluble fibrin (C). In each graph 
thee mean is shown as a horizontal line. 
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Discussion n 

Thee findings in this comparative study confirm earlier observations of impor-
tantt alterations in the plasma concentrations of coagulation factors, induced 
byy the use of OC's12. Our study indicates that the increase in the levels of fac-
torss VII and II, and the decrease of factor V, were more pronounced when 
desogestrel-containingg OC's were used. Although there are many reports of 
studiess that investigated the effect of OC use on hemostatic indices, this is, to 
ourr knowledge, the first cross-over study that allows to reliably detect (small) 
differencess between OC's. For example, it has been suggested that there may 
bee a difference in factor VII increase with use of desogestrel containing OC's" 
'7,, but the present study clearly indicates that the increase during use of deso-
gestrell  is 2.5-fold larger as compared with use of levonorgestrel-containing 
OC.. Similarly, from earlier reports no change in factor V concentrations was 
expected15,, while we demonstrate an 11% decrease in factor V plasma con-
centrationss during desogestrel use. The clinical relevance of this change is yet 
unclear,, but factor V has been found to exhibit anticoagulant activity via its 
abilityy to act as a cofactor in the inactivation of factor Vill a by activated pro-
teinn C18. Finally, although factor II concentrations are known to increase dur-
ingg exposure to OC's15'19, this study demonstrates a slight, but statistically sig-
nificant,, difference between the tested OC's. Again, the importance of these 
changess with respect to the thrombotic risk is unknown, but moderately in-
creasedd levels of factor II are associated with the risk of venous thromboem-
bolism,, both in carriers of the prothrombin 20210A mutation20, and in non-
carrierss of this mutation2'. 

Interestingly,, whereas it is confirmed that the concentration of prothrom-
binn fragment 1+2 increases during the use of levonorgestrel-containing OC22, 
wee show that it also increased during use of desogestrel-containing OC. Both 
OCC preparations showed the same effect on this marker of thrombin forma-
tion.. Finally, we did not observe a statistically significant effect on the con-
centrationss of TAT complexes or soluble fibrin while using either OC, al-
thoughh in some individuals large increases were noted. 

Howw should these findings be interpreted? Despite the changes in the in-
dividuall  coagulation factors and the discriminant effect of the OC's evaluated, 
thiss moderately sized study in healthy volunteers did not detect a difference 
betweenn the tested OC's in markers of thrombin formation, although there 
wass a clear indication of enhanced thrombin generation with use of both 
OC's.. There are at least three potential explanations. Firstly, our findings are 
true,, i.e., there is no difference on overall thrombin formation between the 
testedd OC's. Secondly, differential effects of use of OC's on other systems, in 
particularr the fibrinolytic system and the vascular endothelium, that were not 
studiedd here may be more relevant for the thrombotic potential23. Thirdly, 
differentiall  effects of levonorgestrel- or desogestrel-containing OC's are not 
detectablee on a group comparative basis, but subtle changes at the same time 
inn various systems may disturb, in a subset of susceptible individuals, the bal-
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ancee towards a prethrombotic state. The latter explanation is in accordance 
withh the epidemiological observations, since only very few individuals of the 
largee population of women exposed to OC's, will develop clinical signs of 
venouss thromboembolism". 

Theree are at least two limitations of our study. Firstly, the observation pe-
riodd was relatively short. It does demonstrate however, that changes in hemo-
staticc indices are already observed during the first cycle of exposure, which is 
inn accordance with the so-called 'starters effect', i.e. the risk of venous throm-
boembolismm being highest in the first months of OC use. Furthermore, the 
inducedd changes disappear rapidly after stopping the OC's, as demonstrated 
byy the return of all indices to baseline levels in the second menstrual cycle 
afterr discontinuation. It is, however, possible that during continued exposure 
too OC's the changes in coagulation factors may be dampened. The second 
limitationn of this investigation is the relatively small number of hemostatic 
indicess studied. However, we did study indices of thrombin formation as a 
reflectionn of both changes in coagulation factors and their physiological in-
hibitors.. Finally, in the framework of this study, the fibrinolytic pathway, as 
welll  as the anticoagulant pathway were studied in more detail and are re-
portedd separately2526. 

Thee real challenge now becomes to define a pattern of changes in the 
variouss systems which, if affected simultaneously, may tip the hemostatic bal-
ancee towards a prethrombotic state and may lead to overt clinical venous 
thromboembolism. . 
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Abstract t 

Thee effect of oral contraceptives (OC) on fibrinolytic parameters was investi-
gatedd in a cycle-controlled cross-over study in which 28 non-OC using 
womenn were randomly prescribed either a representative of the so-called sec-
ondd (30 mg ethinylestradiol, 150 mg levonorgestrel) or third generation OC 
(300 mg ethinylestradiol, 150 mg desogestrel) and who switched OC after a 
twoo month wash out period. During the use of OC, the levels of tissue plas-
minogenn activator (tPA) activity, plasminogen, plasmin-a2-antiplasmin com-
plexess and D-dimer significantly increased (by 30 to 80%), while the levels of 
plasminogenn activator inhibitor-1 (PAI-1) antigen, PAI-1 activity and tPA anti-
genn significantly decreased (25 to 50%), suggesting an increase in fibrinolytic 
activity.. These OC-induced changes were not different between the two con-
traceptivee pills. TAFI (thrombin-activatable fibrinolysis inhibitor) levels in-
creasedd on levonorgestrel, and even further increased on desogestrel. A clot 
lysiss assay that probes both fibrinolytic activity and the efficacy of the coagu-
lationn system to generate thrombin necessary to down regulate fibrinolysis via 
TAFII  snowed no change of the clot lysis time during OC use. This finding 
suggestss that the OC-induced increase in fibrinolytic activity is counteracted 
byy an increased capacity of the coagulation system to down regulate fibrinoly-
siss via TAFI. Indeed we observed that during OC use there was a significant 
increasee of Fl+2 generation during clot formation. When these assays were 
performedd in the presence of an antibody against factor XI, we observed that 
thee clot lysis time was significantly increased during OC use and that the in-
creasee in Fl+2 generation during OC therapy was due to a factor XI-
independentt process, which was significantly higher on desogestrel than on 
levonorgestrel.. These data indicate that the OC-induced inhibition of fibri-
nolysiss takes place in a factor XI-independent way and is more pronounced 
onn desogestrel than on levonorgestrel-containing OC. 



EffectsEffects of low-dose oral contraceptives on the fibrinolytic system Ml Ml 

Introduction n 

Orall  contraceptives (OC) are used world-wide by a large number of women. 
Sincee the 1960's it has become apparent that OC use is associated with an 
increasedd risk of venous' and arterial2 thrombosis. A decrease in dosage of the 
estrogenn component of OC gradually reduced this risk3. However, the more 
recentt changes in the type of progestagen appeared to have a contradictory 
effect,, i.e. the risk for venous thromboembolism increased approximately two-
foldd with the use of so-called third generation OC (desogestrel or gestodene) 
ass compared to second generation OC (levonorgestrel)4"9. This risk increase 
was,, however, questioned in other publications1011. 

Thee mechanism by which OC cause an increased risk of venous thrombo-
siss is unknown. Significant alterations in many hemostatic variables occur 
uponn the use of OC. Strikingly, both parameters of coagulation and fibrinoly-
siss show an activation of these systems, suggesting that profibrinolytic 
changess may at least in part counterbalance the procoagulant changes12 '\ The 
activationn of fibrinolysis is demonstrated by the increase in plasmin-
antiplasminn (PAP) complexes, and fibrin degradation products, such as D-
dimer.. Of the fibrinolytic proteins, the increase in the concentration of plas-
minogenn was most noteworthy14. 

Molecularr markers of coagulation and fibrinolysis have been determined in 
volunteerss using an OC of either the so-called second or third generation. 
However,, there are no extensive studies in which a direct comparison be-
tweenn the influence of second and third generation OC's has been made. The 
presentt cross-over study was initiated to determine the effect of a levonor-
gestrel-- and a desogestrel-containing OC on fibrinolytic parameters in an at-
temptt to elucidate the biological mechanism(s) by which OC exert their 
thromboticc risk. 

Materialss and Methods 

StudyStudy design and subjects 
InIn a randomized, cross-over study the effects of two low dose oral contracep-
tivess on indices of the fibrinolytic system were compared. Thirty-three healthy 
femalee volunteers between the age of 18 and 40 years, who had not used oral 
contraceptivess for at least 12 months prior to start of the study, were re-
cruited.. Each volunteer was randomly assigned to start with either a levonor-
gestrel-containingg monophasic preparation (30 mg ethinylestradiol +150 mg 
levonorgestrel)) or a desogestrel-containing monophasic preparation (30 mg 
ethinylestradioll  + 150 mg desogestrel). The oral contraceptive was used for 
twoo consecutive cycles, and after a washout of two menstrual periods, the 
volunteerr was switched to the other preparation for two more cycles. Blood 
sampless were obtained between day 18 and 21 of six cycles, i.e. at baseline, 
duringg the two cycles on the first OC, in the last cycle of the washout period, 
andd during the two cycles on the second OC. 
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Alll  volunteers gave written informed consent. The study was approved by the 
Institutionall  Review Board of the Academic Medical Center, Amsterdam, the 
Netherlands. . 

CollectionCollection and handling of plasma samples 
Alll  blood samples (nine parts of blood in one part 0.13 M sodium citrate, pH 
7.8)) were drawn under standardized conditions, i.e. at 9.00 a.m., after a pe-
riodd of 15 minutes rest, with abstinence of caffeine, alcohol or nicotine use in 
thee 12 hours prior to investigation. Cell-free, citrated plasma was prepared 
andd stored at -70 °C. The samples were analyzed after all volunteers had 
completedd the study protocol. Measurements were performed without knowl-
edgee of the OC preparation used. 

LaboratoryLaboratory methods 
tPAA antigen and PAI-antigen were determined by sandwich-type ELISA's 
(Chromogenix,, Mölndal, Sweden). PAI-1 activity was determined by an indi-
rectt two-stage enzymatic procedure (Biopool, Umea, Sweden). Plasminogen 
wass determined by a chromogenic procedure after activation with streptokin-
asee (Chromogenix). Plasmin-a2-antiplasmin complexes and D-dimers were 
quantitatedd by a sandwich-type ELISA from Behring (Marburg, Germany) and 
Diagnosticaa Stago (Asnière-sur-Seine, France), respectively. TAFI antigen was 
determinedd by ELISA as described before '\ The clot lysis assay was performed 
ass reported previously15,16. The determination of Fl+2 during clotting was exe-
cutedd as described by von dem Borne et al16. The clot lysis assay and the de-
terminationn of Fl+2 during clotting were performed in the absence and pres-
encee of a blocking anti-factor XI antibody (XI-1) to determine the contribution 
off  factor XI-dependent and independent processes. 

StatisticalStatistical analysis 
Ass a first step, graphs of the observed values of the fibrinolytic parameters 
weree made for the groups that received a different treatment order, separately. 
Inn the absence of interaction, the change, as compared to baseline or wash-
out,, between the average value of the parameter during treatment with each 
orall  contraceptive in the first and second period of treatment were combined 
andd the statistical significance of the changes was assessed with a paired t-
test.. The difference between the change during treatment with levonorgestrel 
andd desogestrel was also assessed using a paired t-test or a signed rank test, 
wheree appropriate. Analysis was limited to subjects of whom both baseline, 
washout,, and at least one sample during each OC exposure were available. 
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Results s 

EffectsEffects of levonorgestrel- and desogestrel-containing OC on fibrinolytic pa-
rameters rameters 
Fivee of the 33 eligible volunteers that participated in this study were not in-
cludedd in the final analysis. One because blood samples were only obtained 
duringg use of one OC type, one due to mislabeling of the samples and three 
becausee they withdrew consent. Therefore, the plasma samples of 28 subjects 
weree available for analysis (group 1 starting with levonorgestrel, n=l4;group 2 
startingg with desogestrel, n=l4). The fibrinolytic parameters that were deter-
minedd included tPA activity and antigen, PAI-1 activity and antigen, plasmino-
gen,, TAFI, D-dimer and the plasmin-a2-antiplasmin complex (PAP). In Figures 
1,, 2 and 3, the individual data are plotted with respect to time of sampling, 
i.e.. before OC use (baseline or washout) and the average value of the pa-
rameterr in the two months of OC use. 

