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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. . 

Definitionn of thrombophilia - 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 

555 j . _ 56-58 

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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Laboratoryy diagnosis of familial thrombophilia 

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 

79-81 1 

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 thrombotic 
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 with 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 carriers 

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 carriers 

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 thrombophilia 

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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