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chapter r 

Generall  Introduction and Outline of this Thesis 

Ivann Bank and Saskia Middeldorp 





Generall  Introduction 
Venouss thromboembolism (VTE) is a common disease with an incidence of 2 to 

44 per 1000 inhabitants per year in Western societies. 

Thiss entity comprises a wide spectrum of clinical manifestations varying from 

thrombosiss in the deep veins of the leg to fatal pulmonary embolism. VTE may 

leadd to recurrences and to sometimes very disabling states such as the post-

thromboticc syndrome and pulmonary hypertension. 

Caree for patients with acute disease or complications caused by VT E or its 

treatmentt has improved remarkably during the past decades. For example, 

objectivee diagnostic methods for VTE have been established and become more 

accurate,, institution of different forms of anticoagulant treatment has become 

moree defined and nowadays treatment at home is leasable in the great majority 

off  patients. On the other hand, die relationship between various transient and 

thrombophilicc risk factors and the development of VTE is not well understood, 

thee long-term management of patients has not been established, and it is not yet 

possiblee to tailor treatment based on individual characteristics. 

Sincee die three main pathophysiologic concepts in the aetiology of VT E (e.g. 

stasiss of blood, changes in the vessel wall and hypercoagulability of blood) were 

postulatedd by Rudolph Virchow (1821-1902), a well known pathologist, 

anthropologist,, social reformer, politician and archaeologist, attention concerning 

aetiologyy of VT E was initially focussed on transient risk factors. These transient 

riskrisk factors include surgery, trauma, pregnancy and immobilisation, as well as the 

usee of oral contraceptives and hormone replacement therapy. I,ater on, there 

wass increasing interest in the familial causes of thrombosis causing hyper-

coagulability,, and the term 'thrombophilia' was initially introduced for families 

withh inherited antithrombin deficiency. This term is now used for all acquired 

andd inherited disorders associated widi an increased tendency to VTE. 

Sincee the sixties of the last century, an increasing number of thrombophilic factors 

hass been discovered (Table 1). Like arterial thrombotic disease, VEE is a disease 

inn which genetic and acquired risk factors interact dynamically with transient risk 

factors. . 

Inheritedd thrombophilic defects are common in patients with VTE, and these 

defectss are increasingly tested for in both patients and asymptomatic individuals, 

usuallyy from affected families. In die setting of other conditions such as premature 

atherosclerosiss and pregnancy-related complications, patients are widely screened 

too.. However, whether the presence of these risk factors has any consequences 

forr the management of symptomatic and asymptomatic individuals is not 



established,, because of" the lack of knowledge tiiat makes it possible to balance 

thee risks and benefits of screening. For estimating such a balance, the risk of 

recurrentt VT E and anticoagulant prophylaxis or other types ol preventive 

strategies,, as well as the preference of the individual counseled, should be known. 

Wit hh respect to the treatment of VTE, major progress has been made since 

Mauricee Dovon (1863-1°^U) was able to extract 'antithrombin' from dog livers, 

thee first anticoagulant, in 1911. At present, unfractionated or low-molecular weight 

heparin,, followed by a course of vitamin K antagonists, constitute the cornerstone 

off  treatment of patients with acute YTE. 

Mortalityy caused by VTE has decreased since the introduction of anticoagulants, 

andd the development of low-molecular weight heparins has revolutionised the 

standardd of care. Presently, most patients can be treated outside the hospital, but 

onlyy if several essential requirements for home treatment are available. Despite 

thiss progress, anticoagulants do increase the risk of (major) bleeding, while other 

complicationss like osteoporosis, heparin induced thrombocytopenia and skin 

complicationss may occur. Furthermore, patients using vitamin K antagonists need 

too be frequently monitored for optimal dosing. Finally, whether quality of life in 

patientss treated for VTE has really improved or how decisions on treatment can 

122 be tailored by taking patients characteristics into account, still need to be evaluated. 

Thiss thesis focuses on the aetiology and treatment ol" VTE. Part one describes 

severall  aetiological aspects of VTE, whereas part two focusses on present and 

futuree treatment of VTE. In part three psychological and social issues associated 

withh thrombophilia and treatment of VTE are discussed. 

Tabicc 1 Discovery over lime of well-known acquired and inherited tlirombopbilic factors. 

18().'55 Trousseau recognises the association between cancer and \ T E' 

[965[965 First family identified with hereditaiy tendency to thrombosis (antithrombin deficiency) 2 

19788 Heparin induced thrombocytopenia (HIT) was postulated to be associated with \ T E ' 

19811 first study on protein C deficiency and \ T E ' 

19833 First suggestion of the existence of a syndrome with lupus anticoagulant ' 

19811 Protein S deficiency was found to be a risk factor for \ T E '' 

19911 First report on a possible association between mild hyperhomocysteinemia and \ T E ' 

19933 Dahlback et aJ. studied die role of activated protein C and its association with VTE,H 

19944 First study on the association between Factor V loeiden mutation and \ T E !' 

199:55 Koster et af. found that elevated levels of F\1II:c were associated with \ T E '" 

199(>> Prothrombin 20210 A mutation was reveald as a risk factor for YTE '' 

20000 Elevated YXl and FIX were associated widi increased risk for \ T E 'a-13 



Outlinee of this Thesis 
Thee first part of this diesis concerns risks in individuals with inherited or acquired 

thrombophilicc disorders for (recurrent) VTE and the post-thrombotic syndrome. 

Inn Chapter 2 the underlying mechanisms, diagnosis, clinical manifestations and 

managementt of hereditary7 and acquired thrombophilic factors are reviewed. 

Chapterr 3 and 4 describe the results of two retrospective family studies on the 

absolutee risk for venous and arterial thrombosis in first degree relatives of patients 

withh the prothrombin 20210A mutation or elevated levels of factor VIII . 

Inn Chapter 5 co-segregation of thrombophilic factors such as elevated levels of 

TAFII  and factor XI in factor V loeiden mutation carriers is explored. 

Inn Chapter 6 the role of thrombophilia in the occurrence of residual thrombosis 

afterr treatment is investigated. Chapter 7 addresses die question whether location 

off  dee]) venous thrombosis of die lower limbs predicts the occurrence of the 

post-thromboticc syndrome. 

Inn Chapter 8 die role of oral contraceptives in die multifactorial aetiology' of both 

venouss and arterial diseases is reviewed. 

Thee second part addresses the treatment of VTE. In Chapter 9, the daily practice 

off  home treatment of deep venous thrombosis is discussed. Chapter 10 reports 

thee results of a trial on die efficacy and safety of a novel anticoagulant in comparison 

too vitamin K antagonists in the secondary' prevention of deep venous tiirombosis. 

Inn Chapter 11 a complication in pregnant women using low-molecular weight 

heparinss is reported. 

Thee third part of this diesis deals with psychosocial aspects of thrombophilia, 

VT EE and its complications. In Chapter 12 and 13 two qualitative studies that 

exploredd social aspects of screening for the factor V Leiden mutation are 

presented.. Finally, in Chapter 14 utilities of patients with acute VTE, the post-

thromboticc syndrome or a history of bleeding due to anticoagulants are assessed 

ass well as their treatment preferences. 
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Abstract t 
Duringg the past decade knowledge about the aetiology of' venous thrombo-

embolismm ( \TE) lias increased tremendously. Inherited and acquired risk factors 

forr YTK are common in patients, as well as in the general population. Whether 

thee presence of most of these risk factors has consequences for the management 

off  symptomatic and asymptomatic individuals is not fully clear at present. 

Therefore,, while searching for new ihrombophilic defects, it is crucial to determine 

thee absolute risk for (recurrent) YTK as well as other clinical manifestations in 

carriers.. However, tentative guidelines for managing patients and their families 

aree given in this review. 



Introduction n 
Venouss thromboembolism ( \TE) is a common disease with an incidence of 2 to 

44 per 1000 inhabitants per year in Western societies '. This entity comprises a 

widee spectrum of clinical manifestations varying from a small thrombus in the 

dee])) leg veins to fatal pulmonary embolism. 

Thee pathologist Rudolf Virchow (1821-1902) postulated a trias of pathofysiological 

factors,, that can induce thrombosis: stasis of blood, alterations in blood 

composition,, and changes in the vessel wall2. Now, more than a century later, it 

hass become clear that VTE is indeed a multifactorial disorder. 

Althoughh it had been known that all patients with VTE have an increased risk for 

recurrentt episodes and that the tendency toward this disease occurs in some 

familiess more often than in others, it is in the past decade that much progress has 

beenn made in understanding hereditary risk factors for thrombosis. At present, 

so-calledd hereditary thrombophilia can be found in approximately 70% of patients 

whoo have experienced an episode of VTE (Table 1). For some abnormalities it 

iss yet uncertain whether they are truly hereditary. 

Acquiredd conditions can also lead to an increased tendency toward thrombosis. 

T hee well known (mostly) reversible risk factors for VT E arc surgery, 

immobilisation,, trauma and, for females, also pregnancy and use of oral 

contraceptives.. In addition, more permanent risk factors are for instance the 

presencee of cancer, the antiphospholipid antibody syndrome and heparin induced 

thrombocytopenia. . 

Heree we will review the established hereditary, possibly hereditary and acquired 

permanentt thrombophilic disorders, focusing on the mechanisms, epidemiology, 

clinicall  aspects, and implications for medical practice. 

Mechanismss of Thrombophili c Risk Factors 

Deficienciess of proteins involved in the natural anticoagulant pathways were the 

firstt identified hereditary thrombophilic detects. 

Inn antithrombin deficiency, the antithrombin-heparin sulphate pathway is 

impaired.. Antithrombin inactivates thrombin, factor Xa, factor IXa, and factor 

Tablee 1 Established thrombophilic delects. 

Hereditary y 
Antithrombinn deficiency 
Proteinn S deficiency 
Proteinn C deficiency 
FF V:y ,'*1 mutation 
Prothrombinn 20210A mutation 

Possiblyy hereditary 
1'Jcvalcdd factor Mi l 
Klevaledd factor XI 
(MikDlrspcrhomocysteincniia a 

Acquired d 
Antiphospholipidd antibodies 
Heparinn induced thrombocytopenia 
Malignancy y 



Xl l aa by forming an irreversible complex with these activated clotting factors. In 

casee ol decreased levels of antithrombin, these enzymes are not inhibited 

sufficiently,, thereby leading to an increased tendency toward \ T E \ 

Inn the anticoagulant protein C pathway, activated protein C selectively inactivates 

iactorss Va and Vi l l a and by this way regulates the formation of thrombin. Free 

proteinn S acts as a cotactor in this process l. Therefore, deficiency of protein S or 

proteinn C increases the risk of thrombosis. There are two subtypes of these natural 

anticoagulantt deficiencies. In the type I deficiencies, levels of both antigen and 

activityy are decreased. In the type II deficiencies, there are normal antigen levels, 

butt because of functional defects in the proteins their activities are significantly 

impaired. . 

Activatedd protein C (APC) resistance is another impairment in the anticoagulant 

proteinn C pathway '. This phenomenon is most often caused by a point mutation 

att the cleavage site of FVa (F V:Q'00 mutation or FV loeiden mutation) resulting in 

resistancee of factor Va for inacavation by APC( '7. APC-resistance, both hereditary 

andd acquired (i.e. without the mutation), is an independent risk factor for VTF,8! '. 

Increasedd levels ol some coagulation factors have also been identified as 

throinbophilicc factors. The prothrombin (20210 A/G) mutation is associated 

withh an increased risk of thrombosis and elevated levels of factor II '", whereas 

thiss is, also in the absence of the mutation, an independent risk factor " . The 

inheritancee pattern of both the natural anticoagulant deficiencies and the above 

mentionedd mutations is autosomal dominant. 

Clottingg factor VIII , which is known to increase during acute phase reactions, is 

probablyy in part determined genetically V2, and has been found to be an important 

throinbophilicc factor l8-''. Finally, increased levels of factor XI , another component 

off  the intrinsic pathway of coagulation, were recently found to be associated with 

ann increased thrombotic risk ''. It is still unknown whether elevations in factor 

X II  are hereditary. 

Inn contrast to honiocystinuria, a rare congenital syndrome usually due to 

homozygouss cystathionine l>synthase deficiency, (mild) hyperhomocysteinacmia 

occurss in all ages and is a risk factor for both arterial and venous thrombotic disease 
1M!'.. Hyperhomotysteinemia is often found in families, although a direct link to 

knownn mutations or genetic defects has not been established so far. An important 

factorr leading to acquired hyperhomocyteinemia is folic acid deficiency, but 

pyridoxinee and \itamin HI 2 are also important in the metabolism of methionine. 

Deficienciess of the latter can lead to accumulation of homocysteine. At present, 

howw hypcrhomoeysteinemia induces VTE is not well understood. 

file:///itamin


Antiphospholipidd antibodies were first detected in patients with systemic lupus 

erythematosuss and were found to he related to a thrombotic tendency -11"1. The 

]>recisee pathogenic mechanisms leading to a prothrombotic state are complex 

andd not well elucidated, but the presence of lupus anticoagulant (a clotting test 

phenomenon),, or autoantibodies directed against phospholipids or phospholipid 

bindingg proteins, have been associated with an increased risk ol' venous and 

arteriall  thromboembolism. In patients without systemic lupus erythematosus, 

lupuss anticoagulant and antiphospholipid antibodies are also found and, when 

persistent,, they are associated with thrombophilia aa"2'. 

Heparinn induced thrombocytopenia is caused by antibodies (IgM, IgG) directed 

againstt a complex formed by platelet factor 4 and heparin. This can occur 4 to 

144 days after a patient has been given heparin for the first time, but sooner in 

patientss previously exposed to this substance. This clinical feature is associated 

withh arterial, venous, and microvascular thrombosis -''. 

Finally,, it is well known that the presence of cancer leads to an increased risk of 

VTKK and that a diagnosis of cancer is made more often in patients who present 

withh idiopathic VTK . A plausible mechanism is that malignant cells invade vessel 

walls,, inducing damage to the endothelium. It has also been postulated that 

expressionn of tissue factor and factor X on the surface of cancer cells lead to 

enhancedd thrombin generation -'. 

Epidemiologyy and Thrombot ic Risk 

Approximatelyy 70% of consecutive patients presenting with a first episode ol 

VTKK have a detectable hereditary thrombophilic disorder. These defects are 

alsoo found, in a lower frequency, in the normal population. 