Duringg the use of OC, the plasma levels of tPA activity, plasminogen, PAP 
andd D-dimer were statistically significantly increased by 30 to 80%, while the 
levelss of PAI-1 antigen, PAI-1 activity and tPA antigen significantly decreased 
withh 25 to 50% (Table 1). The changes in the plasma levels of fibrinolytic 
proteinss (tPA, plasminogen, PAI-1) as well as the end-point markers of fibri-
nolysiss (D-dimer, PAP) are indicative of an increased fibrinolytic activity dur-
ingg OC use. The data were then analyzed for significant changes between 
levonorgestrel-- and desogestrel-containing OC, using the change from base-
linee or washout (Table 1). However, for all these parameters there were no 
significantt differences between the changes obtained during treatment with 
levonorgestrel-- or desogestrel-containing OC. 

EffectsEffects of levonorgestrel- and desogestrel-containing OC on clot lysis 
Thee effect of OC use on the activity of the fibrinolytic system was also as-
sessedd in an overall clot lysis assay, which determines both the activity of the 
fibrinolyticc system and the efficiency of the coagulation system to form 
thrombinn that is necessary to down regulate fibrinolysis. This assay was 
shownn before to be dependent on the activation of TAFI by thrombin gener-
atedd via the intrinsic pathway in a factor XI-dependent way1617. In the present 
study,, the clot lysis assay was performed in both the absence (Figure 2A) and 
presencee (Figure 2B) of a blocking anti-factor XI antibody, thus determining 
thee lysis time with and without involvement of an intact intrinsic pathway, 
respectively.. Before OC use, the lysis time in the presence of the antibody 
wass shortened compared to the lysis time in the absence of the antibody, an 
observationn that is consistent with a factor XI-dependent protection of clot 
lysis.. The use of OC did not affect the clot lysis time in the absence of anti-
factorr XI antibody (Table 1, Figure 2A), but caused a significant prolongation 
off  the clot lysis time in the presence of the anti-factor XI antibody (Table 1, 
Figuree 2B). In the assay performed in the presence of the antibody, there was 
aa strong trend for a longer lysis time on desogestrel-containing OC compared 
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too levonorgestrel-containing OC. These results suggest that during the use of 
OC,, the activation of TAFI was enhanced in a factor XI-independent fashion, 
indicatingg that a factor XI-independent mechanism contributes to the protec-
tionn of the clot from lysis, most likely via extra generation of thrombin. 

Interestingly,, the TAFI antigen levels were significantly increased during 
thee use of OC (Table 1), and the levels were higher (p=0.05) during the use 
off  desogestrel- compared to levonorgestrel-containing OC. 

TableTable 1 Effectt of OC on fibrinolytic parameters 
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aa non-normal distribution: 
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mediann and interquartile range are depicted. 
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EffectsEffects of levonorgestrel- and desogestrel-containing OC on Fl+2 formation 
duringduring clot formation 
Too further investigate thrombin generation that is necessary for the down 
regulationn of fibrinolysis, we measured the generation of Fl+2 during clot 
formation.. Fl+2 generation during and after clot formation was shown before 
too be dependent on the feed back activation of factor XI by thrombin16. In the 
presentt study, the concentration of Fl+2 was determined at 60 minutes after 
clott formation either in the absence or presence of the blocking anti-factor XI 
antibody.. In the absence of antibody, the Fl+2 levels were approximately 
two-foldd increased during OC use (Figure 3A, Table 1), with no difference 
betweenn levonorgestrel and desogestrel. 

Thee contribution of the factor XI-independent pathway to Fl+2 formation 
wass assessed by performing the assay in the presence of the blocking anti-
factorr XI antibody. In the presence of the antibody the generation of Fl+2 
wass decreased (Table 1), indicating that the intrinsic coagulation pathway 
contributedd to thrombin formation in this assay. The factor XI-independent 
Fl+22 generation was increased during OC use, and was found to be responsi-
blee for most of the increase in Fl +2 during OC use in the absence of the anti-
body,, implying that the factor XI-dependent contribution to Fl+2 generation 
remainedd unchanged. 

Thee factor XI-independent increase in Fl+2 was significantly higher on 
desogestrel-containingg OC than on levonorgestrel-containing OC (p=0.03). 
Thiss indicates that the use of OC, and of desogestrel-containing OC in par-
ticular,, results in an increased capacity of the coagulation system to form 
thrombinn independent of factor XI. 

Theree was a striking correlation (r=0.53) between the clot lysis time and 
thee Fl+2 generation both in the presence of antibody during OC use, indicat-
ingg that the factor XI-independent formation of thrombin is associated with 
clott lysis protection. A statistically significant, though less striking correlation 
(r=0.34)) was found in the absence of the antibody. 
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FigureFigure 1 Effect of oral contraceptives on fibrinolytic parameters 
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Analysiss of parameters on levonorgestrel (lev) or desogestrel (dsg). The data were averaged be-
foree OC (baseline or washout), and in the two months of OC use. The following parameters are 
shown:tPAA activity (A), tPA antigen (B), PAI-1 activity (C), PAI-1 antigen (D), plasminogen (E), 
TAFII  antigen (F), D-dimers (G), and PAP complexes (H). In each graph the mean (median in the 
casee of D-dimers and PAP complexes) is shown as a horizontal line. 



EffectsEffects of low-dose oral contraceptives on the fibrinolytic system 183 3 

FigureFigure 2 
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Clott lysis was studied in plasma in which tPA-mediated fibrinolysis of a thrombin-induced clot is 
measuredd using turbidity. The clot lysis time was determined in the absence (A) or presence (B) 
off an antibody against factor XI. The mean of each series is depicted as a horizontal line. 

FigureFigure 3 Effect of oral contraceptives on Fl+2 formation during clot 
formation n 
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Fl+22 was determined in recalcified plasma that had been treated with thrombin (20 nM) for 60 
min.. The assay was performed in the absence (A) or presence (B) of an antibody against factor 
XI.. The mean of each series is depicted as a horizontal line. 



184 4 ChapterChapter 14 

Discussion n 

Thiss study reports on the effects of OC use on fibrinolytic parameters ob-
servedd in a cycle-controlled cross-over study in which non-OC using women 
weree randomly prescribed either a representative of the so-called second (30 
mgg ethinylestradiol,150 mg levonorgestrel) or third generation OC (30 mg 
ethinylestradiol,, 150 mg desogestrel) and who switched OC after a two month 
washh out period. The effect of OC on the fibrinolytic system was assessed by 
measurementt of tPA antigen and activity, PAI-1 antigen and activity, plas-
minogen,, D-dimers, and PAP. All these fibrinolytic parameters were signifi-
cantlyy influenced by OC use suggesting an increased fibrinolytic activity com-
paredd to the situation without OC. The profibrinolytic shift of some of these 
parameterss has been observed before14, but in this report, for the first time, a 
directt comparison was made between desogestrel and levonorgestrel-
containingg OC. Our findings indicate, however, that the effect of the pill on 
thesee fibrinolytic parameters was independent of the type of OC. 

Inn addition to the determination of individual parameters, a clot lysis assay 
wass performed to monitor the overall changes in fibrinolytic activity. This test 
wass shown before to determine both the activity of the fibrinolytic system and 
thee ability of plasma to generate thrombin that participates in down regulation 
off  fibrinolysis via the activation of TAFI and/or the inactivation of sc-uPA18'9. 
Too determine the contribution of the intrinsic and extrinsic pathways of co-
agulation,, we performed the clot lysis test both in the absence and presence 
off  a blocking anti-factor XI antibody. In the absence of the anti-factor XI anti-
body,, the clot lysis times were the same before and during OC use. This is a 
remarkablee observation, because the changes in individual fibrinolytic pa-
rameterss indicated a strongly increased fibrinolytic activity. This therefore sug-
gestss that during OC use a mechanism compensates for the increased fibrino-
lyti cc potential. An increased rate of TAFI activation by thrombin might be such 
aa compensatory mechanism. In previous studies, we found that the rate of 
TAFII  activation was not only dependent on the amount of thrombin generated 
inn plasma, but also on the level of TAFI in plasma15. The use of OC led to a 
small,, but significant increase in TAFI levels. The difference between deso-
gestrel-- en levonorgestrel-containing OC was borderline significant (p=0.05). 
Thee increased level of TAFI may in part explain why the clot lysis times dur-
ingg OC use remained unchanged, despite an increased fibrinolytic activity. 
Anotherr contribution to clot lysis protection could be increased TAFI activa-
tionn as a result of enhanced thrombin generation. In agreement with this, we 
foundd that OC use induced an increased Fl+2 generation during clot forma-
tionn without a difference between the pills. This indicates that indeed more 
thrombinn is generated during and after clot formation and this thrombin may 
bee responsible for the enhanced down regulation of fibrinolysis by activation 
off  TAFI (18) and inactivation of sc-uPA19 during OC use. 

Inn the presence of the anti-factor XI antibody a decrease in lysis time was 
observed,, indicating that the intrinsic pathway via the activation of factor XI 
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contributedd to thrombin generation necessary for down regulation of fibri-
nolysis.. During OC use, the factor XI-independent lysis times increased. In 
agreementt with this we also found an increased generation of Fl+2 during 
clottingg in a factor XI-independent way, whereas the factor XI-dependent 
generationn of Fl+2 remained unchanged. In fact, there was a correlation be-
tweenn the clot lysis times and the Fl+2 generation during clot formation in 
thee presence of the antibody. The increased factor XI-independent Fl+2 gen-
erationn during OC use explains the prolongation of the clot lysis time by in-
creasedd TAFI activation by thrombin. The observation that the clot lysis times 
remainedd the same in the absence of the antibody during OC use despite the 
increasedd Fl+2 generation suggests that additional fibrinolytic activity is gen-
eratedd during OC use. 

Thee factor XI-independent increase in Fl+2 was significantly higher with 
desogestrel-containingg OC compared to levonorgestrel, suggesting that the 
factorr XI-independent thrombin formation in the clot lysis assay was also 
moree increased during desogestrel use than during levonorgestrel use. Indeed, 
wee observed that in the clot lysis assay performed in the presence of the anti-
factorr XI antibody, there was a strong trend for increased lysis times on deso-
gestrel-containingg OC, although it did not reach statistical significance 
(p-0.06). . 

Thee mechanism for increased factor XI-independent thrombin generation 
duringg and after clot formation and the related prolongation of clot lysis in 
plasmaa of pill users is unclear, especially because no activator of the extrinsic 
coagulationn pathway was added to the reaction systems. It is feasible, how-
ever,, that traces of tissue factor and lipoproteins present in plasma may form 
thee basic trigger of coagulation factor activation and that this trigger is subse-
quentlyy amplified by the thrombin that is added to plasma to induce clot for-
mation.. During OC use, changes in the concentration and type of lipopro-
teins200 and in the levels of pro- and anticoagulant proteins may give rise to 
enhancedd thrombin formation. In this respect, it is important to mention that 
inn separate studies we observed that during OC use the levels of several co-
agulationn factors increased21 and that the components and the activity of the 
proteinn C pathway decreased2223, together contributing to a more procoagulant 
phenotype.. The observation that plasma of OC users displays acquired acti-
vatedd protein C (APC) resistance22'23 may be of particular importance, espe-
ciallyy if one considers that in the presence of TAFI and APC, plasma from car-
rierss of hereditary APC resistance (factor V Leiden) exhibits increased antifi-
brinolyticc activity24. 