Thee prevalences ol" deficiencies of antithrombin and protein C in the normal 

populationn are about 0.3% and ()..)%, respectively 2H~''. For protein S deficiency, 

noo reliable estimates are available. More prevalent inherited risk factors for VTK 

aree the factor V heiden mutation and the prothrombin (20210 A/G) mutation. 

Thee overall prevalences of these mutations have been estimated to be around 

%% and 1-2%) in Western societies, respectively, but they are much lower in 

nativee Americans, Africans and Asians m;il. hevels of clotting factor VII I above 

11 .)()%> are present in approximately 10-10% of the Dutch population 1U1. Plasma 

concentrationss of clotting factor XI above the 00th percentile are, by definition, 

foundd in 10% of the normal population. Mil d hyperhomocysteinaemia is usually 

definedd as homocysteine levels above the 9.5th percentile of normals. 

Inn consecutive patients with VTK, one of the classical anticoagulant deficiencies 



cann be found in approximately 8% ;w. The prevalence of the factor V Ixiden 

mutationn in unselected patients with VTE is approximately 20% ™:M, whereas the 

prothrombinn mutation is found in 5-6% "'. Elevated levels of factor M i l (>LJ()%) 

andd a high factor XI (>90th percentile) arc present in no less than 20-30% and 

19%% of patients, respectively m ' . Mil d hyperhomocysteinemia (>9,>th percentile) 

iss detected in about 10-2.)%) of patients IH'''. In selected patients, i.e. those referred 

too tertian- centers because of a strong personal or family history of V I E , the 

probabilityy of identifying thrombophilic disorders is even higher. 

Thesee prevalences in the normal population and in patients with VTE indicate 

thatt deficiencies of antithrombiii, protein C, and protein S are stronger risk factors 

forr \ T E than the other thrombophilic defects. The relative risk for any natural 

anticoagulantt deficiency' was found to be 10 in a large family study that compared 

deficientt relatives with those with normal plasma concentrations ! '. For the factor 

VV Leiden mutation, this relative risk was found to be around 3 in similar family 

studiess A,""!(', whereas case-control studies showed odds ratios of 3 to 7 8 :v. Elevated 

factorr VII I levels are associated with a dose-dependent 4- to 10-fold increased 

riskk of VT E for concentrations exceeding 1;)()%»and 200%, respectively i a' ' . The 

oddss ratio for VT E for increased levels of factor XI is approximately 2 and 

somewhatt higher for mild hyperhomocysteinemia ' ' ' '. 

Althoughh relative risks and odds ratios are important in identifying risk factors 

forr YTE, knowledge of the absolute risk for thrombosis, both spontaneously- as 

welll  as during high-risk situations, is crucial for patient management and counseling 

off  families. A large retrospective study of asymptomatic relatives of patients with 

VT EE and a thrombophilic disorder revealed that the incidence of a first episode 

inn individuals with a deficiency of antithrombiii, protein C, or protein S, was 

approximatelyy 1%> per year H', whereas a prospective cohort study showed 

incidencess of 4.0, 1.(>%, and 1.3%, respectively w f fable 2). For the factor V 

Tablee 2 Annual incidence ol first episode ol \ T E in earners of thrombophilic dcfecls (%/year (9.>%CI)L 

Retrospectivee studies 

Antithronibinn deficiency 1.0-2.9 :ll-u'"' 
Proteinn C deficiency 1.0-8.1 'l , , 'u' 
Proteinn S deficiency 1.0-3.0 "" :t~-~'' 
Factorr V leiden mutation O.̂ -O.,) 1,'!"'1" 
Prothrombinn 20210A mutation ()..) " 

Prospectivee studies 

1.0(1.3-8.8)"" " 
1.3(0.1-3.0):m"7 7 

l.(i((U-3..3):w"7 7 

.. 1-1.3) " 



loeidenn mutation, this rate was found to be about 0.5% in retrospective and 

prospectivee studies 3(,;i!U0 and appears to be in the same range in carriers of'the 

prothrombinn mutation l l . The rates are probably somewhat lower in carriers 

derivedd from the general population and higher in carriers selected from families 

withh a strong tendency for VTK. For individuals with hyperhomocysteinemia or 

elevatedd levels of' factor VII I or factor XI , no studies on the absolute risk for 

thrombosiss are available. 

Inn all carriers of thrombophilia, the risk of VTE, increases during high- risk 

situations,, such as immobilisation, trauma, and surgery, and in women during 

pregnancyy and the post-pailum period. Furthermore, it is known that use of oral 

contraceptivess increases the risk for thrombosis in thrombophilic women in a 

multiplicativee fashion. For instance, the baseline risk for women without the 

factorr V Ijeiden mutation who do not use oral contraceptives was found to be 

increasedd 8-fold by the mutation itself, 4-fold by use of oral contraceptives alone, 

butt 30-fold by the combination of factor V loeiden mid oral contraceptive use l2. 

Usee of so-called- third generation preparations (ethinylestradiol combined with 

desogestrell  or gestodene as progestin), is associated with an even greater risk 

withh mi odds ratio of 2 when compared with so-called second generation oral 

contraceptivess (usually containing levonorgestrel as a progestin) 2l ,HI/. Again, for 

counselingg carriers, the absolute risks for VTE are important. Table 3 summarises 

thesee risks during high-risk situations and oral contraceptive use in asymptomatic 

individualss with antithrombin, protein C, or protein S deficiency, or the factor V 

loeidenn mutation. For the other inherited defects, no such data are available at 

present.. For instance, a woman with mi antithrombin, protein S, or protein C 

deficiencyy has a risk of approximately 4% of developing a first episode of VTE 

duringg each year of oral contraceptive use. 

Tablee 3 Risk of venous thromboembol ism in asymptomatic earners of thrombophil ic defects (hiring transient 

highh risk situations. 

Factorr V Ix'iden mutation Antithrombin deficiency, 

proteinn C deficiency and 

proteinn S dehciency 

()peration,trauina.. immobilisation 

Pregnancy y 

Postpartumm period 

1'see of oral contraceptives {%/year) 

Al ll  data arc derived from both prospective and retrospective studies with different types of anticoagulant 

prophylaxiss used. 

8.0-10.0%% : 

0-1.2%% v';w 

3.0-12,0%: : 

0-1.3%% 4;-'w 

2.0-11.0%% ^ 

( M U % ' W I " " 

0-1.7%,, :,'-t"" 1 

0-0.7%% v,-* i't" 



Itt is unclear whether patients with hereditary thrombophilia have an increased 

riskk for recurrent \ T K alter discontinuation of anticoagulant therapy. In patients 

withh the factor V loeiden mutation, several studies that assessed this issue showed 

controversiall  results 1H"'-\ whereas a single study in carriers of the prothrombin 

studiess did not find a higher rate of recurrences in patients with the mutation '\ 

Onlyy limited retrospective data on the absolute risk of recurrent \ T T, in patients 

withh antithrombin, protein C, or protein S deficiency are avaible. In these studies, 

alll  recurrent episodes of \ T E were included in the calculation of the annual 

incidencee of recurrence, making it impossible to assess the incidence of a first 

andd a second recurrence separately. In one study, the annual incidence of recurrent 

YTK,, was 1.8%, with a decrease to 1.1% per year after the diagnosis of inherited 

thrombophiliaa had been made, possibly because more aggressive anticoagulant 

prophylaxiss was used during high-risk situations *'. In a re\icw of available family 

studiess in patients with antithrombin or protein S deficiency, a much higher annual 

incidencee of recurrent VTK of 13 to 17% was found ". In a retrospective family 

cohortt study, an incidence of recurrence of 10% after 1 year, accumulating to 23% 

afterr .5 years of follow-up, was observed, suggesting a decline in the risk of recurrent 

\ T KK alter the first year. In a study of factor V I x:iden carriers, the risk of recurrence 

variedd between 0.4.3% to 4.8% annually, depending on the presence of transient or 

concomitantt thrombophilic risk factors "'''. It is obvious that more properly designed 

studiess tliat address tlii s issue are needed. 

Ass already mentioned, antiphospholipid antibodies can be found in various 

conditions.. In case-control studies in which individuals with antiphospholipid 

antibodiess have been compared to controls, odds ratios for developing \ T E were 

betweenn .> and 10 2,{"-". The risk of recurrent thrombosis (both venous and arterial) 

hass been reported to be between 20 and 30% per year in selected populations '7W. 

Thesee estimates are difficult to extrapolate to a general population of patients with 

VTE,, who are found to have antiphospholipid antibodies. 

Cancerr is known to be one of the most common acquired causes of thrombosis. 

Feww data have been published about the thrombotic risk in patients with a 

malignancy.. Up to 26%> of patients with a malignancy have overt VTK, and some 

postmortemm studies have found an incidence of approximately ,)0% ,!Ml1. 

Thee incidence of heparin induced thrombocytopenia depends on the method 

off  detection, but is reported to be as high as ,)0% ''-. However, only a minority of 

patientss with heparin induced thrombocytopenia antibodies develop the complete 

clinicall  syndrome of thrombocytopenia and arterial or venous thrombosis. 



Clinicall  Manifestations 

Thee most common clinical manifestation of thromhophil ia is dee]) vein 

thrombosiss or pulmonary embolism. Venous thrombosis at unusual sites, such 

ass the cerebral sinus or portal vein is less common. 

Inheritablee thrombophilic defects are also associated with a number of obstetric 

complicationss (Table 4). Antiphospholipid antibodies were first found to be 

associatedd with recurrent fetal loss M. Also, women with antithrombin, protein S, 

orr protein C deficiency or the factor V Leiden mutation have an increased risk 

forr miscarriages and stillbirth f,M". Finally, preeclampsia and fetal growth 

retardationn are found more often in women with these defects (>(,f,/. Although the 

pathofysiologicall  mechanisms are not entirely understood, uteroplacental 

insufficiencyy or fetal thrombosis is a likely explanation. 

Homozygouss protein S and protein C deficiency are associated with neonatal 

purpuraa fulminans m,'\ and adult patients are prone to skin necrosis after initiation 

off  therapy with vitamin K antagonists /(>/l. 

Generally,, hereditary thrombophilia is not associated with an increased tendency 

towardd arterial vascular diseases, although there are a few reports about a possible 

associationn with antithrombin deficiency, the factor V Leiden mutation, and the 

prothrombinn mutation 72"71. Hyperhomocysteinemia was first found to be a risk 

factorr for premature atherosclerotic disease before it appeared to increase the 

n s k o f V T LH i . . 

Tablee 4 Clinical manifestations of thrombophilia. 

\ T EE at a young age 

Recurrentt \ T E 

Thrombosiss at an unusual site (e.g. cerebral sinuses, mesenterial, port;»]) 

Recurrentt letal loss 

Preeclampsia a 

HKUJP-syndrome e 

Vitaminn K induced skin necrosis 

Neonatall  purpura fulniin;uis 

Heparinn resistance 

Arteriall  thrombosis 



Approachh to Asymptomatic Carrier s of Thrombophili c Defects in Medical 
Practice e 

Inn the management of thrombophilia one should always balance the risks and 

benefitss of prophylaxis with anticoagulants, the (recurrent) thrombotic risk, the 

complicationss of the disease and the preferences of the individual counseled. 

Becausee crucial data are often unavailable, all guidelines presented here are 

tentative. . 

Vitaminn K antagonists reduce the incidence of recurrent \ T K with 87 to 96% 

 serious hemorrhages during long-term anticoagulant prophylaxis occur in 2-

3%3% of treated individuals each year and die annual rate of fatal bleeding is 0.2.5% 

""  -/H. Because of the relatively low annual incidence of a first spontaneous VT F in 

individualss with inherited thrombophilia and the high bleeding risk associated 

withh the use of vitamin K antagonists, a general policy of primary prophylaxis for 

thesee carriers is not justified. Standard prophylaxis with low-molecular weight 

heparinn should be used in case of transient high-risk situations such as trauma, 

surgery,, and immobilisation. Besides inducing hemorrhages and heparin induced 

thrombocytopenia,, tlii s treatment reduces the risk of \ T F in these situations with 

70-80%% /f'. Similar reductions have been observed in retrospective cohort studies 

266 in carriers of the protein S, the protein C and the antithrombin deficiency m. 

Prolongingg prophylaxis after hospital discharge may be an option in carriers of 

thee antithrombin, protein S or protein C deficiency. 

Thee risk of \ "1T during pregnancy does not justify prophylaxis with low-molecular 

weightt heparins, but because of the high thrombotic risk in the relativelv short 

postpartumm period (Table 3), prophylaxis may be considered for 1 to 6 weeks 

alterr delivery. Use of oral contraceptives increases the risk of VT F in women 

withh anticoagulant deficiencies to approximately 1% per year of use, while it is 

lowerr in women with the factor V loeiden mutation (0..5 to 2% annually) ;i>^'. 

Therefore,, in asymptomatic women with the deficiencies, alternative birth 

controllingg methods are probably indicated. Whether the same is true for F V 

loeidenn carrying women is a matter of debate. However, levonorgestrel-containing 

orall  contraceptives are preferred because their lower thrombotic risk as compared 

too newer pills containing desogestrcl or gestodene ~. Although to a lesser extent, 

hormonee replacement therapy is also associated with an increased risk for VTFH1. 

Thiss treatment should be limited to women who have a strong medical indication 

forr this therapy. 



Approachh to Symptomatic Carriers of Thrombophi l ic Defects in Medical 

Practice e 

Thee initial therapy of VTE in patients with thrombophilia consists of the standard 

anticoagulantt treatment with (low-molecular weight) heparin for at least 5 days, 

untill  a therapeutic International Normalized Ratio (INR) is achieved with vitamin 

KK antagonists *' iM. The optimal duration of vitamin K antagonists is still uncertain. 

Att low risk for recurrence are die patients who developed an episode of VT E 

secondary'' to a (transient) risk factor. They can be treated for 3-6 months. At 

intermediatee risk for recurrent disease are those with a first spontaneous episode, 

orr those with a combination of thrombophilic disorders. Treatment for 6-12 

monthss appeals appropriate in that case. At highest risk arc patients with persistent 

riskrisk factors such as active cancer or patients who had multiple thrombotic episodes. 

Forr them, indefinite treatment may be justified. Nevertheless, in these patients 

diee indication for continued prophylaxis should be re-evaluated, for example 

yearly,, to weight the pros and cons. 

Patientss who develop skin necrosis after initiation of therapy widi vitamin K 

antagonistss should be fully heparinized before continuing the treatment8 l. 

Thee optimal prophylactic approach in patients witi i thrombophilia and one or 

moree previous episodes of VTE, is uncertain. Certainly, routine prophylaxis is 

indicatedd in case of surgery, trauma, or immobilisation, whereas prolonged 

thromboprophylaxiss can be considered after early hospital discharge. 

Althoughh the risk of recurrent VTE during pregnancy is unknown, low-molecular 

weightt heparin in therapeutic dosages should be stalled as soon as possible. Vitamin 

KK antagonists are teratogenic during the period of embryogenesis, but can be 

consideredd during die post paitum period . Prophylaxis should be continued 

forr 4 to 6 weeks postpartum. If possible, low-molecular weight heparin treatment 

shouldd be discontinued about 12 hours before delivery and restarted soon thereafter. 

Somee clinicians prefer unfractionated heparin in the peripartum period. 

Bothh oral contraceptives and hormone replacement therapy are contraindicated 

inn symptomatic females with thrombophilia. 

Managementt of Individuals with (Mild ) Hyperhomocysteinemia 

AA recent meta-analysis revealed that die actual level of homocysteine has no 

predictivee power for cardiovascular disease and that it is questionable whether 

loweringg homocysteine levels decreases the risk of cardiovascular disease 8/. 

However,, awaiting clinical trials on eflicacy and safety, folic acid with or without 

additionn of pyridoxine is mostly recommended for patients who have experienced 



\\ IK in lli e past m. These individuals should receive routine prophylaxis during 

surgery,, trauma and immohilisation, but there are no general guidelines for 

nianagenientt during pregnane) and the postpartum period. Fstrogen use should 

bee discouraged in these women. Because of the lack of data about potential side 

eflectss ol long-term treatment with vitamines, this approach appears not to be 

justifiedd in asymptomatic persons. 

Managementt of Individuals with Acquired Thrombophi l ic Condit ions 

Symptomaticc patients with the antiphospholipid antibody syndrome should be 

treatedd for at least one year because of the high recurrence rales, but asymptomatic 

patientss do not dilfer in their management from other asymptomatic carriers ol 

thrombophilic-- delects *''. 

Inn patients with cancer, the riskof YTK is determined by many factors including 

typee ol'malignancy, stage of disease, surgery, and concurrent treatment with 

III  heparin induced thrombocytopenia is suspected, all sources of (low-molecular 

weight)) heparin should be stopped. In case of a strong indication for anti-

coagulation,, treatment with danaparoid, a mixture ol various glycoamino-glycans, 

iss a good alternative '-. 

28 8 

Screening g 

Ann important question is whether all patients with YTK should be screened for 

thrombophilia.. Consequently, alter identification of a propositus with an inherited 

abnormalityy the issue is whether his or her family members need to be of] e red 

screening.. The main purpose of screening for risk factors is the potential 

consequencee for the management of individuals with thrombophilia, such as 

prolongingg the duration of anticoagulant therapy after an episode of YTK or 

intensifyingg prophylaxis during transient high-risk situations. Furthermore, use of 

orall  contraceptives or hormone replacement therapy could be avoided if nccessan. 

Inn case ol asymptomatic carriers ol' hereditary thrombophilic defects, it is 

questionablee whether the benefits of identifying the delect outweigh the potential 

sidee effects of screening such as inducing psychological problems and 

stigmatisationn leading to problems with, for instance, obtaining life assurance. 

Forr women, avoiding the use of oral contraceptives would leave otherwise healthy 

womenn without the most ellicacious type of contraception. On the other hand, 

onee could adjust the type of oral contraceptive (lcvonorgestrel-containing instead 

oll  desogestrel/gestodene-contaiiiing pills) UKUK'M if the female family member has 

provedd to be a carrier of the same delect. Therefore, when a propositus is found 



too bc deficient for antithrombin, protein S, or protein C, identifying asymptomatic 

relativess would probably have consequences, such as discouraging estrogen use 

andd active thromboprophylaxis in the postpartum period and during high-risk 

situations.. Whether the same is true for the other inherited thrombophilias, is 

questionablee and a matter of opinion. 

Inn patients with VTE, the optimal duration of vitamin K antagonist treatment, 

regardlesss of the presence of thrombophilia, is still a matter of intense research, 

makingg the question of whether routine screening in all patients is justified hard to 

answerr at present. For practical purposes, testing for inherited thrombophilia is 

recommendedd if there is some index of suspicion " l; for instance, a strong family 

history,, VTE at a young age, thrombosis at unusual sites and recurrences. 

Forr cancer, extensive screening does not appeal to improve the prognosis of 

patientss with a diagnosed malignancy. Only if a thorough history and physical 

examinationn and a chest x-ray suggest the presence of a malignancy, further 

investigationss are justified !)>. 

Conclusions s 
VT EE is a multifactorial disease that is relatively common in the general population. 

Nearlyy 70 percent of all patients with this disease have one of the known inherited 

thrombophilicc defects. The identification of others occurs rapidly, but many 

questionss still have to be answered before patients and asymptomatic carriers can 

bee offered the best possible care. Not until the absolute incidences of (recurrent) 

venouss thrombosis in carriers are known, die risks and benefits of anticoagulant 

prophylaxiss can be balanced against the side effects of screening, such as ineffective 

usee of health care resources, iatrogenic and psychological harm, unwanted 

pregnancies,, and false reassurance when no thrombophilic defect is found. 
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Abstract t 
Thee prothrombin 20210A mutation lias been associated-with an increased risk 

forr venous thromboembolism (YTE). Its relation with arterial disease and 

pregnancy-relatedd complications is still uncertain. The aim of this study was to 

estimatee the incidences of venous and arterial thrombotic events and pregnancy-

relatedd complications in 107 relatives of 123 consecutive patients with the 

prothrombinn 20210A mutation and a history of \ T E or premature atherosclerosis. 

Alterr clinical classification the presence of the mutation was determined. Of all 

relatives,, 204 (.50%) were heterozygous, 5 were homozygous and 198 had a normal 

genotype.. The annual incidence of a first episode of YTE was 0.3;5 % and 0.18 % 

inn carriers and non-carriers, respectively (OR 1.9 (0.9-4.1)); the annual incidence 

off  a first arterial thrombosis was 0.22% and 0.1.5% in carriers and non-carriers 

respectivelyy (OR: 2.3 (0.8-6.3)). The annual incidence of a first myocardial 

infarctionn was 0.14% (0.05-0.23) and 0.0,5% (0.01-0.14) in carriers and non-carriers, 

respectivelyy (OR: 4.7 (1.0-22..5);p=0.06). In particular homozygous carriers were 

att increased risk for YT E (OR: 6.0 (1.3-27.2)), while a positive history of YTE of 

thee proband influenced the risk for \ T E in their relatives. During transient risk 

factorss for YT E or use of oral contraceptives, there was no increased risk for 

carrierss as compared tot non-carriers. Women with the mutation did not 

experiencee significantly more pregnancy-related complications than their relatives 

withh a normal genotype. 

Inn conclusion, the prothrombin mutation is a mild risk factor for YT E within 

familiess of carriers, but does not seem to play an important role in arterial 

thromboticc disease, with exception of myocardial infarction, or in pregnancy-

relatedd complications. 



Introduction n 
Sincee its identification as a risk factor tor venous thromboembolism (VTE) in 

1996,, there is growing interest in the prothrombin 20210A mutation and its role 

inn cardiovascular and pregnancy-related diseases '. However, there are some 

unresolvedd issues. 

Earlyy reports described the relationship between the prothrombin 2021OA 

mutationn and (recurrent) venous and arterial thrombosis %'. More recent case-

controll  studies suggested that this mutation is only a weak risk factor, inducing 

mainlyy VTE in combination with other (transient or inherited) risk factors *"' \ Its 

relationshipp with arterial thrombosis was also questioned m ' . 

Thrombophil icc factors might influence perfusion of the placenta, inducing 

spontaneouss abortion or intra-uterine growth retardation, or predispose to 

preeclampsiaa 1M. Whether the prothrombin mutation has such an effect remains 

howeverr a matter of debate 1!'21. A recently performed meta-analysis of case-

controll  studies indicated that women carrying the prothrombin 20210A mutation 

havee an approximately two-fold increase in risk of recurrent fetal loss, as compared 

too non-carriers n. 

Becausee of these conflicting data and the lack of knowledge about absolute risks 

withinn families of patients with the prothrombin 20210A mutation, we performed 

aa large retrospective family cohort study. In order to assess the thrombotic and 

pregnancy-relatedd risks in families, we studied first degree relatives of consecutive 

patientss with the prothrombin 20210A mutation and proven VTE or premature 

atherosclerosis. . 

Methods s 
Studyy Design 

Fromm May 1998 to March 2003 first degree relatives of consecutive patients 

(probands)) with documented VTE or premature atherosclerosis (any arterial 

thromboticc event before the age of .50 years) and the prothrombin 20210A 

mutationn were enrolled in the study. We obtained a detailed medical history 

withh special emphasis on previous episodes of venous and arterial thrombosis 

andd pregnancy-related complications, transient risk factors for VTE including 

surgcrv,, immobilisation, pregnant}  and use of oral contraceptives, and known 

riskk factors for arterial disease such as smoking, diabetes mellitus, hypertension 

andd hyperlipidemia. 

Thee carrier status of relatives was determined after the medical history had been 



documentedd and indiriduals were classified as Ixnng sunptomatic or asunptomatic 

lorr venous or arterial tlirombosis if they had experienced events as defined below, 

andd the same was done for pregnancy-related complications in women. Relatives 

whoo did not earn- the prothrombin 20210A mutation were used as controls. 

Probandss were not included in the analysis. 

Thee study was approved by the local ethic committees and participants provided 

writtenn informed consent. 

Definitions s 

VT EE was considered to have occurred if it had been confirmed by venography, 

ultrasonographyy or impedance plethysmography in case of deep venous thrombosis 

( D \ T ) ,, and ventilation-perfusion lung scanning, angiography or computerised 

tomographyy in case of pulmonary embolism (PE). If an episode of \ T E had not 

beenn diagnosed by means of objective methods at a time when these were not 

routinelyy used, it was only classified as an event if it had been treated with vitamin 

KK antagonists or low-molecular weight heparin for at least 6 weeks. 

Coronaryy and per ipheral arterial disease had to be symptomatic and 

angiographicallyy proven, while myocardial infarction had to be diagnosed 

accordingg to clinical, enzymatic and electrocardiographic criteria. Ischemic stroke 

wass defined as the onset of rapidly developing symptoms and signs of loss ol' 

cerebrall  function that lasted at least 24 hours and had no apparent nonvascular 

cause.. Furthermore, it had to be confirmed by means of computed tomography 

orr magnetic resonance imaging. If a cerebral event resolved completely within 

22 i hours without signs of cerebral lesions on scanning, it was classified as a transient 

ischemicc attack (TIA) . 

Episodess of increased risk for VT E included recent surgerv, t rauma, 

immobilisationn for more than 7 days, pregnancy, postpartum period, malignancy' 

andd use of oral contraception or hormone replacement therapy. VTE was 

consideredd to be related to such an episode when it had occurred within 3 months. 

AA relation with the use of oral contraception or hormone replacement therapy 

wass defined as an event occurring during exposure. Known risk factors for arterial 

thrombosiss were also recorded and included: past and current smoking habits, 

thee presence of diabetes mellitns, hyperlipidemia and / or hypertension. 

Ann abortion was defined as fetal loss alter the 8th week of gestation, but before 

thee 20th week of gestation 2\ HELEP syndrome (hemolysis, elevated liver enzymes 

andd low platelet count syndrome) and pregnancy related hypertension were 

definedd as used in clinical practice -V2\ When appropriate, patient's charts were 



reviewed,, or treating physicians or general practitioners were contacted. Al l events 

weree classified prior to knowledge of the genotype. 

Mutationn Analysis 

DNAA analysis was performed hy PCR amplification of genomic DNA extracted 

fromm peripheral leukocytes using standard methods, followed by digestion with 

thee restriction enzyme Hind II I to identify the variant allele at position 20210 of 

diee prothrombin gene '. 

Statisticall  Analysis 

Annuall  incidences of first episodes of VT E and arterial thrombotic events in the 

carrierr and non-carrier groups were calculated by dividing the number of events 

byy observed years. These incidences were also assessed for the age groups 15 to 

30,, 31 to 4), 46 to 60 and above 60 years. Observation years were defined as 

yearss since the age of 15 until the date of inclusion or until the f late of the first 

thromboticc event. However, if a relative had experienced both arterial and venous 

events,, separate observation years were used for analysis: all years until the first 

venouss event were taken for VTE, while all years until the first arterial thrombotic 

eventt were calculated for arterial thrombotic disease. 

Oddss ratios (OR) were used to estimate die relative risk. Multivariate analysis 

wass used for determination of adjusted arterial thrombotic risk, conditional logistic 

regressionn was applied to estimate the OR. We adjusted for known risk factors 

forr arterial disease, i.e. smoking, diabetes mell i tus, hypertension and 

hvperlipidemia.. Conditional logistic regression was also used to analyse the role 

off  a family history in the occurrence of VTE and arterial thrombosis. 

Relativess with the mutation were compared to relatives with a normal genotype. 

Thee incidence of spontaneous abortion was calculated by dividing the number 

off  abortions by the total number of pregnancies in carriers and non-carriers, and 

byy the number of women who had been pregnant. Incidences of pregnancy-

relatedd complications (pregnancy-induced hypertension and HEEEP syndrome) 

weree calculated by dividing total number of events by the total number of 

pregnanciess > 20 weeks of gestation. The 9,5% confidence intervals (9ö%CI) 

weree calculated according to normal approximation of the binomial distribution. 

Statisticall  significance was determined by Chi-squarc test and Students' t-test. 
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Results s 
Studyy Population 

Thee pedigrees of 123 probands, all heterozygous carriers of the prothrombin 

20210AA mutation with objectively documented YTE or premature atherosclerosis, 

revealedd 665 first-degree relatives older than \5 years of age. Of these, 124 had 

diedd before this study began. For 25 of them (20%), die possible cause of deatli was 

reportedd to lx.*  of cardiovascular origin. Of all relatives who died 7 ((>%) had possibly 

experiencedd YTE and 18 (1.)%) had possibly experienced an arterial thrombotic 

eventt during lifetime. Another h i t relatives did not participate because of various 

reasonss including reluctance to undergo assessment of genetic disorders, inabilitv 

too give informed consent and residence outside the Netherlands. A total of 407 

first-degreee relatives were included at time of analysis (response rate of living first-

degreee relatives: 75%; overall response rate: 64%). 