InIn conclusion, OC use results in an increased fibrinolytic activity both on 
levonorgestrel-- and desogestrel-containing OC. However, at the same time, 
thee coagulation system can generate increased amounts of thrombin that re-
sultt in down regulation of fibrinolysis. Thus, it appears that the increased fi-
brinolyticc activity during OC use is counteracted for by an increased factor XI-
independentt generation of thrombin that is responsible for enhanced down 
regulationn of fibrinolysis. 
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Summary y 

Thee use of oral contraceptives (OC) causes disturbances of the procoagulant, 
anticoagulantt and fibrinolytic pathways of blood coagulation which may con-
tributee to the increased risk of venous thrombosis associated with OC therapy. 
Heree we report the results of a cycle-controlled randomized cross-over study, 
inn which we determined the effects of so-called second and third generation 
OC'ss on a number of anticoagulant parameters. In this study, 28 non-OC us-
ingg women were randomly prescribed either a second generation (150 u.g 
levonorgestrel/300 |Ag ethinylestradiol) or a third generation OC (150 u,g deso-
gestrel/300 u.g ethinylestradiol) and who switched to the other OC after a two 
monthh wash out period. The anticoagulant parameters determined were: an-
tithrombinn (AT), OC2-macroglobulin (0C2-M), a,-antitrypsin, protein C inhibitor 
(PCI),, protein C, total and free protein S and activated protein C sensitivity 
ratioss (APC-sr) measured with two functional APC resistance tests which 
quantifyy the effect of APC on either the activated partial thromboplastin time 
(aPTT)) or on the endogenous thrombin potential (ETP). During the use of 
desogestrel-containingg OC the plasma levels of 0C..-M, arantitrypsin, PCI and 
proteinn C significantly increased, whereas AT and protein S significantly de-
creased.. Similar trends were observed with levonorgestrel-containing OC, al-
thoughh on this kind of OC the changes in AT, PCI and protein S (which was 
evenn slightly increased) did not reach significance. Compared with levonor-
gestrel,, desogestrel-containing OC caused a significant decrease of total 
(p<0.005)) as well as free protein S (pO.0001) and more pronounced APC 
resistancee in both the aPTT (p=0.02) and ETP-based (p<0.0001) APC resis-
tancee tests. These observations indicate that the activity of the anticoagulant 
pathwayss in plasma from users of desogestrel-containing OC is more exten-
sivelyy impaired than in plasma from users of levonorgestrel-containing OC. 
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Introduction n 

Orall  contraceptives (OC) are known to induce changes in the levels of a large 
numberr of plasma proteins involved in the procoagulant, anticoagulant and 
fibrinolyti cc pathways of blood coagulation14. Despite extensive investigations 
itt is presently unknown which of these changes are actually relevant for the 
increasedd risk of venous thromboembolism (VTE) associated with the use of 
OC.. The discussion about the mechanistic basis of OC-associated venous 
thrombosiss became an issue again in 1995 when it was reported that women 
whoo use OC with so-called third generation progestagens (desogestrel or 
gestodene)) have an approximately 2-fold higher risk of VTE than women who 
usee the older second generation OC containing levonorgestrel5"8, findings 
whichh were questioned910 as well as confirmed in later publications". 

Hereditaryy abnormalities in anticoagulant proteins such as deficiencies of 
antithrombinn (AT), protein C and protein S and mutations in factor V {e.g. 
factorr V Leiden) which cause impaired down-regulation by activated protein C 
(APCC resistance), are established risk factors for VTE12. The importance of the 
proteinn C system in maintaining the haemostatic balance is further demon-
stratedd by recent publications in which it was shown that APC resistance in 
thee absence of the factor V Leiden mutation appears to be an independent 
riskk factor for venous thrombosis1*'14. 

Sincee OC have been reported to affect the levels of several anticoagulant 
proteinss as well as the overall functional activity of the protein C pathway, an 
impairedd anticoagulant activity may well explain the thrombotic risk of pill 
userss and the proposed risk difference between second and third generation 
OC.. Due to the limited number of studies in which a direct comparison be-
tweenn second and third generation OC is made, conclusions regarding possi-
blee differential effects of second and third generation OC on the anticoagulant 
pathwayy are usually based on the combination of data for different OC ob-
tainedd in different laboratories with different groups of volunteers3,4. To obtain 
moree insight in possible differences between the effects of second and third 
generationn OC on the anticoagulant pathway, we performed a cycle-
controlledd randomised cross-over study in which we determined the effects of 
aa levonorgestrel- and a desogestrel-containing OC on the plasma levels of 
proteasee inhibitors, proteins of the protein C pathway and on the functional 
activityy of the protein C system. A preliminary report of the effect of OC's on 
thee APCsr determined via the endogenous thrombin potential was published 
elsewhere15. . 
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Experimentall procedures 

StudyStudy design 
Thirty-threee healthy female volunteers between the age of 18 and 40 years, 
whoo had not used OC for at least 12 months prior to start of the study, were 
randomlyy assigned to start with either a levonorgestrel-containing monophasic 
OCC preparation (150 pg levonorgestrel/30 pg ethinylestradiol) or a deso-
gestrel-containingg monophasic OC preparation (150 pg desogestrel/30 pg 
ethinylestradiol).. The OC was used for two consecutive cycles and after a 
washoutt of two menstrual periods the volunteer was switched to the other 
preparationn for two more cycles. Blood samples were obtained between day 
188 and 21 of six cycles, i.e. at baseline before starting OC, during the two cy-
cless of the first OC, in the last menstrual cycle of the washout period, and 
duringg the two cycles of the second OC, 

Alll  volunteers gave written informed consent. The study was approved by 
thee Institutional Review Board of the Academic Medical Center, Amsterdam, 
Thee Netherlands. 

CollectionCollection and handling of plasma samples 
Alll  blood samples (nine parts of blood in one part 0.13 M sodium citrate, pH 
7.8)) were drawn under standardised conditions, i.e. at 9.00 a.m., after a period 
off  15 minutes rest, with abstinence of caffeine, alcohol, or nicotine use in the 
122 hours prior to investigation. Cell-free, citrated plasma was prepared and 
centrallyy stored at -70 °C. Pooled normal plasma was prepared from plasma 
off  healthy volunteers. The samples were analysed after all participants had 
completedd the study protocol. Measurements were performed in duplicate 
andd without knowledge of the OC preparation used. 

LaboratoryLaboratory methods 
Thee chromogenic substrates D-Phe-(pipecolyl)-Arg-pNA (S2238) and L-
pyroGlu-Pro-Arg-pNAA (S2366) were supplied by Chromogenix, Mölndal, Swe-
den.. Phospholipids were from Avanti Polar Lipids, Alabaster, Alabama, USA. 
Smalll  unilamellar phospholipid vesicles, composed of a mixture of 1,2-
dioleoyl-sn-glycero-3-phosphoserinee (DOPS), 1,2-dioleoyl-sn-glycero-3-phos-
phatidylethanolaminee (DOPE) and/or l,2-dioleoyl-sn-glycero-3-phosphatidyl-
cholinee (DOPC) (20/20/60, M/M/M) , were prepared as described before1617. 
Phospholipidd concentrations were determined by phosphate analysis18. 

Quantitationn of plasma protein levels - The plasma levels of the proteins 
determinedd (antigen or activity) were expressed as percentage of that present 
inn normal pooled plasma determined in the same experiment. 

Al ll  commercially available assays were carried out according the manu-
facturer'ss instructions. a2-Macroglubulin and a,-antitrypsin were determined 
viaa their ability to inhibit trypsin added to diluted plasma samples using the 
Coasett a2-macroglubulin/a,-antitrypsin kit from Chromogenix (Mölndal, Swe-
den).. Antithrombin activity was determined with the Coamatic antithrombin 
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kitt (Chromogenix). Antigen levels of protein C inhibitor (PCI) were deter-
minedd by ELISA using a monoclonal antibody against PCI (API-93) as cap-
turingg antibody and rabbit polyclonal anti-mouse serum as secondary anti-
body.. Protein C was determined using the kits from Chromogenix (Coamatic 
proteinn C activity) and from Boehringer/Stago (protein C antigen). Protein S 
(totall  and free antigen) was determined using the protein S antigen kit from 
Reaadss Medical Products Inc, USA. At the time of measurement of protein S, 
somee plasmas were no longer available for analysis. This resulted in incom-
pletee sets (samples from start, first period, washout and second period) and in 
smallerr groups (total protein S antigen: n = 13 starting with levonorgestrel-
andd n = 8 starting with desogestrel-containing OC; free protein S antigen: n = 
13,, starting with levonorgestrel- and n = 10, starting with desogestrel-
containingg OC). 

APCC resistance assays - Normalized APC-sensitivity ratios (nAPCsr) in the 
ETP-basedd assay were determined by comparing the effect of 5 nM human 
APCC (Enzyme Research Laboratories purchased from Kordia Laboratory Sup-
plies,, Leiden, The Netherlands) on thrombin generation initiated in subject 
plasmaa and in normal pooled plasma with 0.4 ng/ml tissue factor (Dade, 
USA),, 15 ^M phospholipid and 16 mM added CaCl2 (final concentrations in 
plasma)) as described previously19. APC was quantitated as described by Sala et 
al.200 and tissue factor was quantitated with an antigen assay (American Diag-
nostics).. The normalized APC sensitivity ratio (nAPCsr) was defined as the 
ratioo of the amounts of oc2-macroglobulin-thrombin complex (a2M-IIa) deter-
minedd in the presence and absence of APC divided by the ratio determined in 
thee normal plasma pool (cf.21): 

nAPCsrr - (a2M-IIa+APC/a2M-IIa_APC)pl_ Mm,/(a2M-IIa+ApC/a2M-IIa.APC)n<wmal ptaM 

Thee aPTT-based APC resistance test (Coatest ® APC™) was performed in un-
dilutedd plasma as described by the supplier (Chromogenix, Mölndal, Sweden). 
Clottingg times were determined on an ACL 300R coagulation analyser (Instru-
mentationn Laboratory, Milan, Italy). The normalized APC sensitivity ratio 
(nAPCsr)) was defined as the ratio of the clotting times (aPTT) determined in 
thee presence and absence of APC normalized by division through the same 
ratioo determined in the normal plasma pool21: 

nAPCsrr = (aPTT+APC/aPTT.APC)^ ^/(aPTT+APC/aPTT.Apc)mKnu| p |_ 

Thee presence of the factor Vtóden mutation was determined by DNA analysis n. 

StatisticalStatistical analysis 
Analysiss was limited to subjects, of whom both baseline samples and at least 
onee sample during each OC exposure were available. Values obtained during 
thee two cycles on a given OC preparation were averaged and the change in 
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parameterr was calculated relative to the value determined immediately prior 
too the start of OC use {i.e. relative to baseline in period 1 or washout in pe-
riodd 2). Graphs of this treatment effect were inspected for interaction. In the 
absencee of interaction (protein C antigen, protein C inhibitor antigen, total 
andd free protein S antigen, antithrombin, a,-antitrypsin and nAPCsr in the 
aPTT-basedd assay) the changes in parameter in the first and second period of 
treatmentt were combined for each oral contraceptive and the statistical sig-
nificancee of the change relative to baseline/washout was assessed with a 
pairedd t-test. The difference between the values of the parameters during the 
usee of levonorgestrel and desogestrel was also assessed using a paired t-test. 

Sincee there was an indication for a modest treatment by period interaction 
forr oc2-macroglobulin, protein C activity and the ETP-based APC-resistance 
assayy the period difference (period 1 minus period 2) as a result of changing 
OCC was calculated for the individuals in each separate group23. The statistical 
significancee of the period difference between the two treatment groups 
(desogestrell  —> levonorgestrel and levonorgestrel —> desogestrel) was assessed 
withh a t-test assuming non-equal variances". 

Associationss between parameters were searched for by calculation of the 
Pearsonn correlation coefficient before and during OC use and for the change 
occurringg as a result of OC use (relative to baseline or washout). 