Off  the participants, 209 (51%) were found to be carriers of prothrombin 20210A 

mulationn (204 heterozygous, 5 homozygous) and 198 were non-carriers (Table 1). 

Tablee 1 Characteristics of participants. 

Totall  (%) 
Malee (%) 
Meann age 
Range e 

(SD)) (yr) 

Numberr of 
relativess without tlic 
prothrombinn mutation 

1988 (19) 
99 1 (18) 
Mii  17 
1.5-87 7 

NUIIIIK TT of 

heterozygous s 
relatives s 

2011 (.50) 
89(11) ) 
16== 17 
1.)-91 1 

N'IIIIIIK'I '' oi 

homozygous s 
relatives s 

0(1) ) 
11 (20) 

61r22 2 
288 - 8.'> 

Incidencee of Venous Thromboembol ism 

Thirty-twoo relatives had experienced at least one episode of YTE. Of these, 21 

weree carriers and 11 were non-carriers (Fable 2). Hie absolute annual incidence 

off  a first episode of YTE in all carriers was 0.35 % (9.5%CI: 0.21-0..53), compared 

too 0.18% (0.09-0.33) in non-carriers (OR: 1.9 (9o%CT 0.9-4.1)) (Table 2). 

Homozygouss carriers had an annual incidence for YTE of l .10 (0.13-3.97) (OR 

ass compared to non-carriers was 6.0 (1.3-27.2)). 

Carrierss had their first event of YTE at a younger age than non-carriers (mean 

andd standard deviation: 3,5 + 17 vs. 43  14; p=0.001). Twelve carriers developed 

YT EE before the age of 30, as compared to 2 of the non-carriers (annual incidence 

0.44%% (0.23-0.76) and 0.08% (0.01-0.28); OR: 5.7 (1.3-25.5)) (Table 2). 

Amongg the relatives of probands who were included because of YTE, the annual 



Table22 Frequency and annual incidences of a first episode of \ T K in first degree relatives of probands 
withh prothrombin 20210A mutation. 

Agee group Indhiduals Observation Incidence /year (%) Odds Ratio 
withh event years (9.5% CI) (9.5%CI) 

Overall l 
Noo protlirombin mutation 
Presencee of protlirombin 
mutalion n 

Age-specilic c 
J.5-30J.5-30 \rs 

Noo protlirombin mutation 
Presencee of protlirombin 
mutation n 

31-4531-45 MS 

Noo protlirombin mutalion 
Presencee of prothrombin 
mutation n 

l(h()0)TS l(h()0)TS 

Noo protlirombin mutation 
Presencee of protlirombin 
mutalion n 

><)!><)! \TS 

Noo protlirombin mutation 
Presencee of prothrombin 
mutation n 

11 1 
21 1 

2 2 
12 2 

9 9 

5 5 

7 7 
1 1 

--
3 3 

6037 7 
6018 8 

2618 8 
27,50 0 

1916 6 
1830 0 

1017 7 
970 0 

456 6 
198 8 

0.18(0.09 9 
0.355 (0.21 

0.08(0.01 1 
0.11(0.23 3 

0.10(0.01 1 
0.277 (0.09 

0.677 (0.27 
0.10(0-0. . 

0 0 
0.60(0.12--

-- 0.33) 
-- 0.53) 

-- 0.28) 
-- 0.76) 

0.38) ) 
0.61) ) 

1.38) ) 
57) ) 

1.76) ) 

--
1.9(0.9-- 1.1) 

--
.5.77 (1.3-2.5.,'Ï) 

--
2.6(0.5-13./)) ) 

--
0.2(0-1.3) ) 

. . 
--

41 1 

incidencee of a first episode of VTE in carriers was 0.41% (0.24-0.65), compared '5 

too 0.17% (0.07-0.33) in non-carriers (OR: 2.4 (1.1-5.6)). Alter correction for family J 

historyy the odds ratio was 2.4 (1.0-5.8) (p-0.04). ^ 

Inn carriers, 38% oi VTE occurred spontaneously, whereas all events in non- -o 

carrierss were related to transient risk factors (Table 3). The incidences of VT E c 
o o 

associatedd with surgical proceedings, trauma or immobilisation did not differ £ 
betweenn carriers and non-carriers (OR: 0.7 (0.2-2.2)). ^ 

< < 
Thee absolute incidence of VTE among women who used oral contraceptives 2 

rsi i 

andd carried the protlirombin 20210A mutation was 0.2% (0-0.9), while the ° 

incidencee of pregnancy- related VTE was 2.3% (0.8-5.3). These incidences did s 

nott differ significantly from those observed in non-carriers. No women developed j j 

VT EE while using hormone replacement therapy. 2 



Tablee 3 Relation oMirst episodes o i ' \TK with established risk lactors. 

Noo prothrombin mutation Presence of prothrombin 
mutation n 

21 1 
88 (38<V.) 

21.5 5 
J" " 
2.33 (().« - .5.3) 
2.00 (0.1- 10.1) 

30.5 5 
.5 5 
1.(>«)..5-3.K> > 

0.7(0.2-2.2) ) 

tm tm 
I I 
0.2(0-0.9) ) 

>> (0.1 -,5..5) 

## all events occurred during the postpartum period. 'P 8(K. of all events occurred during the postpartum 

])crio<l l 

Incidencess of First Arterial Thrombot ic Events 

tablee I shows the frequencies and incidences of first arterial thrombotic events 

inn carriers and non-carriers. A total of 14 first events occurred in carriers compared 

too 9 events in non-carriers. About 13% of all relatives (carriers and non-carriers) 

whoo developed arterial events, experienced their first arterial thrombotic event 

beforee the age of .">(). Adjusted for major risk factors for cardiovascular disease, 

thee observed difference between both groups did not reach statistical significance 

forr a first arterial thrombotic event (OR: 2.3 (0.8-6.3)); additional correction for 

familyy history did not change this result (OR: 1.9 (0.0-.">.9)). However, the annual 

incidencee of a first myocardial infarction was 0.14% (0.0.)-0.23) and 0.05% (0.01-

0.14)) in carriers and non-carriers, respectively (OR: 4.7 (1.0-22..)); p=().()(>). 

Carrierss vounger than 00 years of age were not at increased risk for a first arterial 

thromboticc event as compared to non-carriers (OR: 1.0 (0.3-3.3)); for carriers 

olderr than 00 the observed odds ratio did not reach statistical .significance (OR: 

2.00 (().()-().;))). The age-specific incidences of a first arterial thrombotic event are 

shownn in Figure 1. 

Numberr 11 
Spontaneouss ('¥.) 0 «>%> 
Pregnaiic\\ -related 
NN episodes 170 

NN \ T E 2 
Incidencee <%, <<)."><*, CD) 1.2 (0.1 - 1.2) 
Oddss ratio <9.5%CD 

Operationn "trauma immobilisation 
NN episodes 202 
NN \ T E 7 
Incidencee K,, (9,5'V, CD) 2. 1 (1.0 - 1.9) 
Oddss ratio (93%CI) 

Orall  contraceptives 
Yearss of use, yr b.i.) 
NN \ IT. 2 
Incidencee per year of use (<T>, 9.5"*') CD) 0.3 (0 - 1.1) 
Oddss ratio <9,5%CI) 



Tablee 4 Frequencies and incidences of first episodes of arterial thrombotic events in first-degree relatives 
off  probands with prothrombin 20210A mutation. 

Individualss Observation Incidence/year (%) OR Adjusted OR 
withh event years (95% CI) (95%CI) (95%CI)" 

Myocardiall  infarction 
Noo prothrombin mutation 3 6171 
Presencee of prothrombin 
mutationn 9 6412 

Ischemicc stroke 
Noo prothrombin mutation 1 6202 
Presencee of prothrombin 
mutationn 1 6481 

TIA A 
Noo prothrombin mutation 3 6190 
Presencee of prothrombin 
mutationn 3 6457 

Peripherall  arterial thrombotic event 
Noo prothrombin mutation 2 6150 
Presencee of prothrombin 
mutationn 1 6452 

Anyy first arterial thrombotic event 
Noo prothrombin mutation 9 6110 
Presencee of prothrombin 
mutationn 14 6352 

0.05(0.01-0.14) ) 

0.11(0.05-0.23)) 2.9(0.8-11.0) 1.7(1.0-22.5) 

0.02(0-0.48) ) 

0.02(0-0.16)) 1.0(0.2-1.8) 1.0(0.1-16.7) 

0.01(0-0.10) ) 

0.055 (0-0.10) 1.0 (0.1 - 15.3) 1.3 (0.3-7.1) 

0.033 (0 - 0.08) 

0.022 (0 - 0.46) 0.5 (0 - 5.2) 0.4 (0 - 5.8) 

0.15(0.05-0.24) ) 

0.222 (0.11 - 0.34) 1.5 (0.6 - 3.6) 2.3 (0.8 - 6.3) 

## Adjusted for smoking, diabetes mellilus, hypertension and hyperlipidemia 

44 -

3.55 -

33 -

2.5 5 

2 2 

1.5 5 

I I 

0.55 H 

II  I Non-carriers 

HH Carriers 

0.15 5 

00 0 

_II  I_ 

0.05 5 

T T 

0.37 7 

0.18 8 

15-30 0 31-455 46-60 

Agee groups (years) 

2.00 0 

1.00 0 

61> > 

Figuree 1. Age-specific annual incidences of a first event of an arterial thrombotic event. The lines within 
thee bars represent 95% confidence intervals. 



Pregnancy-relatedd Complications 

Off  all participating women, 1.56 hatl ever been pregnant. Of them, HI were carriers. 

Tablee 5 shows incidences of pregnancy related complications. Thirteen percent 

off  pregnancies in carriers and 12.3% of pregnancies in non-carriers ended in 

spontaneouss abortion. The risk for women earning the prothrombin 20210A 

mutationn appeared to be slightly higher, but the observed dillerence did not 

reachh statistical significance (OR: 1.3 {0.7-2.6')). Incidences of recurrent 

spontaneouss abortions in carriers and non-carriers were not different (OR: 0.9 

(0.3-3.3)). . 

Tablee 5 Complications related to pregnancy m first-degree relatives of probands with prothrombin 

20210AA mutation. 

Numberr of women ever pregnant 
Totall  number of pregnancies" 
Totall  number of pregnancies gestalion> 20 weeks 
Pregnancy-relatedd hypertension 

\\ episodes 
Incidencee (%, (9,3% CD) 
Oddss ratio (9.3% CI) 

I H T T PP syndrome 
NN episodes 
Incidencee (%>, [9.')% CI» 
Oddss ratio (9,3% CI) 

Spontaneouss abortion 
\\ women with spontaneous abortions 
Oddss ratio (9,3%>CD 
NN episodes 
Incidencee (%>, (9,3%> CD) 
Oddss ratio (9,3% CI) 
XX women with recurrent spontaneous abortions 
Oddss ratio (!).5%CD 

## This number includes all pregnancies including current pregnancies at time ol inclusion, ectopic 
pregnanciess and induced abortions. @ These figures include eight uncomplicated pregnancies in 3 
womenn homozygous for the prothrombin 20210A allele. 

Discussion n 
Inn this large retrospective family study, we found that among relatives of patients 

withh the mutation, carriers of the prothrombin 20210A allele had an annual 

incidencee of 0.3.~>% (0.21-0.,)3) for a first episode of \ T K and 0.22% (0.11-0.3 1) 

forr a first arterial thrombotic event. Compared to the observed incidences of first 

Noo prothrombin Presence of prothrombin 

mutation n 

7,3 3 
203 3 
167 7 

11 1 
(i.()) (3.3- 11..3) 

--

2 2 
1.2(0.11 - 1.3) 

--

20 0 
--

2.3 3 
12.3(7.8-16.8) ) 

--

<> <> 

mutation n 

81" " 
216" " 
208 8 

9 9 
1.33 (2.0-8.1) 
0.6(0.3-- 1.6) 

1 1 
1.!)) (0..3- 1.9) 
1.6(0.3-8.9) ) 

20 0 
1.33 (0.7 - 2.6) 

32 2 
13.0(8.8-- 17.2) 

1.11 (0.6- 1.!)) 

O.f)) (0.3 - 3.3) 



eventss m non-earners, there was a trend to higher incidences in earners, but the 

observedd differences did not reach statistical significance. However, within families 

off  probands who had experienced VTE, carriers of the mutation were at increased 

riskk for VTE as compared to non-carriers (OR: 2.4 (1.0-.5.8); p=().04), indicating 

thatt for die risk of VTE in carriers, die family history is of importance as was 

previouslyy shown for factor V loeiden carriers '2<>. Furthermore, in particular 

homozygouss carriers of the mutation had an increased risk for VTE. 

Inn contrast to other reports, we were unable to demonstrate an increased risk for 

VT EE induced by transient risk factors, especially not related to pregnancy or use 

off  oral contraceptives r'-27-2H. 

Thee observed high annual incidence of VTE in botii non-carriers (0.08 (0.01-

0.28))) and carriers (0.44 (0.23-0.76)) under die age of 30 is striking. It appeals 

higherr than in individuals under 30 years of age carrying die factor V Leiden 

mutationn (0.2,5% (0.12-0.49) but lower than in young individuals with inherited 

antithrombin,, protein C or protein S deficiency (0.94% (0.58-1.46))2""™. 

Concerningg arterial Üirombotic risks, die annual incidences of first arterial events 

inn carriers were comparable to diose in non-carriers. However, carriers of the 

mutationn had an almost five-fold, borderline significant increase of die risk of a 

firstt episode of myocardial infarction as compared to non-carriers. Our findings 

thatt arterial thrombotic risks were low and that almost half of all events occurred 

beforee the age of 50 are similar to odier observations amf,* ;~!1 M. 

Althoughh our family study does not indicate that the prothrombin mutation is a 

riskk factor for pregnancy-related complications in female relatives, it is notable 

thatt about one third of all carriers who had ever been pregnant had experienced 

aa spontaneous abortion (OR as compared to non-carriers: 1.3 (0.7-2.6)). The 

incidencess for abortions in both groups maintained within die range as known 

forr the normal population 'x\ 

Somee methodological aspects of our study warrant comment. First, to limit the 

potentiall  for bias and misclassification, we used a standardised questionnaire, 

appliedd strict a priori defined criteria concerning classification of events, and 

obtainedd all infonnation without knowledge of the genetic status. Second, the 

questionn could arise whether selection of families may have occurred. This kind 

off  selection is unlikely because screening for thrombophilia was performed in all 

patientss with VTE or premature atherosclerosis, independent of age or prognosis, 

inn all three participating centers, and all patients who were able to give informed 

consentt were asked to participate. Third, we did not reach an optimal response 

rate.. Nevertheless, we were able to obtain known causes of deadi of virtually all 



relativess not participating in the study, and there was no evidence that the observed 

incidencess were underestimated. Furthermore, the reported cardiovascular 

mortalityy rate was lower than known in the general population, and it is known 

thatt life expectancy of individuals with other, even more penetrant inherited 

thrombophilicc factors is normal  U i ' . Although the reported prevalence of possible 

VT EE in deceased relatives was ()%, it is unlikely that this has resulted in 

underestimationn ol the incidence ol \ T E in carriers. In a worst case scenario in 

whichh all 7 deceased individuals with reported VTE are included as carriers, 

.50%% ol all deceased relatives would have been carriers, and life expectancy in 

thesee carriers would be decreased to 6.) years, the annual incidence ol a first 

episodee of VTE would not differ (0.31% (0.19-0.12). For any first arterial event 

inn the same worst case scenario, the annual incidence would only increase from 

0.22%% (0.11 - 0.34) to 0.34% (0.22-0.14). Thus, the inability to include deceased 

relativess does not materially affect our observations. 

Finally,, the clinical characteristics and risks of VTE in non-carriers did not differ 

fromm the general population or published family studies, indicating that non-

carrierss were appropriate for comparison'"'-'" . 

W ee conclude that the prothrombin 20210A mutation is a mild risk factor for 

VT EE in relatives of patients with this mutation and a history of VTE, but not in 

alll  carriers. In particular homozygous carriers are at increased risk tor VTE, and 

approximatelyy 40 percent of all events of \ T E occur spontaneously, while transient 

riskk factors for VTE do not significantly increase the risk for \ T E in carriers as 

comparedd to non-carriers. Carriers have an almost five-fold borderline increased 

riskk for a first myocardial infarction as compared to non-carriers, while it is unlikely 

thatt the prothrombin mutation plays a major role in the aetiology of other arterial 

thromboticc events or the occurrence of pregnancy-related complications within 

familiess of carriers with \ T E or premature atherosclerosis. 
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Abstract t 
Elevatedd levels of coagulation factor VI I I x (FVIII:c ) are associated with an 

increasedd risk lor venous and arterial thromboembolism. The aim of this study 

wass to estimate the incidences of both venous and arterial thrombotic events in 

.5844 relatives of 177 patients with elevated levels of FVIIhc and venous dirombo-

embolismm (VTE) or premature atherosclerosis. 

Afterr classification the level of FVIIhc was determined. Of the participants, 232 

(40%)) had elevated levels of FVIIhc and 3.52 relatives had normal levels of FVIIhc. 

Thee annual incidence of a first episode of V I E was 0.34% and 0.13%> in relatives 

withh elevated levels of FVIIhc and those with normal levels, respectively (OR: 

3.77 (95% CI: 1.9-7.5)). 

Inn relatives with elevated levels of FVIIhc, 37% of \ T E occurred spontaneously, 

whereass nearly all events in those with normal levels of FVIIhc were related to a 

transientt risk factor lor \ T E . The observed difference in incidences of \ T E 

betweenn women with elevated and with normal levels FVIIhc, who were using 

orall  contraceptives, were not statistically significant (OR: 2.0 (0.6-7.6)). We 

observedd a dose-response effect of FVIIhc for VTE. 

Thee annual incidences of a first arterial thrombotic event were 0.29% and 0.14% 

inn relatives with and without elevated levels of FVIIhc, respectively (OR: 3.1 

(1.4-6.6)).. In particular the risks fora first myocardial infarction (OR: 4.3 (1.0-

18.1);; p=0.046) and a first peripheral arterial thrombosis (OR: 8.6 (1.6-47.6)) 

weree increased. 

hii  conclusion, within families of patients with elevated levels of FVIIhc and 

VT EE or premature atherosclerosis, 40% of their first degree relatives have elevated 

levelss of FVIIhc as well, and they are at increased risk for both VTE and arterial 

thrombosiss as compared to their relatives with normal levels. 



Introduction n 
Elevatedd levels of coagulation factor VII I (FVIII:c ) increase the risk for venous 

thromboembolismm (VTE), with each 10 IU/dl increment resulting in a 10 % risk 

increasee for \ T E u\ Furthermore, patients known with elevated levels of FVIIIi c 

mayy also he at risk for recurrent VTE H l. Resides VTE, elevated levels of FVIIIi c 

havee l>een associated with arterial thrombotic diseases, in particular acute myocardial 

infarction,, ischemic stroke and peripheral arterial thrombotic disease '7. 

Sincee elevated levels of FVIIIi c are, at least partially, determined genetically H,8"'°, 

diee question arises whether relatives of patients with elevated levels of FVIIIi c 

alsoo have higher levels of this clotting factor, and whether they are at increased 

riskk for VTE and arterial thrombotic disease. 

Therefore,, we determined the prevalence of elevated levels of FVIIIi c and 

calculatedd the absolute risks for VTE and arterial thrombotic disease in first-

degreee relatives of consecutive patients with VTE or premature atherosclerosis 

andd elevated levels of FVIIIic . 

Methods s 
Studyy Design 

Betweenjanuaryy 2000 and April 2003 first degree relatives of consecutive patients 

withh documented VTE or premature atherosclerosis (any arterial thrombotic 

eventt before the age of 50) and elevated FVIIIi c plasma levels (FVIIIi c >1.50 117 

dl)) at repeated measurements (probands) were enrolled in three academic 

hospitalss in The Netherlands. FVIIIi c levels were measured by an one-stage 

clottingg assay with FVIIIi c deficient plasma and automated activated partial 

thromboplastinn time measurement, at least 3 months after the thromboembolic 

event.. Patients with evident active malignant disease, chronic inflammatory or 

systemicc diseases were excluded. 

Inn relatives, FVIIIi c levels were measured once. levels above the 7.5th percentile 

off  normal population were considered elevated. In case of pregnancy, surgery or 

infectiouss disease, FVIIIi c levels were measured at least () weeks after delivery, 

thee procedure and episode, respectively. 

Wee obtained a detailed medical history with special emphasis on previous episodes 

off  VTE and arterial thrombosis, transient risk factors for VTE including surgery, 

immobilisation,, pregnancy and use ol contraceptives and known risk factors for 

arteriall  disease such as smoking, diabetes mellitus, hyperl ipidemia and 

hypertension. . 



levelss of' FVII I x in relatives were determined after the medical history had 

heenn completed and individuals were classified as being symptomatic or 

asymptomaticc lor VT E or arterial thrombosis (see definitions). 

Relativess with normal levels of" FVII I x were used as controls for relatives with 

elevatedd levels of'FVIII:c . Probands were not included in the analysis. 

Al ll  individuals gave informed consent and the study was approved by the local 

ethicc committees. 

Definitions s 

VT EE was considered to have occurred if it had been confirmed by venography, 

ultrasonographyy or impedance plethysmography in case of deep venous thrombosis 

(DVT) ,, and vcntilation-perfusion lung scanning, angiography or computerised 

tomographyy in case of pulmonary embolism (PE). If an episode of VTE had not 

beenn diagnosed by means of objective methods at the time when these were not 

routinelyy used, it was only classified as an event if it had been treated with vitamin K 

antagonistss or low-molecular weight heparin for at least 6 weeks. 

Coronaryy and per ipheral arterial disease had to be symptomatic and 

angiographicallyy proven, while myocardial infarction had to be diagnosed 

accordingg to clinical, enzymatic and electrocardiographic criteria. Ischemic stroke 

wass defined as the onset of rapidly developing symptoms and signs of loss of 

cerebrall  function that lasted at least 24 hours and had no apparent nonvascular 

cause.. Furthermore, it had to be confirmed by means of computed tomography 

orr magnetic resonance imaging. If a cerebral event resolved completely within 

244 hour's without signs of cerebral lesions on scanning, it was classified as a transient 

ischemicc attack (TIA) . 

Episodess of increased risk for VT E included recent surgery, t rauma, 

immobilisationn for more than 7 days, pregnancy, post-partum period, malignancy 

andd use of oral contraception or hormone replacement therapy. \ T E was 

consideredd to be related to such an episode when it had occurred within 3 months. 

AA relation with the use of oral contraception or hormone replacement therapy 

wass defined as an event occurring during exposure. Known risk factors for arterial 

thrombosiss were also recorded and included: past and current smoking habits, 

thee presence of diabetes mellitus, hyperlipidemia and hypertension. 

Statisticall  Analysis 

Annuall  incidences of first episodes of VEE and arterial thrombotic events in the 

carrierr and non-carrier groups were calculated by dividing the number of events by 



observedd years. These incidences were also assessed for the age groups 1.5 to 30, 

311 to 4,3, 46 to 60 and above 60 years. Observation years were defined as years 

sincee the age of 1.5 until the date of inclusion or until die date of'the first thrombotic 

event.. However, if a relative had experienced both arterial and venous events, 

separatee observation years were used for analysis: all years until the first VTE were 

takenn for VTE, while all years until the first arterial thrombotic event were calculated 

lorr arterial thrombotic disease (see also statistical analysis). When appropriate, 

patient'ss charts were renewed, or treating physicians or general practitioners were 

contacted.. All events were classified prior to knowledge of the level of FVIIhc. 

Oddss ratios (OR) were used to estimate the relative risk. Multivariate analysis 

wass used for determination of the adjusted arterial thrombotic risk, conditional 

logisticc regression was applied to estimate the OR. We adjusted for known risk 

factorss for arterial disease, i.e. smoking, diabetes mellitus, hypertension and 

hyperlipidemia.. Conditional logistic regression was also used to analyse the role 

off  a family history in the occurrence of VTE and arterial thrombosis. 

Relativess with elevated levels of FVIII: c were compared to relatives with normal 

levelss of FVIII:c . The 9.5% confidence intervals (9,5%CI) were calculated according 

too normal approximation of the binomial distribution. Statistical significance was 

determinedd by Chi-squarc test and Students' t-test. 

Results s 
Studyy Populat ion 

Thee pedigrees of 177 probands, known with documented VTE or premature 

atherosclerosis,, revealed 1086 first-degree relatives older than 1.5 years of age. 

Off  these, 221 had died before this study began. For 22 (10%) of them, the cause 

off  death was reported to be of cardiovascular origin, while 19 (9 %) had possibly 

experiencedd VTE and 33 (1.5 %) had possibly experienced a myocardial infarction 

orr ischemic cerebral event during lifetime. Another 281 relatives did not participate 

becausee of various reasons, including reluctance to undergo assessment for genetic-

disorders,, inability to give informed consent and residence outside the 

Netherlands.. Thus, a total of .584 first-degree relatives were included for the 

analysis,, giving a response rate of living first-degree relatives of 68 % and an 

overalll  response rate ol .54 %. 

Off  the relatives, 232 (40%) had an elevated FVIIhc plasma concentration and 

3.522 had normal levels. Relatives with elevated FVIII: c levels were older than 

controlss (mean age + SD: .52  18 vs. 43  16 years; p=0.013). 



Incidencee of Venous Thromboembol ism 

Twenty-sevenn relatives with elevated levels of FYIIhc had experienced a first 

episodee ol \ T F as compared to 12 relatives with normal levels of FYIIhc (Table 

1).. The absolute annual incidence of a first episode of \ T F was 0.8-1 % (95% CI: 

0.222 - 0.40), and 0.18 % (0.07-0.22) in relatives with elevated and normal levels 

off  FYIIhc, respectively (OR: 3.7 (CI: 1.9-7..;)). Furthermore, taken all relatives 

together,, most events of \ T F occurred in relatives with FVIIL e levels above 166 

I l / d ll  (upper quartile of the study population) indicative of a dose-response elfect 

(Fablee 2, left part). The history of the proband (i.e. YT F versus premature 

atherosclerosiss as index event) did not statistically inlluence the risk for YT F in 

relativess (data not shown). 

Inn relatives with elevated FYIIhc levels, 87% of the thrombotic events occurred 

spontaneously,, whereas nearly all events in those with normal levels were related 

too a transient risk factor for \ T F (Fable 8). The absolute annual incidences of 

Y T FF among women who used oral contraceptives were 0.62% (0.20-1.4)) and 

0.81%% (0.08-0.70) in those with elevated and normal FYIIhc levels, respectively 

(OR:: 2.0 (0.6-7.6)). 'Hie incidence of pregnancy-related VT F was 1.82% (0.86-

3.35)3.35) in women with elevated levels of FYIIhc, whereas none of 842 pregnancies 

544 in women with normal levels ol FYIIhc were complicated by YT F (95%Ch 0 -

1.1).. Surgery, trauma or immobilisation were not associated with a statistically 

Tablee 1 Frequency and incidence of a first episode of YFF in first-degree relatives of probands with 
elevatedd levels of FYIJbc. 

Relativess with Relatives with 
normall  levels FYIIhc (n) elevated levels FYIII: c (n) 

Individualss with \TF. 11' 27 
Observedd years 9.512 79. >H 
Incidencee year (%, 9.~>%CD 0.13 (0.07 - 0.22) 0.3I (0.22 - 0.19) 
()ddss ratio (ft?*. CI) - 3.7 (1.9-7.5) 

Tablee 2 FYIII x levels and first venous and arterial thrombotic events in (he study population. 

Ijcvell  of 
FYIIhcc (11/ 

<11() ) 
111-133 3 
133 MOO' 

>1(>0' ' 

dl) ) 
Relativess with 

\ T EE (n, 

2(1) ) 
88 (o) 
.55 (t) 

21(17 7 

%> > 
()RR W 

1 1 
1.22 (0.9 -
2.77 (0.;j -
17.3(1.0 0 

%CI) ) 

20.0) ) 
11.2) ) 

-71.1) ) 

Relativess with anv 
arteriall  thrombotic 

eventt (n, %) 

.•)) (3) 

~>~> (3) 

1 K 1 0) ) 

13(9) ) 

()R(9.")%CI) ) 

1 1 
1.0(0.3-3..")) ) 
3.2(1.11 -9.1) 
2.8(1.0-8.2) ) 



Tablee 3 Relation of first episodes ol \ T E with established risk factors. 