Results s 

Fivee of the 33 eligible volunteers were excluded from analysis. One because 
bloodd samples were only obtained during use of one OC type, one due to 
mislabellingg of samples and three because they withdrew consent. None of 
thee volunteers developed clinical signs or symptoms of venous thromboem-
bolism.. Thus, plasma samples of 28 subjects were available for analysis, group 
11 starting with levonorgestrel (n=l4) and group 2 starting with desogestrel 
(n=l4). . 

EffectsEffects ofOCon the plasma levels of anticoagulant proteins 
Tablee 1 summarizes the plasma levels of protein C, protein S, antithrombin, 
ct2-macroglobulin,, a,-antitrypsin and protein C inhibitor determined at the start 
off  each OC regime (baseline or washout), during OC treatment and the cal-
culatedd change observed as a result of OC use. One woman was found to 
havee a combined heterozygosity for the factor V Leiden mutation and protein 
CC deficiency (antigen and activity levels 40% of normal). With the exception 
off  this woman, plasma levels of the various anticoagulant proteins at the start 
off  the study were similar for both treatment groups. 

Duringg treatment with levonorgestrel-containing OC, the plasma levels of 
proteinn C (both antigen and activity), ct2-macroglobulin and arantitrypsin sig-
nificantlyy increased, while the changes in antithrombin, protein C inhibitor 
andd total and free protein S did not reach statistical significance. The use of 
desogestrel-containingg OC had a more pronounced effect on the levels of the 
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anticoagulantt proteins and resulted in statistically significant increases of 0C2-
macroglobulin,, a,-antitrypsin, protein C inhibitor and protein C and in signifi-
cantt decreases in antithrombin and total and free protein S. (Table 1). Differ-
encess between the two OC preparations, however, only reached significance 
forr the decrease in both the total and free antigen levels of protein S. 

Thee individual values determined for protein S (total and free antigen) are 
shownn in Figure 1. Both total protein S and free protein S antigen showed a 
smalll  increase (4-5%, p>0.25) with levonorgestrel, whereas with desogestrel-
containingg OC a significant decrease was observed (11-12%, p<0.005). The 
overalll  difference between desogestrel- and levonorgestrel-containing OC was 
estimatedd to be approximately 16% for both total protein S (p<0.005) and free 
proteinn S (pO.0001, Table 1). The individual with the factor V Leiden muta-
tion,, who was also deficient in protein C had relatively high protein S levels 
(Figuree 1, open circles), but the changes in protein S during OC use were 
similarr as for the other volunteers. 

TableTable 1 Effect of OC on anticoagulant plasma parameters 

-- - - o o H 
aa Ü S J= j= TE ü 

ff ^ £ | g £ i I S Ï x s i g a I * a 811 
cc Ï c = ?? c § S e | ï j & ? c & J M 

i f i ïï Ü Q S Ü £ S Q B 5 S C O S Q = 5 Q Jj * 

IndividualIndividual plasma components (expressed as % of of normal pooled plasma) 

Antithrombinn activity 111  9 110 8 -1.3  8.0*  112 1 109 0 ~3.1 8 0.43 

a2-Macroglobulinn activity 119  32 128  34 8.9  14,9 114  31 128  31 14.1 6 0.09" 

al-Antitrypsinn activity 94  22 125  29 31.8  13.8 92 0 128  27 36.1 0 0.08 

Proteinn C inhibitor antigen 83  18 84  17 0.3 " 82 3 89 8 6.6 0 0.07 

Proteinn C antigen 84  14 93  19 9.1  13-2 85  17 95  1 9.8  12.1 0.83 

Proteinn C activity 89  15 97 8 7.6 3 89 6 100 8 11.0  9.6 0.12h 

Proteinn S total antigen' 99  13 104  16 5.0  20.4"' 99 0 88  13 -11.4 7 0.0012 

Proteinn S free antigen" 94  14 99  15 4.3  17.9*94 2 82 2 -12.1 3 <0.0001 

APC-resistanceAPC-resistance assays 

nAPCsrr (ETP-based) 1.39  0.49 2.17  0.58 0.77  0.33 1.40 5 2.69  0.76 1.29 4 <0.0001* 

nAPCsrr (aPTT-based) 0.83  0.11 0.84  0.12 0.00 *  0.83  0.11 0.80  0.09 -0.04  0.08 0.02 

"**  - not significant (p > 0.05). The change in parameters during OC use was evaluated using a 
pairedd t-test. 

aa p-values for the difference between the OC preparations assessed with a paired t-test 
bb p-values for the OC difference assessed from the period difference between the groups using 

aa t-test (assuming non-equal variances) 
cc n - 21 
dd n - 23 
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FigureFigure 1 Protein S antigen levels at different time intervals in the 
cross-over r 
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(A)) Total protein S antigen. (B) Free protein S antigen. Lev = levonorgestrel-containing OC (150 
Hgg levonorgestrel/30 |xg ethinylestradiol), dsg = desogestrel-containing OC (150 u.g deso-
gestrel/300 p.g ethinylestradiol). The open symbols represents the individual combined het-
erozygouss for FVuklm and protein C deficiency;the line represents the mean. For further details 
seee also Methods. 

FigureFigure 2 nAPCsr values determined in the aPTT- and the ETP-based APC 
resistancee tests at different time intervals in the cross-over 
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(A)) Classical undiluted aPTT-based assay. (B) ETP-based assay. For further details see legend to 
Figuree 1 and methods. 
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APCAPC resistance measurements 
Twoo functional assays were used to evaluate the effect of OC's on the ability 
off  APC to down-regulate in vitro coagulation i.e. the classical aPTT-based APC 
resistancee test, which quantifies the effect of APC on the clotting time of 
plasmaa in which coagulation is initiated via the intrinsic pathway and an assay 
whichh determines the effect of APC on the time integral of thrombin forma-
tionn (the endogenous thrombin potential, ETP) initiated in plasma via the ex-
trinsicc coagulation pathway. It should be noted that due to the calculation 
proceduree APC-sensitivity ratios (APCsr) show opposite trends in the two as-
sayss i.e. compared with normal plasma, APC resistant plasmas wil l give a 
lowerr APC-sr in the aPTT-based assay and higher APC-sr in the ETP-based 
assay17'19'""  (see also Figure 2). 

Figuree 2A shows the results obtained with the aPTT-based APC resistance 
test.. Levonorgestrel-containing OC caused a minimal increase of the nAPCsr 
whereass the use of desogestrel-containing OC resulted in a slight decrease of 
thee nAPCsr (Figure 2A, Table 1). Thus, compared to levonorgestrel, exposure 
too desogestrel-containing OC was associated with an increased resistance to 
APCC in the aPTT-based APC-resistance assay (p = 0.02, Table 1). 

APCsr'ss obtained with the ETP-based APC resistance test were more sensi-
tivee to the use of OC and both OC's showed a large effect in the ETP-based 
assayy (Figure 2B). Also, the difference between the two OC preparations was 
moree pronounced. The use of desogestrel-containing OC caused significantly 
higherr resistance to APC than the use of levonorgestrel-containing OC 
(pO.0001,, Table 1, Figure 2). 

Tablee 2 illustrates that the APCsr obtained with both APC-resistance assays 
showedd a rather weak correlation both before using OC and during levonor-
gestrell  treatment and a somewhat stronger association during the use of 
desogestrel-containingg OC. However, no association was observed between 
thee changes of the APCsr determined with both tests occurring as a result of 
OC-use. . 

APCAPC resistance and protein S levels 
Sincee protein S is a cofactor for APC in the inactivation of factors V(a) and 
VIII(a)) and hence may modulate the response to APC in APC resistance tests, 
thee data obtained with both assays were analyzed with respect to a possible 
associationn with protein S levels. In this analysis the individual who was com-
binedd factor V Leiden positive and protein C deficient was excluded. The 
aPTT-basedd nAPCsr values did not show an association with the protein S 
levelss determined (not shown). Table 3 shows the Pearson correlations ob-
servedd for the ETP-based assay. The nAPCsr obtained with the ETP-based APC 
resistancee test showed association with protein S levels and also the change of 
thee nAPCsr observed during treatment with both OC preparations correlated 
withh the change in protein S levels (Table 3). Free protein S values showed 
somewhatt stronger correlations than total protein S (Table 3). 
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TableTable 2 Correlations between aPTT-based and ETP-based APC resistance 
measurements s 

rr p-value 

0.02 2 

0.01 1 

0.11 1 

0.001 1 

0.25 5 

Pearsonn correlations (excluding the combined factor V,,^ positive and protein C deficient indi-
vidual)) for the association between nAPCsr determined in the aPTT- and in the ETP-based assay 
beforee and during OC use and for the change in nAPCsr occurring as a result of OC-use (relative 
too baseline or washout). 

TableTable 3 Correlation between ETP-based APC resistance measurements 
andd protein S 

Beforee OC use 

Duringg OC use 

Levonorgestrel l 

Changee with levonorgestrel 

Desogestrel l 

Changee with desogestrel 

-0.43 3 

-0.49 9 

-0.31 1 

-0.61 1 

-0.23 3 

Beforee using OC 

Duringg OC use 

Levonorgestrel l 

Changee with levonorgestrel 

Desogestrel l 

Changee with desogestrel 

TotalTotal protein S 

r r 

-0.32 2 

-0.52 2 

-0.53 3 

-0.51 1 

-0.45 5 

P P -- value 

0.16 6 

0.01 1 

0.02 2 

0.02 2 

0.05 5 

Freeprotei Freeprotei 

r r 

-0.54 4 

-0.49 9 

-0.60 0 

-0.66 6 

-0.44 4 

nn S 

pp - value 

0.010 0 

0.021 1 

0.003 3 

0.001 1 

0.04 4 

Pearsonn correlations (excluding the combined factor V ^ , positive and protein C deficient indi-
vidual)) for the association between the nAPCsr determined with the ETP-based APC resistance 
testt and plasma protein S levels before and during OC use and for the change in both parameters 
ass a result of OC treatment (relative to baseline or washout). 

Discussion n 

Inn order to obtain more information on possible differential effects of second 
andd third generation OC on the anticoagulant pathways we have a performed 
aa randomized cross-over study in which we compared the effects of levonor-
gestrel-- and desogestrel-containing OC on anticoagulant parameters known to 
bee associated with an increased risk of venous thromboembolic disease. 
Thesee include protein C, protein S and antithrombin as well as two APC-
resistancee assays, which assess the ability of added APC to down-regulate co-
agulation.. In addition, we determined the plasma levels of protease inhibitors 
thatt may be involved in the regulation of the activity of APC i.e. protein C 
inhibitor,, ot2-macroglobulin and a,-antitrypsin. 

Withh regard to the trends of the changes of the anticoagulant proteins in-
ducedd by OC, the data presented here are in good agreement with earlier re-
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portss (for recent reviews see refs325). Both OC preparations caused some 10% 
increasee in protein C (both antigen and activity) and oc2-macroglobulin and a 
markedd increase (30-35%) in a,-antitrypsin. The latter inhibitors have been 
implicatedd in the control of APC in vitro2** 2*  and in vivo28 and their increase 
may,, therefore, attenuate the effect of the raised protein C level. With levo-
norgestrell  changes in the other proteins were not significant but the use of 
desogestrel-containingg OC resulted in significant changes of the plasma levels 
off  antithrombin, protein C inhibitor and protein S (cf. Table 1). 