Relativess with Relatives with 
normall  levels KYIIIi c (n) elevated levels FYIII x (n) 

Numberr ol YFE events 
Spontaneouss (%>) 
Pregii  ïai icy-related 

NN episodes 
NN YFE 
Incidencee (%, 9,3%C'I) 
Oddss ratio (9.5%tï) 

Operation,, trauma immobilisation 
NN episodes 
NN \TE 
Incidencee (%, 9.5%CI) 
Oddss ratio (9.3%CI) 

Orall  contraceptives 
Yearss of use, yr 
NN VI E 
Annua]]  incidence per year ol use {%, 9.3%CI) 
()ddss ratio (9,5%CI) 

12 2 
11 (8%) 

312 2 
0 0 

(>(()-- 1.1) 

167 7 

L.,3(0.0-3.1) ) 

--

130.) ) 
I I 

0.3(0.1-0.8) ) 

--

27 7 
It)) (37%) 

303 3 
I I 

1.3(0.1-3.1) ) 

H I I 

1.2(0.1-2.8) ) 
0.88 (0.3 - 2.6) 

801 1 
.3 3 

0.6(0.2-- 1.5) 
2.11 (0.6-7.7) 

## 7.5% of events occurred during post partum period 

Tablee 4 A^c-spccilic munml incidences eV first episodes ol VIT . in first-degree relatives of probands 
withh elevated FYIIhc. 55 5 

Agee group Individuals s 
withh V f E 

I.j-30}TS I.j-30}TS 

Normall  FVIIhc .5 
Elevatedd FYIIhc .5 

31-i.ivrs 31-i.ivrs 
Normall  IA III: t 3 
Elevatedd f\ rIII: c 7 

Nonnall  FYIIhc 2 
Elevatedd F\'III:c 8 

Nonnall  FYIIhc 2 
Elevatedd FYIIbc 7 

<< )bservation 
vears s 

1606 6 
3190 0 

3011 1 
2323 3 

11 13.3 
1731 1 

370 0 
708 8 

Incidence-yearr (%> 
(9.5%% CI) 

).111 (0.03 - 0.2.3) 
).!(>> (0.0.3 -0.37) 

).1<)) (0.02-0.29) 
>..'•«)) (0.12-0.62) 

).ll I (0.02 - 0..30) 
U00 (0.20 -0.91) 

•..31(0.07-- 1.9.3) 
>.99(0.10-2.01) ) 

()ddss Ratio 
<9.5%C1) ) 

1..3K).. t-,3.0) 

3.11 (0.8-11.8) 

3.33 (0.7 - 1.3.6) 

1.8(0.1-8.8) ) 

> > 



Tablee 5 Frequencies and incidences oi first episodes of arterial thrombotic event in first degree relatives 
off probands with elevated FVIII:c. 

Individualss Observation 
uithh event vears 

Myocardiall infarction 
Normall FVIIhc 
Flevatedd F\rIII:c 

Ischemicc stroke 
Normall KVIIIx 
Elevaledd FVIIhc 

TIA A 
Normall FVIIIx 
Elevatedd FVIIhc 

Peripherall arterial thrombotic 
Nonnall FVIIIx 
Elevatedd F\'III:c 

8 8 
9 9 

,"j j 

1 1 

3 3 
i, i, 

event t 
2 2 
7 7 

Anyy first arterial thrombotic event 
Nonnall FVIIIx 
Elevatedd FVIIIx 

13 3 
21 1 

9712 2 
8128 8 

9707 7 
8199 9 

9722 2 
8197 7 

9790 0 
8.322 2 

95m 95m 
8299 9 

@@ Adjusted lor smoking, diabetes mellitus, hyperlipidemia and liypertension 

significantt difference in risk for VTE between the two groups of relatives (OR: 

566 0.8 (0.3-2.6*)). None of the women using hormone replacement therapy developed 

VTE.. Age-specific annual incidences of first events of VTE are shown in fable 

4.. Family history did not have influenced the risk for \ T E . 

Incidencess of First Arterial Thrombot ic Events 

'fablee 5 shows the absolute annual incidences of first arterial thrombotic events 

inn relatives with normal and elevated levels of FVIIFc. Twenty-four relatives with 

elevatedd levels of FVIIIx had a first event of arterial thrombosis, as compared to 

133 individuals with normal levels of FVIII:c. Adjusted for major risk factors for 

arteriall disease, there was a significant difference lor the occurrence of any first 

arteriall event between both groups (OR: 3.1 (1.4-6.6)), as well as for a first acute 

myocardiall infarction (OR: 4.3 (1.0-18.1; p=().046) and a first peripheral arterial 

thromboticc event (OR: 8.6' (1.6-47.6)). The incidences of a first episode of ischemic 

strokee and TIA were virtually identical in both groups. Annual incidences of a 

firstt arterial thrombotic event were increasing with age in both individuals with 

normall and with elevated levels of FVIIIx as shown in Figure 1. In contrast to 

thee risk for VTE, there was no clear dose-response effect of FVIII:c levels and 

thee risk for arterial thrombotic events (4"able 2, right part). 

Incidence/yearr (%) Adjusted OR 
(9.5%% CI) WXJCl) " 

0.088 (0.01 -0.09) 
0.111 (0.0.3-0.20) 1,3(1.0-18.1)4 4 

0.0.55 (0.02-0.12) 
0.0.55 (0.01-0.12) 1.0(0.3-3.9) ) 

0.03(0.01-0.09) ) 
0.0.)) (0.01-0.12) 1.0(0.1-7.6) ) 

0.022 (0-0.07) 
0.08(0.03-0.17) ) 8.0(1.0-- 17.0) 

0.11 K0.07-0.23) 
0.29(0.19-0.13) ) 3.11 <l.l-o.6) 
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Figuree 1 Age-specific annual incidences of a first arterial thrombotic event. The lines within the bars 
representt 95% confidence intervals. 

Discussion n 
Inn this large family study, 40 percent of first degree relatives of patients with 

elevatedd FVTILc plasma levels were found to have levels of FVIILc above die 

75thh percentile of the normal population as well, suggesting a hereditary 

componentt that determines the level of FVIILc. Furthermore, diese relatives 

weree at increased risk of both VTE and arterial thrombotic diseases, as compared 

too their relatives with lower levels of FVIIIx. The observed odds ratio for VTE 

off 3.7 (1.9-7.5) in individuals with elevated levels of FVIILc, as compared to 

tiiosetiiose with normal levels in families with VTE and premature atherosclerosis is 

consistentt with the findings in a large population-based case-control study (OR: 

4.88 (2.3-10.0))'. Furthermore, we also confirmed that the highest levels of FVIILc 

aree associated with the highest risk of VTE 3 . 

Thee absolute annual incidence of VTE in individuals with elevated levels of 

FVIILcc of 0.34% (0.22-0.49) is within the same range as in carriers of die factor 

VV Leiden mutation (0.45% (0.28-0.61) " l 2 , whereas the observed incidence in 

relativess with normal levels of FVIILc is similar to die known incidence in the 

generall population '3. Although the absolute incidence of VTE in these families 



wass low, wc observed a strikingly higher absolute risk of \ T F during use of oral 

contraceptivess in all women from these families of 0.3 to 0.6% during each vear 

off use, than in healthy users in the general population ' ' ' ' . The absence of a 

statisticallyy significant dilference between women with and without elevated levels 

off FVIIhc (OR: 2.1 (0.6-7.7)) is in contrast with a previous population-based 

study,, that showed that women with elevated levels of FVIII:c levels using oral 

contraceptivess had a significantly increased risk for \ T K as compared to women 

withh normal levels (OR: 4.0 (2.0-8.0)). This discrepancy may be due to either the 

increasedd risk by our selection process of relatives from affected patients, as well 

ass by the relatively lew observation years during use of oral contraceptives in our 

study1". . 

Concerningg arterial thrombotic risks, we observed that relatives with elevated 

levelss of FVIIIx are at a four- to eightfold increased risk lor myocardial infarction 

andd peripheral arterial thrombosis, respectively, as compared to those with normal 

levels.. These findings are in accordance with subanalyses from cohort studies " . 

Ourr study, however, is the fust family study that also provides absolute annual 

incidences,, which is useful in clinical practice and in counseling patients and 

theirr relatives. 

Somee methodological aspects ol our study warrant comment. First, to limit the 

potentiall for bias and misclassification, we used a standardised questionnaire, 

appliedd strict a priori defined criteria concerning classification of events, and 

obtainedd all information without knowledge of the genetic status. Second, our 

responsee rate of 68% of living relatives was sub-optimal, despite maximum efforts 

too include as many first degree family members as possible. However, we were 

ablee to obtain information about known causes of death and cardiovascular history 

off virtually all relatives not participating in the study. Although the reported 

prevalencee of possible VTK in deceased relatives was 0%, it is unlikely that this 

hass resulted in underestimation of the incidence of YTF in relatives with elevated 

levelss ol FVIIhc. In a worst case scenario in which all 19 individuals with reported 

\\ I F are included, and 40% of all deceased relatives had elevated levels of FVIIIx, 

andd life expectancy in these relatives was decreased to 65 years, the annual 

incidencee of a first episode of YTF did not differ (0.34% (0.24-0.43). For any 

firstt arterial event in the same worst case scenario, the annual incidence would 

onlyy increase from 0.20% (0.19-0.43) to 0.41% (0.30-0.,>1). Thus, the inability to 

includee deceased relatives does not materially affect our observations. 

Third,, for this analysis, blood group and von Willebrand factor activity were not 

measured.. Previous investigations have convincingly shown that the risk increase 



observedd in individuals with elevated FVIII:c levels is independent of these factors 
LL-'\-'\ Finally, die relatives with elevated FVIIhc levels were older than die participants 

withh normal levels, which may have contributed to the observed risk increase in 

bothh venous and arterial thrombotic events, because both these risks and levels of 

FYIIhcc are known to increase with age S l / . However, there was no dose-response 

effectt in arterial thrombotic disease, and the effect of age was corrected for by 

calculationn of age-specific incidences, showing that incidences were increasing equally 

withh age in both individuals with elevated and normal levels of FVIII:c. 

Wee conclude that elevated levels of FVIIhc occur in almost half of die first degree 

relativess of patients with elevated levels of FVIII:c and VTE or premature 

atherosclerosis,, and Üiese individuals are at increased risk for VTE, myocardial 

infarctionn and peripheral artery disease as compared to dieir relatives widi normal 

levels.. The observed absolute incidences however arc low, and whether this justifies 

screeningg for FVIIIrc in either patients or dieir relatives, should be addressed in 

futuree management studies. 
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Abstract t 
Thee clinical expression of factor V loeiden mutation varies widely within and 

betweenn families and only a minority of' carriers will ever develop venous 

tiiromboembolismtiiromboembolism (YTE). Co-segregation of'thrombophilic disorders is a possible 

explanation.. Our aim was to assess the contribution of high levels of'factor VIII:C, 

factorr XI:C, thrombin activable fibrinolysis inhibitor (TAFI) and lipoprotein (a) 

(Lp(a))) to die risk of VTE in factor V loeiden carriers. 

Ecvelss of the four proteins were measured, in addition to tests of deficiencies for 

antithrombin,, protein C and protein S, and the prothrombin G20210A mutation, 

inn 1:53 factor V Ijciden carriers, derived from a family cohort study. The (adjusted) 

relativee risk and absolute risk of VTE for high levels of each protein were 

calculated. . 

Off carriers, 60% had one or more concomitant thrombophilic disorders. Crude 

oddss ratios (9.5% CI) of VTE for high protein levels were: 3.2 (1.1-9.3) (factor 

VIILC);; f .7 (0.6-4.9) (factor XI:C); 3.0 (1.1-8.2) (TAFI); and 1.9 (0.7-5.7) (Ep(a)). 

Adjustedd for age, sex, odier concomitant thrombophilic disorders and exogenous 

riskrisk factors, the odds ratio for VTE were 2.7 (0.8-8.7) for high factor VIII:C 

levelss and 1.8 (0.(k5.3) for high TAFI levels. Annual incidences in subgroups of 

carrierss were 0.3.5% (0.09-0.89), 0.44% (0.0.5-1.57) and 0.94% (0.3.5-2.0.5) for 

concomitancee of' high levels of factor VIII:C, TAFI and both, respectively, as 

comparedd to 0.09% (0.00-0.48) in single factor V Eeiden carriers and 1.11% 

(0.30-2.82)) for other concomitant disorders. 

Highh levels of factor VIII:C and TAFI, in contrast with factor XI:C and Ep(a), 

aree mild risk factors for VTE, that substantially contribute to the risk of VTE in 

factorr V Eeiden carriers. Our data support the hypothesis that the clinical 

expressionn of factor V Eeiden depends on co-segregation of thrombophilic 

disorders. . 



Introduction n 
Resistancee to activated protein C, due to the factor V:Qo06 mutation (factor V 

le iden) ,, is the most common known heritable thrombophilic defect' . It is found 

inn approximately 5% of Caucasians and, depending on selection, in 20 to 50% of 

patientss with venous thromboembolism (VTE)2'3. Only 20 to 30% of factor V 

loeidenn carriers will ever experience VTE during their lifetime1"''. Moreover, there 

iss a wide intra- and interfamilial variation in its clinical expression. These 

observationss suggest that the occurrence of VTE, depends on the concomitance 

off factor V loeiden with exogenous risk factors or other genetic defects *'. The 

contributionss of inherited deficiencies of antithrombin, protein C and protein S 

willl be limited because the chance of co-segregation is small, given dieir low 

prevalencess / 9 . The prothrombin G20210A mutation, elevated factor VIII activity 

(factorr VIII :C) and mild hype rhomocys t e inemia are more prevalent 

thrombophilicc disorders. Previously we demonstrated that the risk of VTE in 

factorr V Leiden carriers increased only 1.3 fold if they also carried the prodirombin 

mutation.. The risk was approximately 4-fold higher in homozygous factor V 

Leidenn carriers and 17.5-fold higher if inherited protein C or S deficiencies were 

thee concomitant thrombophilic disorders. However, only 20% of symptomatic 

factorr V Leiden carriers showed co-segregation with these thrombophilic 

disorders10.. More recently, high levels of factor XI activity (factor XI:C) and 

thrombinn activatable fibrinolysis inhibitor (TAFI) have been identified as risk 

factorss for VTE 1U2. Elevated levels of lipoprotein a (Lp(a)) may also be involved 

inn the pathogenesis of VTE, due to its homology7 to plasminogen 131\ 

Inn the present study we assessed die contribution of factor VIII:C, factor XI:C, 

TAFII and Lp(a) to die risk of VTE in factor V Leiden carriers. 

Designn and Methods 
Inn a previous family cohort study, designed to estimate die absolute risk of VTE 

inn factor V le iden carriers, we enrolled consecutive patients wiüi VTE and factor 

VV loeiden (probands) and their first-degree relatives older than \5 years K Probands 

weree referred to the out-patient clinics of the three participating university hospitals. 

Theirr living first degree relatives were identified tiirough pedigree analysis. After 

informedd consent had been obtained, each relative was interviewed by one of 

thee investigators using a standardized and validated medical history form lf). 

Detailedd information was collected about previous episodes of VTE, surgical 

interventions,, trauma, periods of immobilisation and prophylactic or therapeutic 

usee of anticoagulant drugs. For women, the use of oral contraceptives and the 



obstetricc history were also documented. At the end of the outpatient visit a blood 

samplee was taken for DNA testing of factor V Ixiden. 

Inn the present study, in a single center we performed additional tests on stored 

plasmaa and DNA in 1.53 of the previously enrolled 269 relatives, who carried 

factorr V Leiden. The remaining 116 carrier relatives had to be excluded, because 

off insufficient amounts of stored plasma. Comparing included and excluded carriers, 

theree were no differences in their clinical characteristics or the prevalence of VTE 

(11.1%% versus 10.3%), p=l.()0), suggesting absence of selection bias. Carriers were 

additionallyy tested for die prothrombin mutation and inherited deficiencies of 

antithrombin,, protein C, and protein S, and plasma levels of factor VIII:C, factor 

XI:C,, TAFI, and Lp(a) were measured. The study was approved by the institutional 

revieww board of the hospital and all participants gave informed consent. 

Definitions s 

AA previous episode of deep vein thrombosis or pulmonary embolism was 

consideredd to have occurred if continued by compression ultrasound, venography, 

ventilation/perfusionn lung scanning, or pulmonary angiography, or if the patient 

hadd received full dose heparin and oral anticoagulants for at least 3 months without 

objectivee testing at a time when these techniques were not yet available. For this 

classificationn the patients' charts were reviewed. VTK was classified secondary if 

itit had occurred within 3 months after exposure to one or more exogenous risk 

factorss including surgery, trauma, immobilisation for more than 7 days, oral 

contraceptivee use, pregnancy or malignancy. VTK that occurred in the absence 

off any exogenous risk factor was considered spontaneous. 

Laboratoryy Studies 

Factorr V loeiden and the prothrombin mutation were demonstrated by polymerase 

chainn reaction, as described previously !1/ . 

Proteinn C and total protein S antigen levels were measured by KLISA (reagents 

obtainedd from DAKO, Glostrup, Denmark), protein C activity (Berichrom 

Proteinn C, Behring, Marburg, Germany) and antitrombin activity (Coatest IM, 

Chromogenixx AB, Mölrrdal, Sweden) by chromogenic substrate assays. 

Inheritedd deficiencies of antithrombin, protein C or protein S were deirncd as a 

plasmaa level below the lower limit of the normal range at two separate 

measurementss and in at least two relatives. Protein S deficiency was considered 

too be acquired due to pregnancy or oral contraceptive use unless it was established 

byy repeated measurement at least three months after delivery and discontinued 



orall contraceptive use, respectively. Factor VIILC and factor XI:C were measured 

byy one-stage clotting assays. TAFI activity was determined with the substrate 

hippuryl-L-argiiiine,, using HPLC-assisted measurement of the released hippuric 

acidd as described previously 1H. Lp(a) was measured by KLISA (TintElize, Hiopool 

International,, US, Denver, Colorado, USA). levels of factor XI:C, TAFI and 

Lp(a)) above the 75di percentile of tiieir distribution in factor V Ixiden carrier-

relativess were defined as high. As in other studies, we used the upper limit of its 

normall range, i.e. 150%, as the cut-off point for high levels of factor VIILC, to 

enablee a comparison of results between our and other studies. Antithrombin, 

proteinn C, protein S, factor VIII:C, factor XI:C and TAFI were expressed as 

percentagee of die levels measured in pooled normal plasma set at 100%. 

Statistics s 

Thee risk of VTE was estimated for FVIII:C, FXI:C, TAFI and Lp(a) by univariate 

analysis.. W e assessed the influence of age, sex and hormonal state, i.e. 

premenopause,, oral contraceptive use and pregnancy on their plasma levels. 

Thee relative risk of VTE in subgroups with combined disorders, as compared 

withinn factor V loeiden carriers without concomitant disorders, was calculated 

fromm annual incidences. The annual incidences were calculated by dividing die 

numberr of persons with VTE and the total number of observation years in each 

subgroup.. Observation years were defined as die period from the age of 15 years 

untill the first episode of VTE, or until die date of study entry in asymptomatic 

carriers,, considering that venous thrombosis is rarely found before the age ol 15 

years.. Hazard ratios of thrombophil ic disorders were calculated using a 

multivariatee Cox proportional hazard model, adjusted for age and sex. 

Crudee odds ratios were calculated by simple cross tabulation. Continuous variables 

weree analysed by the Mann-Withney-l --test and presented as median values and 

theirr ranges. Categorical variables were analysed by Fisher's exact test or the Chi-

squaree test, as appropriate. A two-tailed p-value of less tiian 0.05 was considered 

too indicate statistical significance. Analysis was performed using SAS software, 

versionn 6.12 (SAS-Institute Inc., Gary, North Carolina, USA). 

Results s 
Thee characteristics of 153 factor V Leiden carriers in diis study are summarised 

inn 'fable I. Seventeen earners (11%) had a history of VTE, which occurred at a 

mediann age of 33 vears (range 17-63). Exposure to exogenous risk factors was 



similarlyy distributed among symptomatic and asymptomatic carriers. \ T F , was 

classifiedd as spontaneous in -11% oi cases. Symptomatic carriers had higher median 

plasmaa levels of factor VIII:C\ (actor XI:C\ TAFI and Lp(a) than did asymptomatic 

carriers.. Only differences in levels of factor VIII:C and TAFI were statistically 

significantt (Fable I). 

Oddss ratios (9.5% CI) for \ T Fwere calculated by comparing carriers with FVIIFC 

levelss > 1.50% and < 1.50%, respectively. For FXI:C, TAFI and Lp(a), high levels 

weree defined as values above the 7.5th percentile measured in carriers. Odds 

ratioss were 3.2 (1.1-9.3) in carriers with FYIIFC levels >1.50%; 1.7 (0.6-1.°) for 

FXI:CC levels >111%,; 3.0 (1.1-8.2) for TAFI levels >11<)%, and 1.9 (0.7-.5.7) for 

Lp(a)) levels >2 Hi mg/L. 

levelss of FYIIFC (p<0.001),TAFI (p=0.02), FXI:C (pH).001) and Lp(a) (p=0.06) 

increasedd with age (data not shown). There were no differences between 

premenopausall women and men younger than .50 years of age, and between 

postmenopausall women and men ol the same age. Women on oral contraceptives 

(n=2.5)) had higher levels of FXI:C (median 102% versus 9 1%, p=0.03) and TAFI 

(111(%% versus 101%, p=0.()2) than non-users younger than .50 years of age (n=20), 

whereass observed differences in levels ol FYIII:C (120% versus 140%, p=0.13) 

andd Lp(a) (median 72 mg/L versus .50 mg/L, p=0.10) were not significant. 

Tablee 1 Characteristics ol' 1.53 factor \ ' leiden carriers. 
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()iall contraception ("(>  women) 
Pregnancyy (% women) 
Pregnancies,, (n) 
Surgery,, trauma, immobilisation ('Y>) 

Firstt episode ol \ T F 
Mediann age ;it onset, yr (range) 
Spontaneouss (%) 
Secondaryy to 

()rall contraception (<V> women) 
Pregnancyy (% women) 
Surgery,, trauma, iinmohilisation (%) 

Mediann ])lasma lewis (range) 
FVIII:C,, (%) 
K\I:C,, (%) 
TAFI,, (%) 
Lp(a),, (mg U 



Tablee 2 Frequency <>l a first episode ol \ T E in 1.33 lactor V Ix'iden carriers related uith concomitance 
off high levels oi factor VIII:C and/or TAFI, and other combinations of thronibophilic disorders. 

Groupp 1 
FATonlv v 
<n-62) ) 

Groupp 2 
FYL-FVIII I 
<n== n ) 

Groupp 3 
FM^TAFI I 
(n=17) ) 

(iroupp 1 
FYI-FVIII I 
-- TAFI 
(ii-20) ) 

(iroupp ,3 
()tlier r 
ronibinations s 
(n=13) ) 

Patientss mth YTE, (n) 1 1 2 6 1 
Observationn period, (yr) 11.30 1119 1.39 03.5 360 
Annuall incidence (9.5%CI) 0.09 (0.00-0.18) 0.3.1 (0.09-0.89) 0.11 (0.0.1-1..17) 0.91 (0.3,1-2.0,1) 1.11 (0.30-2.82) 
Relativee risk (9.5% CI) 1.0 (reference) 1.0 (0..1-30.1) .1.0 (0.6-13.(1) 10.9 (2.0-19.1) 12.8 (2.3-70.1) 

FYE,, heterozygous lactor V Ix-iden; FVIII , factor VHI :C >1.5()%; T A F I , >116%; o ther combinat ions 
includedd the p ro th rombin gene mutation, homozygous factor V Ix-iden, and protein S deficiency. 

Factorr V Leiden carriers were divided into subgroups in accordance witli 

concomitancee of the thronibophilic disorders that were identified as risk factors 

forr VTE (Table 2). 

Groupp 1 (n=62) contained carriers without a concomitant disorder; group 2 (n=41), 

carrierss with FYTILC levels >150%; group 3 (n=17), carriers with TAFI levels 

>116%;; and group 4 (n=20), carriers with levels of FMILC >L>0% and TAFI 

>116%.. The remaining factor V Leiden carriers (group ,5, n=13) had any of the 

followingg less frequently found concomitant disorders: the prothrombin gene 

mutationn (n=3); the prothrombin gene mutation and a TAFI level >116% (n= 1); 67 

thee pro thrombin gene mutation and a FVIILC level >L50% (n=4); the 

prothrombinn gene mutation, a TAFI level >116% and a FVIII:C level >150% 5 

(11== 1); protein S deficiency (11= 1); homozygous factor V Leiden (n=2); and = 

homozygouss factor V Leiden and a FMILC level >L>0% (n=l). _g 

Thee annual incidence of VTK was 0.09 in group 1; 0.44 in group 2; 0.35 in o 

grou])) 3; and 0.94 in group 4 (Table 2). In group 5 it was 1.11. The additional !""_ 

riskss of separate concomitant disorders are presented in Table 3. Because g 

en n 
Tablee 3 The influence of concomitant thronibophilic disorders and exogenous factors on the risk lor Ü 
YTEE in 153 factor V Ix'iden carriers. Si 

0 0 
u u 

Concomitantt nsk factors Crude OR (9,5% C.I.) I Iazarcl ratio (9,5% C.I.) * 

FVIII:CC >1.5()% 3.2 (1.1-9.3) 2.7 (0.8-8.7) 
F\I :C>111%% 1.7 (0.(1-1.9) 0.8(0.3-2.,!) 
TAFII > 116% 3.0 (1.1 -8.2) 1.8 (0.6-.5.3) 
Ep(a>> >216 mg E 1.9 (0.7-5.7) 1.3 (0. f3.8> 

Anyy exogenous lactor *t  3.1 (0.7 - 13.3) 1..5 (0.3 - 7.6) 

ORR denotes odds ratio. * Also adjusted for age, sex and other concomitant thronibophilic disorders 
andd exogenous risk factors. # ever exposed versus never exposed to nsk factors, including surgery, 
trauma,, immobilisation, oral contraceptive use or pregnancy 

o o 



interactionss between exogenous risk factors and throinbophilic disorders were 

nott demonstrated, the former were considered as a composite variable in the 

multivariatee model. Adjusted hazard ratios were 2.7 (0.8-8.7) for FVHI:C >1.10%; 

0.88 (0.3-2.,)) for FXI:C >111%; 1.8 (0.6-.1.3) for TAFI >116%; 1.3 (0.1-3.8) lor 

Lp(a)01766 >216 mg/L; and 1..> (0.3-7.6) for exposure to any of the mentioned 

exogenouss risk factors. 

Discussion n 
W ee found that high levels of factor VIII:C (>1.10%) or TAFI (>116%, the 7.1th 

percentilee of the distribution of values in factor V Ix-iden carrier-relatives) were 

associatedd with an increased risk for \ T F in factor V Ixidcn carriers. High 

levelss of factor XI:C (=111%, the 7.5th percentile) and Lp(a) (=216mg/L, the 

7.1thh percentile) were not identified as risk factors. Using the current definitions, 

onee or more concomitant throinbophilic disorders were demonstrated in about 

60%% of heterozygous factor V Leiden carriers. These were high levels of factor 

VIII:CC and 1 AIT, deficiencies of antithrombin, protein C and protein S, the 

prothrombinn G20210A mutation and homozygosity for factor V Ix-idcn. V F F 

occurredd in 17'.6% of carriers with concomitant disorders, compared with 1.6%) 

off single factor V Leiden carriers (p=0.()()l). Our data support the hypothesis 

thatt the wide spectrum of clinical expression of factor V Leiden depends on 

clusteringg of throinbophilic disorders. 

Thee estimated risk of VTL at high levels of factor VIII:C and TAFI, respectively, 

iss in line with the results of previous studies. A recent study in unselected families 

showedd an absolute annual risk (0.27%) in factor V loeiden carriers who also had 

factorr VIII:C levels =1.10%, corresponding with the here reported risk (0.3,1%) 

'".. The relative risk of \ T L associated with high levels of TAFI (3.0, 1.1-8.2) is 

comparablee with the finding of van Tilburg et al., but they did not demonstrate 

ann additional risk of high TAFI levels in factor V Leiden carriers l2. Although 

highh levels of 1 actor XI:C were associated with an increased risk of VTL, 

comparablee to the relative risk reported from a recent case-control study, we did 

nott demonstrate statistical significance (odds ratio 1.7, 95% CI 0.6-1.9) ". This 

mightt be explained by the smaller size of our study group. 