AA highly significant difference between the two OC preparations was ob-
servedd with respect to the effect of OC on protein S levels (cf. Table 1, Figure 
1).. In agreement with earlier reports we observed that total protein S29*  as 
welll  as free protein S levels3*32 decreased during the use of desogestrel-
containingg OC. In contrast, treatment with levonorgestrel-containing OC re-
sultedd in a slight, but not significant increase of the protein S level. This find-
ingg differs from an early report in which lower protein S levels were found to 
bee associated with the use of a levonorgestrel-containing OC35, but it is in 
agreementt with a later study in which 11 women were followed during the 
firstt cycle of levonorgestrel-containing OC use36 and in which a decrease in 
totall  protein S was observed during the second week of hormone administra-
tionn but no significant change was observed at the end of the pill  cycle. Thus, 
thee increased protein C levels observed with both OC preparations wil l be 
counteractedd by decreased protein S levels during the use of desogestrel-
containingg OC but not during the use of levonorgestrel-containing OC. 
Hence,, the anticoagulant potential of plasma of desogestrel-users wil l likely 
bee less than that of levonorgestrel users. 

Thiss assumption was corroborated by the overall APC-resistance measure-
ments.. In agreement with others24'37'40 we observed that the nAPCsr as deter-
minedd with the aPTT-based APC resistance test was marginally influenced by 
OCC use (Table 1, Figure 2). APTT-based nAPCsr values were not affected by 
levonorgestrel-containingg OC whereas treatment with desogestrel-containing 
OCC caused a small increase in APC-resistance (p<0.05, Table 1). Compared 
withh second generation OC, the use of third generation OC resulted in a small 
overalll  increased resistance to added APC in the aPTT-based assay (p=0.02). 
Resistancee to APC as determined in the ETP-based assay was strongly in-
creasedd on both OC, with desogestrel-containing OC causing more pro-
nouncedd APC resistance than levonorgestrel-containing OC (pO.001, Table 1, 
cf.. also Figure 2). 

Thee mechanistic basis of the occurrence of acquired APC resistance during 
OCC use and of the different extents by which second and third generation OC 
affectt the anticoagulant action of APC remains to be established. Rotteveel et 
al.411 reported that the time integral of thrombin formation (ETP) in plasma of 
OCC users increased some 20%. Consistent with this, we observed that the ETP 
inn the absence of added APC (as reflected in the measurement of CC2-
macroglobulin-thrombinn complexes, a^- I Ia) increased about 24% with levo-
norgestrell  and 30% with desogestrel-containing OC (data not shown). This 
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increasee is well explained by the increased levels of prothrombin12 (13% and 
16%,, respectively) and a2-macroglobulin and the small decrease in antithrom-
binn (Table 1). Since the ETP AK. (cc2M-IIa.APC) is in the denominator of the APCsr, 
aa sole increase of thrombin generation in the absence of APC during OC use 
wouldd result in a decrease of the APCsr rather than in the observed increase. 
Thus,, the increase of the APCsr during OC therapy observed with the ETP-
basedd APC resistance test must be caused by a profound increase of thrombin 
generationn in the presence of APC. Since the anticoagulant action of APC 
quantifiedd in the aPTT-based assay is hardly affected by OC, this indicates that 
thee use of OC impairs the efficacy by which thrombin formation, initiated via 
thee extrinsic coagulation pathway is down-regulated by the protein C system. 
Althoughh both APC-resistance assays are equally sensitive for the presence of 
thee factor V Leiden mutation24, the correlation between APCsr determined with 
bothh assays is surprisingly weak2" (Table 2 ). On the basis of these observa-
tionss we proposed that both assays are differentially modulated by other 
plasmaa components24. One such a component appears to be protein S. The 
classicall  aPTT-based APC-sr is rather insensitive to variations in protein S43'44. 
Thee results obtained in the present study confirm that protein S levels (both 
totall  and free antigen) do not correlate with the aPTT-based nAPCsr. The ETP-
basedd assay, however, appears to be influenced to some extent by protein S 
levels,, particularly by free protein S (Table 3). It should be noted that the ob-
servedd changes in protein S levels cannot fully account for the increased 
nAPCsrr values during OC use since in the period of treatment with levonor-
gestrel-containingg OC the average protein S levels did not significantly 
change,, while the nAPCsr determined with the ETP-based assay significantly 
increasedd (Table 1). It appears, therefore, that the overall increase in nAPCsr 
observedd in the ETP-based assay during OC use is modulated by changes in 
proteinn S, but that these changes can only partially explain the OC-induced 
increasee of the APCsr. However, the data presented here clearly point to an 
importantt role for protein S in determining the APC-resistant plasma pheno-
typee observed with the ETP-based assay and in the different extents of ac-
quiredd APC resistance occurring during the use of levonorgestrel- and deso-
gestrel-containingg OC preparations. 
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Chapterr 1 constitutes a short introduction about venous thromboembolism, 
hereditaryy thrombophilia, and the relation between use of oral contraceptives 
andd the occurrence of venous thrombosis and pulmonary embolism. The first 
partt of this thesis focusses on clinical studies about the thrombotic risk in in-
dividualss with inherited thrombophilic defects, and the potential conse-
quencess for screening and prophylactic management strategies. 

Chapterr 2 reviews the currently known genetic risk factors, including the un-
derlyingg mechanisms of these hereditary abnormalities, as well as potential 
pitfallss in the laboratory diagnosis. Also, the clinical manifestations and man-
agementt are discussed. 

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. Potential prophylactic and thera-
peuticc strategies in different states of thrombophilia are thoroughly discussed, 
withh respect to efficacy and safety. It is clear that more studies that assess the 
thromboticc risk in thrombophilic individuals and patients, are warranted. 

Chapterr 4 describes the results of a large retrospective family study on the 
absolutee risk for venous thromboembolism in first degree family members of 
unselectedd propositi with the factor V Leiden mutation. The annual incidence 
off  venous thromboembolism in 236 relatives of 112 heterozygous propositi was 
0.45%% (95% confidence interval [CI] 0.28-0.61%) in those with the mutation and 
0.10%% (95% CI 0.02%-0.19%) in those without the mutation (relative risk 4.2 [95% 
CII  1.8%-9.9%D. Among carriers, the incidence increased from 0.25% (95% CI 
0.12%-0.49%)) in the 15- to 30 year-old age-group to 1.1% (95% CI 0.24%-3-33%) 
inn persons older than 60 years of age. The observed low annual risk for venous 
thromboembolismm in persons carrying the factor V Leiden mutation does not 
seemm to outweigh the risks for bleeding associated with prophylaxis with vitamin 
KK antagonists or to justify active discouragement of the use of oral contracepti-
ves.. A general policy of screening the families of all patients with factor V Leiden 
mutationn does not seem indicated. 

Chapterr 5 reports the findings of the prospective follow up of carriers of the 
factorr V Leiden mutation. A total of 793 observation years in 451 asymptomatic 
carrierss (225 men, mean age 43 years [range 15-88], 14 homozygous) were re-
corded.. Four venous thromboembolic events were observed, all in heterozygous 
carriers.. The incidence of spontaneous venous thromboembolism was 0.25% 
(95%CII  0.03-0.91). The incidence per episode of surgery, trauma or immobiliza-
tionn was 3.5% (95%CI 0.1-17.8), per pregnancy 0.0% (95%CI 0.0-46.0), and per 
yearr of oral contraceptive use 1.0% (95%CI 0.0-5.5). The absolute annual inci-
dencee of spontaneous venous thromboembolism in asymptomatic carriers of the 
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factorr V Leiden mutation confirms the findings described in Chapter 4 and does 
nott justify routine family screening of symptomatic patients. 

Chapterr 6 describes a retrospective analysis on the risk for fetal loss in 228 
womenn with and 121 women without the factor V Leiden mutation. Fetal loss 
occurredd in 31-6% of carriers and 22.3% of noncarriers, miscarriage (defined as 
fetall  loss within 20 weeks of gestation) in 29.4% of carriers and 17.4% of non-
carriers,, and stillbirth (defined as fetal loss later than 20 weeks of gestation) 
occurredd in 5.7% of carriers and 5.0% of noncarriers. Fetal loss recurred in 
10.1%% of carriers and 4.1% of noncarriers (odds ratio 2.60, 95% CI 0.96 to7.03). 
Adjustedd odds ratios were 2.12 (95% CI 1.35-3.33) for fetal loss, 2.08 (95% CI 
1.33-3.25)) for miscarriage, and 1.60 (95% CI 0.58-4.43) for stillbirth, when 
pregnanciess in carriers and noncarriers were compared. Homozygous carriers 
hadd a greater risk for fetal loss (odds ratio, 2.01 [95% CI 0.94-4.32]) and still-
birthh (odds ratio, 4.85 [95% CI 0.82-25.58]) than heterozygous carriers. If we 
correctlyy assume that placental thrombosis is the causal mechanism for fetal 
loss,, carriers with recurrent fetal loss could benefit from anticoagulant treat-
ment,, such as heparin. However, properly designed clinical trials are needed 
too assess the supposed benefit and safety of such treatment. 

Chapterr 7 reports a retrospective study of 169 patients with the factor V Lei-
denn mutation and documented venous thromboembolism (probands) and 370 
firstt degree relatives with this mutation to assess the contribution of other 
concomitantt genetic and exogenous risk factors to the occurrence of venous 
thromboembolism.. Of all symptomatic carriers, the prothrombin gene 20210A 
mutationn was found in 7.7%, homozygosity for the factor V Leiden mutation in 
7.7%% and inherited deficiencies of protein C (PC) or S (PS) in 3.2%. After ex-
clusionn of probands, the annual incidence of venous thromboembolism in 
thesee groups was 0.66%, 1.59% and 6.7%, respectively, while it was 0.41% in 
heterozygouss carriers of the factor V Leiden mutation only. Multivariate analy-
siss showed an increased risk of venous thromboembolism in factor V Leiden 
carrierss with the prothrombin mutation (hazard ratio 1.6, 95% CI 0.5-4.4), 
homozygouss factor V Leiden carriers (hazard ratio 4.4, 95% CI 1.8-10.8), as 
welll  as the combination of factor V Leiden with PC or PS deficiency (hazard 
ratioo 25.1, 95% CI 5.5-113.4), or the exposure to exogenous risk factors (haz-
ardd ratio 4.5, 95% CI 0.6-34.8). These data support the assumption that ve-
nouss thromboembolism in factor V Leiden carriers is often due to concomitant 
geneticc or exogenous risk factors. 

Chapterr 8 details a study performed in 352 factor V Leiden carriers on the 
protectivee effect of a point mutation in the gene coding for factor XII I with 
respectt to the risk for venous thromboembolism. The observation period was 
25944 years in 92 carriers of the Val34Leu variant and 7444 years in 260 non-
carriers.. The annual incidence of a first episode of venous thromboembolism 
wass 0.31% in Val34Leu carriers and 0.44% in noncarriers (relative risk for ve-
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nouss thromboembolism 0.7 [95%CI 0.3-1.51). It is concluded that the impact of 
FXIIII  Val34Leu on the venous thromboembolic risk is modest, suggesting that 
screeningg for this mutation in Factor V Leiden carriers is not justified. 

Chapterr 9 documents the findings of an interim analysis of an ongoing retro-
spectivee family study in propositi with the prothrombin 20210A mutation. The 
annuall  incidence of venous thromboembolism in 155 relatives of 42 heterozy-
gouss propositi was 0.40% (95% CI 0.18-0.75%) in those with the mutation and 
0.28%% (95% CI 0.10%-0.60%) in those without the mutation (relative risk, 1.4 [95% 
CII  0.5%-4.0%l). Although these observations indicate a similar absolute risk for 
venouss thromboembolism in carriers of the prothrombin mutation, as for factor 
VV Leiden carriers, the interpretation was limited by the relatively small number of 
observationn years and the low absolute number of exposures to exogenous risk 
factors.. More families need to be included and the findings should be validated 
inn prospective cohort studies. 

Chapterr 10 reports an unique patient with a first episode of idiopathic venous 
thrombosiss at the age of 34 years, who was found to be double-homozygous 
forr both the factor V Leiden mutation and the prothrombin 20210A mutation. 
Thee family study revealed a variety of combinations of heterozygous carrier-
shipp of one or both defects, as well as exposure to exogenous risk factors, 
withh a surprising absence of clinically manifest venous thromboembolism. The 
findingss emphasize the need for further studies to assess the implications of 
thesee common mutations in compound carriers and the identification of (ge-
netic)) factors that apparently counteract the clinical expression. 

Thee second part of this thesis deals with the underlying mechanisms by which 
orall  contraceptives may contribute to an increased risk for venous thrombo-
embolism.. Special attention is paid to the potential differences between levo-
norgestrel-containingg (so-called second generation) and desogestrel-contain-
ingg (so-called third generation) oral contraceptives, because the latter have 
beenn reported to increase the risk for venous thromboembolism approxi-
matelyy two-fold as compared with levonorgestrel-containing products. 

Inn Chapter 11 a potential mechanism is outlined, based on available data in 
thee literature, that may explain the association between the use of oral contra-
ceptivess and the enhanced risk of venous thromboembolism. It is hypothe-
sizedd that the level of estrogen-induced enhancement of fibrinolysis may be 
lesss when estrogens are combined with third generation progestagens such as 
desogestrel,, gestodene or norgestimate, which may result in an imbalance 
betweenn activation of coagulation and fibrinolysis leading toward a prothrom-
boticc state. 
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Chapterr 12 describes the results with respect to acquired resistance to acti-
vatedd protein C (APC) in a randomized, cycle-controlled, cross-over study in 
288 healthy volunteers that was carried out to assess the effects of use of a le-
vonorgestrel-- and a desogestrel-containing oral contraceptive (OC) on coagu-
lation,, fibrinolysis, and anticoagulant pathways. Acquired resistance to APC 
wass measured with an assay which determines the effect of APC on the en-
dogenouss thrombin potential (nAPCsr). The nAPCsr increased during treat-
mentt with both OC preparations, indicating acquired APC resistance,. Com-
paredd with levonorgestrel, desogestrel-containing OC caused a highly signifi-
cantt additional increase of the nAPCsr (pO.0001, absolute additional increase 
0.51,, 95% CI 0.37-0.66). nAPCsr values during OC therapy correlated with the 
valuess before OC use. Since acquired APC resistance has been shown to be a 
riskk factor for venous thromboembolism it is tempting to speculate that the 
abnormalityy may in part explain the risk of venous thromboembolism associ-
atedd with use of oral contraceptives. 

Chapterr 13 describes the results of the cross-over study on the OC induced 
changess with respect to coagulation factors and markers of thrombin forma-
tion.. The plasma concentrations of factors II, VII , X, and fibrinogen signifi-
cantlyy increased during use of both the levonorgestrel- and desogestrel-
containingg OC's. During exposure to the desogestrel-containing OC, as com-
paredd with the levonorgestrel-containing OC, both factor VII and factor II 
showedd a greater increase (FVII: 32% and 12% respectively; p<0.0001; FII: 
16%% and 12% respectively; p=0.048), whereas factor V showed a greater de-
creasee (-11% and -3% respectively; p=0.010). Of the thrombin formation 
markers,, only prothrombin fragment 1+2 showed a significant increase during 
OCC use. For these markers, no difference was detected between the tested 
OC's.. It is concluded that there are differences between the effects of levo-
norgestrel-- and desogestrel-containing OC's on some coagulation factors, but 
whetherr these changes provide a biological explanation for the reported dif-
ferencess in venous thromboembolic risk is as yet unclear. 

Chapterr 14 details the effects of the tested oral contraceptives on the fibrino-
lyticc system. During the use of OC, the levels of tissue plasminogen activator 
(tPA)) activity, plasminogen, plasmin-a2-antiplasmin complexes and D-dimer 
significantlyy increased (by 30-80%), while the levels of plasminogen activator 
inhibitor-11 (PAI-1) antigen, PAI-1 activity and tPA antigen significantly de-
creasedd (by 25-50%), suggesting an increase in fibrinolytic activity. These OC-
inducedd changes were not different between the two contraceptive com-
pounds.. TAFI (thrombin-activatable fibrinolysis inhibitor) levels increased on 
levonorgestrel,, and even further increased on desogestrel. A clot lysis assay 
thatt probes both fibrinolytic activity and the efficacy of the coagulation system 
too generate thrombin necessary to down regulate fibrinolysis via TAFI showed 
noo change of the clot lysis time during OC use. This finding suggests that the 
OC-inducedd increase in fibrinolytic activity is counteracted by an increased 
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capacityy of the coagulation system to down regulate fibrinolysis via TAFI. 
Fl+22 generation during clot formation was significantly increased during OC 
use.. In the presence of an antibody against factor XI, the clot lysis time was 
significantlyy increased during OC use and the increase in Fl+2 generation 
duringg OC therapy was significantly higher on desogestrel than on levonor-
gestrel.. These data indicate that the OC-induced inhibition of fibrinolysis takes 
placee in a factor XI-independent way and is more pronounced on desogestrel 
thann on levonorgestrel-containing OC. 

Chapterr 15 focusses on the OC induced changes in the anticoagulant path-
ways.. During the use of desogestrel-containing OC the plasma levels of CC2-
macroglobulinn (a2-M), arantitrypsin, protein C inhibitor (PCI) and protein C 
significantlyy increased, whereas antithrombin (AT) and protein S significantly 
decreased.. Similar trends were observed with levonorgestrel-containing OC, 
althoughh on this OC the changes in AT, PCI and protein S (which was even 
slightlyy increased) did not reach significance. Compared with levonorgestrel, 
desogestrel-containingg OC caused a significant decrease of total (p<0.005) as 
welll  as free protein S (p<0.0001) and more pronounced APC resistance in 
bothh the aPTT (p=0.02) and ETP-based (p<0.0001) APC resistance tests. These 
observationss indicate that the activity of the anticoagulant pathways in plasma 
fromm users of desogestrel-containing OC is more extensively impaired than in 
plasmaa from users of levonorgestrel-containing OC. 
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Hoofdstukk 1 bestaat uit een korte introductie over veneuze tromboembolie, 
erfelijkee trombofilie, en de relatie tussen het gebruik van orale anticonceptiva 
enn het optreden van veneuze trombose en longembolieen. Het eerste deel 
vann dit proefschrift richt de aandacht op klinische studies over het risico op 
trombosee bij mensen met een erfelijk trombofilie defect, en de mogelijke con-
sequentiess met betrekking tot opsporing en profylactisch beleid. 

Hoofdstukk 2 geeft een overzicht van de op dit moment bekende genetische 
risicofactoren,, inclusief de onderliggende mechanismen van deze erfelijke 
afwijkingenn en de mogelijke valkuilen in de laboratorium diagnostiek. Tevens 
wordenn de klinische manifestaties en het beleid besproken. 

Hoofdstukk 3 gaat diep in op het beleid bij de trombofiele patient, met speci-
fiekee nadruk op de dilemma's zoals die zich voordoen in de klinische prak-
tijk .. Dit geldt niet alleen voor genetische risicofactoren, maar ook voor ver-
worvenn trombofiele condities, zoals de aanwezigheid van kanker en het anti-
fosfolipidenn syndroom. De effectiviteit en veiligheid van mogelijke profylac-
tischee en therapeutische strategieën in de verschillende vormen van trombo-
fili ee worden uitvoerig besproken. Het is duidelijk dat meer onderzoek naar 
hett absolute risico op veneuze trombose en longembolieen bij trombofilie 
noodzakelijkk is. 

Hoofdstukk 4 beschrijft de resultaten van een grote retrospectieve familie 
studiee naar het absolute risico van veneuze tromboembolie bij eerstegraads 
familieledenn van ongeselecteerde propositi met de factor V Leiden mutatie. 
Dee jaarlijkse incidentie van veneuze tromboembolie bij 236 familieleden van 
1122 heterozygote propositi bedroeg 0.45% (95% betrouwbaarheidsinterval [BI] 
0.28-0.61%)) bij dragers van de mutatie en 0.10% (95% BI 0.02%-0.19%) bij hen 
zonderr de mutatie (relatieve risico 4.2 [95% BI 1.8%-9.9%1). Bij dragers liep de 
incidentiee op van 0.25% (95% BI 0.12%-0.49%) in de groep 15- tot 30-jarigen tot 
1.1%% (95% BI 0.24%-3.33%) bij personen ouder dan 60 jaar. Het gevonden lage 
jaarlijksee risico op veneuze tromboembolie bij dragers van de factor V Leiden 
mutatiee is kleiner dan het risico op het optreden van bloedingen geassocieerd 
mett het gebruik van vitamine K antagonisten. Ook lijk t het actief ontraden van 
oralee anticonceptiva bij alle draagsters niet gerechtvaardigd. Een beleid om de 
familiess van alle patiënten met de factor V Leiden mutatie te screenen lijk t der-
halvee niet geindiceerd. 

Hoofdstukk 5 toont de bevindingen van het prospectieve vervolgonderzoek 
vann dragers van de factor V Leiden mutatie. Het totaal aantal observatiejaren 
bedroegg 793 bij 451 asymptomatische dragers (225 mannen, gemiddelde leeftijd 
433 years [spreiding 15-88], 14 homozygoten). Er traden 4 veneuze tromboem-
bolischee complicaties op, alle in heterozygote dragers. De incidentie van spon-
tanee veneuze tromboembolie bedroeg 0.25% (95%BI 0.03-0.91). De incidentie 
perr episode van chirurgie, trauma of immobilisatie bedroeg 35% (95%BI 
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0.1-17.8),, per zwangerschap 0.0% (95%BI 0.0-46.0), en per jaar gebruik van een 
oraall  anticeptivum 1.0% (95%BI 0.0-5.5). De gevonden absolute jaarlijkse inci-
dentjee van spontane veneuze tromboembolie in asymptomatische dragers van de 
factorr V Leiden mutatie bevestigt de resultaten die zijn beschreven in Hoofdstuk 
44 en rechtvaardigt het routinematig screenen van de families van symptoma-
tischee patiënten niet. 

Hoofdstukk 6 bestaat uit een retrospectieve analyse van het risico op zwanger-
schapsverliess bij 228 vrouwen met en 121 vrouwen zonder de factor V Leiden 
mutatie.. Zwangerschapsverlies trad op bij 31.6% van de draagsters en 22.3% 
vann de niet-draagsters; miskramen (gedefinieerd als zwangerschapsverlies 
optredendd bij een amenorroeduur van minder dan 20 weken) in 29.4% van de 
draagsterss en 17.4% van de niet-draagsters, en intra-uteriene vruchtdood 
(gedefinieerdd als zwangerschapsverlies na een amenorroeduur van 20 weken) 
tradd op bij 5.7% van de draagsters en 5.0% van de niet-draagsters. Zwanger-
schapsverliess recidiveerde bij 10.1% van de draagsters en bij 4.1% van de niet-
draagsterss (odds ratio 2.60, 95% BI 0.96-7.03). Bij vergelijking van de zwang-
erschappenn van draagsters en niet-draagsters bedroegen de gecorrigeerde 
oddss ratio's 2.12 (95% BI 1.35-3-33) voor zwangerschapsverlies, 2.08 (95% BI 
1.33-3-25)) voor miskramen, en 1.60 (95% BI 0.58-4.43) voor intra-uteriene 
vruchtdood.. Homozygote draagsters hadden een hoger risico op zwanger-
schapsverliess (odds ratio, 2.01 195% BI 0.94-4.32]) en intra-uteriene vrucht-
doodd (odds ratio, 4.85 195% BI 0.82-25.58]) dan heterozygote draagsters. Als 
dee aanname dat placentaire trombose de oorzaak is van het zwanger-
schapsverliess waar is, dan zouden draagsters met recidiverend zwanger-
schapsverliess baat kunnen hebben bij behandeling met anticoagulantia. Om 
dee effectiviteit en veiligheid hiervan te onderzoeken, is een gecontroleerde en 
placebo-gecontroleerdee studie noodzakelijk. 

Hoofdstukk 7 beschrijft een retrospectieve studie naar de bijdrage van andere 
tegelijkertijdd aanwezige genetische en exogene risicofactoren aan het risico op 
veneuzee tromboembolie bij 169 patiënten met de factor V Leiden mutatie 
(propositi)) en 370 eerstegraads familieleden met deze mutatie. De protrom-
binee 20210A mutatie werd gevonden bij 7.7% van alle symptomatische factor 
VV Leiden dragers, nog eens 7.7% bleken homozygoot drager te zijn van de 
factorr V Leiden mutatie, en proteine C- (PC) of S- (PS) deficiënties werden 
gevondenn bij 3.2% van de symptomatische dragers. De jaarlijkse incidentie 
vann veneuze tromboembolie in deze groepen bedroeg respectievelijk 0.66%, 
1.59%% en 6.7%, tegen 0.41% bij heterozygote dragers van uitsluitend de factor 
VV Leiden mutatie (propositi werden voor deze analyse geexcludeerd). Multi-
variaatt analyse toonde een verhoogd risico op veneuze tromboembolie bij 
factorr V Leiden dragers met de protrombine mutatie (hazard ratio 1.6, 95% BI 
0.5-4.4),, bij homozygote factor V Leiden dragers (hazard ratio 4.4, 95% BI 
1.8-10.8),, bij de combinatie van factor V Leiden met PC of PS deficiëntie 
(hazardd ratio 25.1, 95% BI 5.5-113-4), en tijdens de blootstelling aan exogene 
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risicoo factoren (hazard ratio 4.5, 95% BI 0.6-34.8). Deze bevindingen steunen 
dee hypothese dat het optreden van veneuze tromboembolie in factor V Leiden 
dragerss vaak het gevolg is van tegelijkertijd aanwezige andere erfelijke of 
exogenee risicofactoren. 

Hoofdstukk 8 toont de resultaten van een studie die werd verricht bij 352 factor 
VV Leiden dragers over het beschermende effect op het risico op veneuze 
tromboemboliee van een puntmutatie in het gen dat codeert voor factor XIII . 
Dee observatieduur bedroeg 2594 jaar in 92 dragers van de Val34Leu variant en 
74444 jaar in 260 niet-dragers. De jaarlijkse incidentie van een eerste episode 
vann veneuze tromboembolie bedroeg 0.31% bij Val34Leu dragers en 0.44% bij 
niet-dragerss (relatieve risico voor veneuze tromboembolie 0.7 [95%BI 0.3-
1.51).. Concluderend is de beschermende invloed van FXIII Val34Leu op het 
risicoo op veneuze tromboembolie bescheiden, en rechtvaardigt deze het 
screenenn op deze mutatie bij factor V Leiden dragers niet. 

Hoofdstukk 9 beschrijft de bevindingen van een interim analyse van een nog 
voortdurendee retrospectieve familiestudie bij propositi met de protrombine 
20210AA mutatie. De jaarlijkse incidentie van veneuze tromboembolie bij 155 
familieledenn van 42 heterozygote propositi bedroeg 0.40% (95% BI 0.18-0.75%) 
bijj  dragers van de mutatie en 0.28% (95% BI 0.10%-0.60%) bij hen zonder de 
mutatiee (relatieve risico, 1.4 [95% BI 0.5%-40%]). Hoewel deze observaties er op 
wijzenn dat het absolute risico voor veneuze tromboembolie bij dragers van de 
protrombinee mutatie ongeveer gelijk is aan dat bij factor V Leiden dragers, wordt 
dee interpretatie gehinderd door het relatief kleine aantal observatiejaren en het 
lagee aantal blootstellingen aan exogene risicofactoren. Er zullen derhalve meer 
familiess worden geincludeerd en de resultaten zullen worden gevalideerd in een 
prospectieff  cohortonderzoek. 

Hoofdstukk 10 beschrijft een unieke patient die op zijn 34stc jaar een eerste 
spontanee veneuze trombose doormaakte, en bij wie dubbel-homozygoot 
dragerschapp van zowel de factor V Leiden mutatie als de protrombine 20210A 
mutatiee werd vastgesteld. Onderzoek van de familie van deze patient toonde 
eenn diversiteit aan combinaties van heterozygoot dragerschap van één of 
beidee defecten, alsook blootstelling aan exogene risico factoren, met een ver-
rassendee afwezigheid van klinisch manifeste veneuze tromboembolie. Deze 
familiee illustreert nog eens de noodzaak van verder onderzoek naar de impli-
catiess van dubbel dragerschap van deze prevalente mutaties en het identifi-
cerenn van (genetische) factoren die de klinische expressie tegengaan. 

Hett tweede deel van dit proefschrift richt zich op de onderliggende mecha-
nismenn waarmee orale anticonceptiva het risico op veneuze tromboembolie 
verhogen.. Speciale aandacht wordt besteed aan de mogelijke verschillen tus-
senn levonorgestrel-bevattende (zogenaamde tweede generatie) en desogestrel-
bevattendee (zogenaamde derde generatie) orale anticonceptiva, omdat de 
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laatstee het risico op veneuze tromboembolie ongeveer tweevoudig zouden 
verhogenn in vergelijking met levonorgestrel-bevattende preparaten. 

Inn Hoofdstuk 11 wordt, op basis van gegevens uit de bestaande literatuur, een 
mechanismee gepostuleerd dat de associatie tussen het gebruik van orale anti-
conceptivaa en het verhoogde risico op veneuze tromboembolie zou kunnen 
verklaren.. De hypothese wordt gegenereerd dat de mate waarin de fibrinolyse 
toeneemtt onder invloed van oestrogenen minder sterk is wanneer deze wor-
denn gecombineerd met derde generatie progestagen zoals desogestrel, gesto-
deenn of norgestimaat, zodat er een dysbalans optreedt tussen stollingsactivatie 
enn fibrinolyse en er uiteindelijk een protrombotische situatie ontstaat. 

Hoofdstukk 12 beschrijft de resultaten met betrekking tot verworven resistentie 
tegenn geactivateerd proteine C (APC) van een gerandomizeerde, cyclus-
gecontroleerde,, cross-over studie in 28 gezonde vrijwilligsters. Deze studie 
werdd uitgevoerd om de effecten van gebruik van een levonorgestrel- en een 
desogestrel-bevattendd oraal anticeptivum (OC) op stolling, fibrinolyse, en het 
anticoagulantee systeem te bestuderen. Verworven APC resistentie werd ge-
metenn met een laboratoriumbepaling die het effect van APC op de endogene 
trombinee potentiaal (nAPCsr) meet. De nAPCsr nam toe tijdens gebruik van 
beidee OC preparaten, duidend op verworven APC resistentie. In vergelijking 
mett levonorgestrel veroorzaakte het desogestrel-bevattende OC een sterk sig-
nificantee additionele stijging van de nAPCsr (pO.0001, absolute additionele 
toenamee 0.51, 95% BI 0.37-0.66). De nAPCsr waardes tijdens OC gebruik cor-
releerdenn met de waardes voor OC gebruik. Aangezien verworven APC resis-
tentiee een risicofactor is voor veneuze tromboembolie is het verleidelijk om te 
speculerenn dat deze afwijking tenminste deels het toegenomen risico op ve-
neuzee tromboembolie door OC gebruik verklaart. 

Hoofdstukk 13 toont de resultaten van de cross-over studie op de door OC 
gebruikk geinduceerde veranderingen in stollingsfactoren en merkers van 
trombinevorming.. De plasma concentraties van de stollingsfactoren II, VII , X, 
enn fibrinogeen stegen significant tijdens gebruik van zowel de levonorgestrel-
alss de desogestrel-bevattende OC's. Tijdens blootstelling aan het desogestrel-
bevattendee OC namen factor VII en factor II sterker toe (FVII: respectievelijk 
32%% en 12%; p<0.0001; FII: 16% en 12%; p=0.048), terwijl factor V sterker 
daaldee (-11% en -3%; p=0.010), in vergelijking met blootstelling aan het levo-
norgestrel-bevattendee OC. Van de merkers van trombinevorming toonde 
uitsluitendd protrombine fragment 1+2 een significante stijging tijdens OC ge-
bruik.. Er werd geen verschil gevonden tussen de onderzochte OC's in het 
effectt op deze merkers. Concluderend is er sprake van verschillen in de ef-
fectenn van levonorgestrel- en desogestrel-bevattende OC's op sommige 
stollingsfactoren,, maar of deze verschillen een biologische verklaring geven 
voorr het gerapporteerde verschil in tromboembolisch risico is op dit moment 
onduidelijk. . 
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Hoofdstukk 14 beschrijft de effecten van de onderzochte orale anticonceptiva 
(OC)) op het fibrinolytische systeem. Tijdens gebruik van OC namen de 
spiegelss van weefselplasminogeen activator (tPA) activiteit, plasminogeen, 
plasmine-a2-antiplasminee complexen en D-dimeren significant toe (met 30-
80%),, terwijl de spiegels van plasminogeen activator inhibitor-1 (PAI-1) 
antigeen,, PAI-1 activiteit en tPA antigeen significant afnamen (met 25-50%), 
hetgeenn wijst op een toename van de fibrinolytische activiteit. Deze 
veranderingenn waren tijdens gebruik van beide onderzochte OC's ongeveer 
gelijk.. TAFI (thrombin-activatable fibrinolysis inhibitor) spiegels stegen tijdens 
gebruikk van levonorgestrel, en stegen nog sterker tijdens gebruik van 
desogestrel.. Het effect van OC werd tevens geëvalueerd met een "clot lysis 
assay".. Dit is een bepaling waarbij de lysistijd van een stolsel wordt gemeten 
enn die een maat is voor zowel de fibrinolytische activiteit als de generatie van 
trombine,, die nodig is om de fibrinolyse te remmen via TAFI. De clot lysis tijd 
veranderdee niet tijdens gebruik van OC. Deze observatie suggereert dat de 
doorr OC gebruik geinduceerde toename van fibrinolytische activiteit wordt 
tegengegaann door een toegenomen capaciteit van het stollingssysteem om de 
fibrinolysee te downreguleren via TAFI. Fl+2 generatie tijdens stolsel vorming 
wass significant toegenomen tijdens OC gebruik. In aanwezigheid van een 
antilichaamm tegen factor XI nam de clot lysis tijd significant toe tijdens gebruik 
vann OC en de toename van Fl+2 vorming tijdens OC gebruik was significant 
hogerr tijdens gebruik van desogestrel in vergelijking met levonorgestrel. Deze 
gegevenss wijzen erop dat de door OC gebruik geinduceerde remming van de 
fibrinolysee onafhankelijk van factor XI plaatsvindt en dat deze remming meer 
uitgesprokenn is tijdens het gebruik van desogestrel- dan tijdens blootstelling 
aann levonorgestrel- bevattende OC's. 

Hoofdstukk 15 beschrijft de effecten van gebruik van OCs op het anticoagu-
lantee systeem. Tijdens het gebruik van het desogestrel-bevattende OC namen 
dee plasma spiegels van cc2-macroglobuline (cc2-M), arantitrypsine, proteine C 
inhibitorr (PBI) en proteine C significant toe, terwijl antitrombine (AT) en pro-
teinee S significant daalden. Vergelijkbare trends werden gezien tijdens gebruik 
vann het levonorgestrel-bevattende OC, hoewel de veranderingen van AT, PBI 
enn protein S (dat zelfs licht verhoogd was) niet statistisch significant waren. 
Vergelekenn met levonorgestrel veroorzaakte het desogestrel-bevattende OC 
eenn significante daling van zowel totaal (p<0.005) als vrij proteine S 
(p<0.0001)) en een meer uitgesproken APC resistentie in zowel de aPTT 
(p=0.02)) als de ETP-gebaseerde (pO.0001) APC resistentie bepalingen. Deze 
bevindingenn wijzen op een sterkere belemmering van de activiteit van het 
anticoagulantee systeem bij gebruik van een desogestrel-bevattende OC in ver-
gelijkingg met gebruik van een levonorgestrel-bevattende OC. 
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Wetendd dat dit deel van het proefschrift door de meesten als eerste (en vaak 
alss enige) wordt gelezen, is het spitsroeden lopen. Om het midden te houden 
tussenn een eenvoudige opsomming van namen, al dan niet in alfabetische 
volgorde,, en een pagina's tellend, gedetailleerd dankwoord waarin niemand 
(maarr toch altijd iemand) wordt overgeslagen, heb ik ervoor gekozen om 
slechtss een beperkt aantal mensen met name te noemen. 

Harryy Büller, hooggeleerde heer, ik vind het fantastisch dat ik je Eerste Echte 
promovenduss mag zijn. Ik heb natuurlijk de vruchten kunnen plukken van 
hett feit dat je al vaak geoefend hebt in de afgelopen jaren. Je enorme werk-
lust,, enthousiasme, diplomatie, en grote verstand, hebben er toe geleid dat ik, 
diee niet wilde promoveren, dit dankwoord nu schrijf. De laagdrempeligheid, 
prettigee verhouding tussen "leuk" en hard werken, je altijd opbouwende en 
positievee kritiek, en het vertrouwen dat je altijd had in alles wat we deden, 
makenn mij zeer gelukkig met het feit dat ik de komende jaren met je mag 
blijvenn werken. 

Riannee Koopman, co-promotor. Bedankt voor je hulp en betrokkenheid bij de 
opzett en uitvoering van de meeste in dit proefschrift beschreven studies. Van 
dee rust waarmee jij je klinische en wetenschappelijke taken weet te combi-
neren,, kan ik nog wel wat leren. 

Martinn Prins, co-promotor, dank voor je methodologische en statistische 
inbreng.. Hoewel ik het aanvankelijk niet geloofde was het inderdaad leuker 
omm m'n eigen data te analyseren! Je was altijd beschikbaar voor het (meestal 
mett spoed) berekenen van confidentie-intervallen, odd's ratio's, Kaplan-Meier 
curvess en andere dingen die voor jouw meeste internist-collega's echt te 
moeilijkk zijn. 

Dee hoog- dan wel zeergeleerde heren Briet, Ten Cate, Rosing, Van der Meer, 
enn Vandenbroucke, dank ik voor het zitting willen nemen in de promotie-
commissie.. Hopelijk zullen we op een prettige wijze met elkaar van gedach-
tenn wisselen. 

Dee afdeling inwendige geneeskunde, in het bijzonder mijn opleiders, Prof. Dr. 
J.. Vreeken, Prof. Dr. L. Arisz en Prof. Dr. E. Briët, maar niet in de laatste 
plaatss ook collega-assistenten en chefs, ben ik dank verschuldigd voor de 
gelegenheidd die geboden is om tijdens en naast mijn opleiding tot internist dit 
wetenschappelijkee werk te doen. Zonder "wetenschapsdag" op de poli (die 
nuu om mij duistere redenen voor het dicteren van brieven etc. schijnt te zijn 
ingepland)) was ik nooit aan dit onderzoek begonnen en had ik waarschijnlijk 
nooitt het wetenschappelijke vuur gekregen! Dick Munnik bedankt voor alle 
"regelarij""  en de computertrucs, die ook bij het maken van de buitenkant van 
ditt boekje weer eens onontbeerlijk bleken te zijn. 
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Zonderr samenwerking met andere onderzoekscentra was dit proefschrift er 
niett geweest. De "ICARVS-vrienden" (Jan van der Meer, Johan Meinardi, Inge 
Paas,, Marja Voskuilen, en Cilia Henkens uit Groningen; Karly Hamulyak en 
Lizzyy van Pampus uit Maastricht) dank ik voor de uiterst prettige samenwer-
king.. Het is een buitengewoon genoegen om de komende jaren te kunnen 
blijvenblijven samenwerken aan de wondere wereld van de erfelijke trombofilie! Ik 
belooff  dat ik de zaken de komende 4 jaar (nog?!?) beter zal organiseren. 

II  would like to thank Rendrik Franco, who is working with Pieter Reitsma, 
forr his analysis on the interaction between factor V Leiden and factor XII I 
Val34Leu.. I very much appreciated working with you on the paper, and I am 
gratefull  for the electronic highway that took care of sending the revisions 
betweenn Amsterdam and Brazil and back within minutes. 

Dee pilstudie, zo prettig eenvoudig van opzet, vergde toch een zeer arbeidsin-
tensievee uitwerking. Als dokter in het land van biochemici, ook nog eens 
uiterstt bekwaam in het maken van Excelplotjes (Guido), heb ik me vaak dom 
gevoeld.... De expertise en bevlogenheid van de onderzoekers uit Maastricht 
(Guidoo Tans en Jan Rosing), Utrecht (Joost Meijers en Bonno Bouma), en Am-
sterdamm (Bram van den Ende), zorgden ervoor dat er nu een paar prachtige 
stukkenn staan. Dat strijd leidt tot saamhorigheid wordt fraai geïllustreerd door 
dee perikelen rondom deze studie. Adam van Enk dank ik voor het vele werk 
datt gepaard ging met het verzamelen van de vrijwilligsters en hun plasma. 

Hett Vaatcentrum, als zenuwcentrum van lopend onderzoek op de afdeling 
Vasculairee Geneeskunde, wordt inmiddels door vele geweldige "trial nurses" 
bevrouwdd en bemand. Ik dank julli e allen voor het prikken van de familiele-
den,, de methionine belastingtesten, het afdraaien, etiketteren, en invriezen 
vann alle monsters etc. Daarnaast natuurlijk voor de vele kopjes koffie en thee! 
Ookk de secretaresses en laboranten van het Vaatcentrum dank voor het op-
vangenn van patiënten en familieleden, het maken van ponsplaatjes, en de 
prettigee sfeer. 

Dee analisten van de Hemostase laboratoria op BI en Gl dank ik voor het 
uitvoerenn van de vele bepalingen. 

Dee hulp van studenten is meer dan welkom geweest bij het vervolgen van 
dee patiënten en familieleden van de prospectieve cohort studie. Veel dank 
daarvoor!!  Ik twijfel niet aan julli e rooskleurige toekomst, al dan niet binnen 
dee interne geneeskunde. 

Specialee dank is natuurlijk op zijn plaats voor de patiënten, familieleden, en 
vrijwilligsterss die deelnamen aan de in dit boekje beschreven studies. Zonder 
u/julliee was er van dit proefschrift letterlijk niets terechtgekomen. 

Dee stollingsartsen zijn van grote waarde geweest voor het niet-falende vang-
nett voor patiënten met de factor V Leiden en/of de protrombine mutatie 
(ICARVSS 1, ICARVS2, ICARVS...). Maar vooral toch dank voor het goede 
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groepsgevoell  tijdens de talrijke congressen! Katinka Keijzers verdient een spe-
cialee vermelding als "centraal afdelingspunt", waar ik altijd terecht kon voor 
eenn praatje, iets te snoepen, faxen, allerhande bonnen en niet te vergeten om 
Timm even te parkeren. Marianna Veendorp is nog niet zo lang bij onze afde-
lingg maar heeft zich binnen de kortste keren, onder andere door haar gewel-
digee cappuccino, onmisbaar gemaakt. 

Marcell  Levi, al lang wist ik dat, als het er ooit van kwam, ik jou zou vragen 
paranimff  te worden. Immers, het belangrijkste advies over mijn wetenschap-
pelijkee "snuffelstage" kwam van jou: ga daar onderzoek doen, waar het leuk 
iss ("en, oké, een béétje productief). Ik vind het een eer dat je, naast alles wat 
jee al wél eerder hebt gedaan, voor het eerst paranimf bent bij mijn promotie. 

Anneliess Verbon, hoe lang zitten we al weer samen op die cubicle op F4 
waarr we op een dag nog eens uitbarsten? Het mopperen op de geweldig soe-
pell  gesmeerde organisatie die AMC heet ("wie komt er niet onder de indruk 
van.."),, koffie, computerstress en de ongelooflijke puinhoop op onze bureau's 
("omdatt we zoveel tegelijk doen") zijn een dagelijks terugkerend ritueel waar-
aann ik gehecht ben geraakt. Geweldig dat je mijn paranimf wilt zijn! 

Datt ik het genoegen zou mogen smaken zeergeleerd (genoemd te mogen) te 
worden,, had ik 30 jaar geleden niet gedacht. Mijn ouders, denk ik, misschien 
wel.. Mijn moeder wees mij er in mijn prille jeugd al op dat, naast verpleeg-
kundige,, dokter worden óók kon ("mama, dus deze zuster is echt een dok-
ter?""  [!]), Mijn vader heeft ons meiden opgevoed 'als kerels': knutselen, zagen, 
boren,, verven, en vooral: wat je wilt, dat kun je, en dat moet je dan ook ge-
woonn doen. Ik dank julli e beiden voor het grote vertrouwen dat julli e altijd 
gehadd hebben in mijn loopbaan. 

Enn tot slot. Hoe leuk en spannend en essentieel werken ook is, het cliché is 
waar:: zonder liefde ben je nergens. Remco, je bent geweldig. Je hebt me altijd 
enormm gesteund en gestimuleerd in de soms krankzinnige combinatie van 
opleidingg en onderzoek. Sterker nog: toen na het jaartje wetenschapsdag het 
woordd proefschrift steeds vaker uit Harry's mond begon te rollen, en ik daar 
hartkloppingenn en flushes van kreeg ("help, wil ik dit wel??"), was jij degene 
diee zei dat ik gek zou zijn als ik het niet zou doen. De vanzelfsprekendheid 
waarmeee jij ruimte geeft aan mijn ambitie, zonder jezelf daarbij weg te cijfe-
ren,, is slechts één van je vele fantastische eigenschappen. En ons heerlijke 
kind,, Tim, kwam precies op het goede moment: dankzij 16 weken zwanger-
schapsverloff  heb ik dit proefschrift in betrekkelijke rust (tenminste, toen Tim 
nogg in mijn buik zat) kunnen afronden. 
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Dee auteur van dit proefschrift werd op 3 september 1966 geboren in Amster-
dam.. Na het doorlopen van de basisschool (Amsterdam, Hoorn) en de mid-
delbaree school (Hoorn, Rotterdam, VWO diploma 1984) ging zij terug naar 
haarr geboortestad om Geneeskunde te studeren aan de Universiteit van Am-
sterdam.. Mede dankzij (of ondanks) een bruisend studentenleven werd het 
doctoraaldiplomaa in 1988 behaald. De studietijd werd gelardeerd met buiten-
landsee stages in de Verenigde Staten (1987, wetenschappelijke stage klinische 
geneticaa in Duarte, California, Dr. D. Comings), Kenia (1989, co-schap Interne 
Geneeskundee in het Universiteitsziekenhuis van Nairobi en meevliegen met 
dee Flying Doctors van AMREF), en Curacao (1991, oudste co-schap Interne 
Geneeskundee in het St. Elisabeth Hospitaal, Willemstad). Na een "adempauze" 
vann ongeveer 1 jaar volgden de co-assistentschappen en het artsdiploma in 
1992.. Hierna werd zij arts-assistent Interne Geneeskunde in het Academisch 
Medischh Centrum, en startte zij de opleiding op 1 oktober 1993 (opleiders: 
Prof.. Dr. J. Vreeken, Prof. Dr. L. Arisz, en Prof. Dr. E. Briët). Sinds eind 1994 
verrichttee zij op de afdeling Vasculaire Geneeskunde (Prof. Dr. H.R. Büller) 
hett wetenschappelijke werk waarvan dit proefschrift het directe resultaat is. 
Sindss 1 oktober 1999 is de auteur geregistreerd als internist en werkzaam op 
dee afdelingen Vasculaire Geneeskunde en Interne Geneeskunde van het Aca-
demischh Medisch Centrum. Saskia is getrouwd met Remco Rietveld en moeder 
vann Tim. 
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