Highh Lp(a) levels were not associated with an increased risk of VTF (odds ratio 

1.93,, 9.1% CI 0.7-,!.7). In a previous analysis of a larger number (392) of factor V 

Leidenn carriers and non-carriers, that included the present study population, we 

foundd no differences in Lp(a) levels comparing subjects with (median 80 mg/L) 



andd those without ((if) mg/L) VTE (p=().24) . Although these findings are in 

agreementt with the results of two case-control studies,21,22 two other studies 

demonstratedd an increased risk of \ T E at Lp(a) levels >30() mg/L ' '•'•'. To estimate 

thee contribution of high levels of factor VIILC, factor XI:C, TAFI and Lp(a), 

separately,, relative risks were adjusted for age, sex, other concomitant disorders 

andd exposure to exogenous risk factors. Adjusted hazard ratios, though not 

statisticallyy significant, suggested a 2.7 and 1.8-fold higher risk in carriers who 

hadd high levels of factor VIILC and TAFI, respectively. High levels of factor 

XI:CC and Lp(a) did not influence the risk of VTE in carriers of factor V Leiden. 

Thee clinical implications of concomitant risk factors depend on die absolute 

ratherr than the relative risk of VTE. The absolute annual risk as we have reported 

fromm the original family cohort study, was 0.45% in relatives who carried factor V 

Ixiden,, as compared with 0.10% in non-carrier relatives l. The here presented 

resultss show annual incidences in carriers, ranging from 0.35% to 1.11% for various 

concomitantt disorders. Single factor V Leiden carriers will consequently have a 

lowerr absolute risk. The annual incidence in this subgroup which contained 40% 

off carriers, was 0.09% and hence comparable to the absolute annual risk in non-

carriers11 and to the risk in die general population 2 \ This finding may explain 

whyy many factor V le iden carriers will never develop VTE. It emphasizes die 

needd for risk stratification and, accordingly, recommendations concerning 

prophylaxiss and treatment of VTE in factor V loeiden carriers. 

Ourr study has obvious limitations. First, we were able to analyse only some ot the 

factorr V Leiden carriers, who enrolled in the original study, but overt selection 

biass seems unlikely. Second, as non-carriers were excluded from additional testing, 

wee missed the opportunity to compare die distribution of concomitant thrombo-

philicc disorders in earners and non-carriers and to assess clustering in non-carriers. 

Consideringg the low absolute annual risk of VTE in single factor V Ijeiden carriers, 

andd the high prevalences and relative risks of high factor VIILC and TAFI levels, 

thee question raises whether the latter disorders are less frequently found in non-

carriers. . 

Itt will be clear that the presented results must be interpreted cautiously. However, 

theyy support the supposed co-segregation and interactions of an increasing number 

off prevalent, mild risk factors in symptomatic factor V Ixiden carriers. Further 

studiess are warranted to establish our findings. Extensive testing of concomitant 

disorderss in carriers will become important in clinical practice if it enables us to 

identifvv carriers who are at either low or high risk for VTE. 



Inn conclusion, high levels of factor VIII:C and TAFI arc mild risk factors for 

V 1 F ,, that arc frequently found in factor V le iden carriers and substantially 

contributee to their risk for \ T F . This could not be demonstrated for high levels 

off factor XI:C and Lp(a). 

Acknowledgments s 
W ee would like to thank.JCM Meijers (Academical Medical Center, Amsterdam) 

forr performing measurements of factor XI:C and TAFI and J IT Brouwer for 

collectingg the plasma samples. 

References s 
1.. I^ine DA, Mannucci PM, Bauer KA, el al. Inherited thrombophilia: Part l. Thromb Haemost 

1990;; 70: 0.11-62. 

2.. Svcnsson PI, Dahlback B. ResislaJice to activated protein C as a basis lor venous thrombosis. N' 

Hng.JMedd 1991; 330: ,117-22. 

3.. Bertina RM. Koclcman B l \ Koster T, et al. Mutation in blood coagulation factor V assoeiated with 

resistancee to actuated protein C\ Nature 1991; 369: 6 1-7. 

700 1- Midrieldorp S, Henkens CMA, Koopman MM, el al. ' t he incidence ol ATI' , in family members of 

patientss with factor V Ixiden mutation and venous thrombosis Ann Intern Med 1998; 128: 1,1-20. 

.1.. Ijcnsen RP, Bertina RM.de Ronde H,et al. Venous thrombotic risk in liimily members olunselecled 

individualss with factor V Ix'iden. Thromb Haemost 2000; 83: 817-21. 

0.. Neligsohn I ' , Xivelin A. Thrombophilia as a niulligenic disorder. Thromb I laemosl 1997; 78:297-

301. . 

7.. v;m Boven I IH, Reitsma PH, Rosendaal 1;R, et al. Factor V Leiden (FV R.106Q) in families with 

inheritedd aiilitliromhin deficiency.Thromb Haemost 1090'; 7.">: 117-21. 

8.. Koclcman IIP, Reitsma PH, Allaait I T , et al. Activated protein C resistance as an additional risk 

factorr for thrombosis in protein C-dcliciciil families. Blood 199 t; 8 I: 1031-.). 

9.. /o i ler B, Benitsdolter A, Garcia de hVutos P, el al. Resistance to activated protein C as an additional 

geneticc risk factor in hereditary deficiency of protein S. Blood 199.); 8.3: 3.118-23. 

10.. Meinardi JR. Middeldorp S. de Kim PJ, el al. Risk of venous thromboembolism in caniers of 

laclorr \ ' l e iden with a concomitant inherited thrombophilic defect: a relros])eetive analysis; Blood 

Coagull Fibrinolysis 2001; 12: 713-20. 

11.. Meijers JCM, Tekclcnburg WI.I I, Bouina H.N, el al. I ligh levels of coagulation factor XI as a risk 

laclorr for venous thrombosis. N KnglJ Med 2000; 3 12: 096-701. 

12.. van Tilburg NH, Rosendaal PR, Bertina RM. Thrombin aclivalablc fibrinolysis inhibitor and the 

riskrisk for deep vein thrombosis. Blood 2000; 9.1: 28.1,1-9. 

13.. Mclean J\V, Tonilinson JK, Kuaiig \VJ, et al. cDXA sequence of human apoliprolein (a) is 

homologouss lo plasminogen. Nature 1987; 300: 132-7 

11 1. von Depka M, Nowak-Gottl I , Fiscrt R, et al. Increased lipoprotein (a) lewis as an independent 

riskrisk factor for venous thromboembolism. Blood 2000; 96: 33(11-8. 

http://RM.de


1.5.. Nowak-Goltl I ' , Junker R, Hailmeier M, el ;il. Increased lipoprotein^) is an impoilant nsk factor 

lorr \ T E in childhood; Circulation 1999; 100: 7 13-8. 

Hi.. Frezzalo M, Tosctto A, Rodeghicro F. Validated questionnaire lor the identification of prcrious 

personall or familial \ T E . Am J Epidemiol 19%; 1 13: 12.57-6,5. 

17.. DanncbergJ, Abbes AP, Bruggeman BJ, el al. Reliable genotypingof the G-20210-A mutation ol' 

coagulationn factor II (protlirombin). Clin Chem 1998; II: 319-51. 

18.. Schatteman KA, Goosens F], Scharpe SS, et al. Assay of Procarboxypeptidase l , a Novel 

Determinantt of the Fibrinolytic Cascade, in Human Plasma. Clin Chem 1999; 1.5: 807-13. 

19.. Ijensen R, BeHina RM, VandenbrouckeJP et al. High factor VIII levels contribute to the thrombotic 

nskk in families with factor V Uiden . Br J Haemal 2001; 111: 380-6. 

20.. Iibourel FJ, Bank I, Hamulyak K, et al. Elevated lipoprotein (a) lewis, not a risk factor for venous 

thromboembolism.Thrombb Hemost 2001; 86: 1402 (Abstract). 

21.. I ippi G, Bassi A, Brocco G, et al. I jpoprotein(a) concentration is not associated with \ T E in a case 

controll study; Haematologica 1999; 81: 726-9. 

22.. Mar/. \V, Trommlitz M, Schaner I, et al. Apolipoprotein (a) concentrations are not related to the 

liskk of venous thrombosis. Blood Coagul Fibrinolysis 1991; 2: .59,5-9. 

23.. Nordstrom M, Iindblad B, Bergqvist D, et al. A prospective study of the incidence of deep-vein 

thrombosiss within a defined urban population. J Intern Med 1992; 232: 1.5.5-60. 





chapter r 6 6 
Acquiredd and Inherited Thrombophilic Factors and the 

Riskk for Residual Venous Thrombosis 

Ivann Bank1, Lidwine W. Tick2, Barbara A. Hulten:\ Mark H.H. Kramer-, 
Saskiaa Middeldorp1 and Hany R. Biillcr1 

'Departmentt ol Vascular Medicine, Academic Medical Center, I niversity of Amsterdam, 
'Departmentt of Internal Medicine, Meander Medical Center, Amersfoort, and 

'Departmentt ol Clinical epidemiology and Hiostatistics, Academic Medical Center, 

1'niversityy of Amsterdam, The Netherlands. 

Submittedd for publication 



Abstract t 
Acquiredd and inherited thrombophilic factors increase the risk for (recurrent) 

venouss thrombotic disease. However, little is known about the pathophysiological 

mechanismss causing these recurrences, or persistence of thrombosis despite 

adequatee treatment. Because residual thrombosis has been associated with worse 

prognosticc outcome, we have studied the prevalence of residual thrombotic lesions 

alterr anticoagulant treatment in patients with dee]) venous thrombosis of the leg 

andd thrombophilia. Thrombotic parameters as assessed by ultrasonography after 

aa 12-week course of'anticoagulants were used. 

Bothh thrombophilia in general and acquired thrombophilia in particular were 

foundd to be associated with the extent of residual thrombosis. Of the individual 

thrombophilicc factors, protein C deficiency, prothrombin 20210A mutation, active 

malignantt disease and lupus anticoagulant were associated with increased risk of 

residuall thrombotic mass. 

Patientss with inherited thrombophilia did not differ from patients without any 

thrombophilicc abnormality concerning residual thrombotic mass (RR:1.3 (0.9-

1.8)),, while acquired thrombophilic disorders increased the risk for residual 

thromboticc mass as compared to patients without any defect (RR: 1.7 (1.2-2.2)). 

However,, the mechanisms by which various thrombophilic disorders cause 

persistencee of thrombotic lesions remain unknown, and the usefulness of 

thromboticc parameters for clinical practice will have to be investigated. 



Introduction n 
Acquiredd aud inherited thrombophilic factors are associated with a tendency to 

developp venous thromboembolism (VTK). Although it is known that some 

(acciuired)) thrombophilic states, lor example the antiphospholipid syndrome, 

malignancyy and elevated clotting factor VIII:c, as well as persistence ol thrombotic 

obstruction,, increase the risk for recurrence of VTE, little is known about the 

pathophysiologicall mechanisms causing these recurrences '"\ 

Sincee residual thrombosis may be an important risk factor for recurrent thrombotic 

disease,, it would be interesting to know whether the presence of thrombophilia 

influencess the location and extension of thrombotic lesions and their recovery 

alterr treatment with antithrombotic agents l. One may hypothesise that thrombotic 

lesionss of thrombophilic patients do not resolve as well as lesions in patients 

withoutt such abnormalities. 

Too examine whether thrombophilia is associated with the extent of residual 

thrombosiss after anticoagulant treatment, we used the dataset of a clinical trial on 

secondaryy prophylaxis of VTE in patients with acute proximal deep venous 

thrombosiss of the leg (DVT) '. 

Methods s 
Studyy Population and Design 

Patientss with symptomatic DVT from two Dutch teaching hospitals participating 

inn a dose-finding study, described in detail elsewhere, comprised the study 

population•'.. In brief, this study was a multicenter double blind trial on the dose-

effectt relationship of subcutaneous longacting pentasaccharide (Idraparinux; 

Organon,, Oss, The Netherlands and Sanoli-Synthelabo, Paris, France) versus 

ann oral vitamin K antagonist (Warfarin) in the 12-week treatment of secondary 

prophylaxiss of VTE. Patients were randomised to either Idraparinux 2.<> mg, 5 

mg,, 7.5 mg, 10.0 mg or vitamin K antagonist after approximately one week of 

low-molecularr weight heparin (Enoxaparin 2dd 0.1 ml/kg). One of the primary 

ellicacyy outcome parameters was the composite of change in thrombotic burden 

ass assessed by compression ultrasonography (CUS) and perfusion lung scanning. 

Ultrasonography,, using real time li-mode with compression only, was performed 

usingg a standard 5 to 12 M i l / linear array transducer and was performed by the 

samee radiologists in each centre. Veins were scanned in the transverse plane 

only.. In all patients common femoral, superficial femoral and popliteal veins 

weree evaluated, without attempts lo identifv isolated calf vein thrombosisUJ. 



Thee first Cl S (Cl S1) was performed at the day at which Idraparinux or warfarin 

weree started, the second ultrasound (Cl S2) was performed alter 12 weeks of" 

treatment. . 

Patientss with a history of" D \ T in the ipsilatcral leg in which acute D \ T had 

heenn diagnosed could participate if complete normalisation of thrombosis in 

thatt leg had been documented prior to the recurrent symptomatic D V I . 

Forr the present analysis, all patients who had completed the study and in whom 

screeningg tor thrombophilia had l>eeii performed, were included. Since the study 

resultss showed a comparable efficacy outcome with respect to dirombotic burden 

(Cll S and ix.-mision lung scan parameters together) in patients treated with Idraparinux 

2..11 mg, 5 mg, 7.5 mgand warfarin, we pooled die data for the present analyses. 

Residuall Thrombotic Lesions 

Thee main outcome for this analysis was residual thrombus mass alter 12 weeks 

off treatment as measured by compression ultrasonography. 

'Residuall thrombus mass' was used to label the state of no full recovery of 

thrombuss mass after three months of treatment. 'Normalisation' was defined as 

aa diameter of less than or equal to 2 mm at each of the three sites. 'Deterioration' 

wass defined as an increase in diameter of more than 2 mm or a thrombus growth 

off nlore than 25% at any site. Other results were classified as 'no relevant change'. 

Thee thrombus location was defined by the location of non-compressibility at the 

levell of either at the popliteal, superficial femoral or common femoral vein. 

Screeningg for Thrombophilia 

Thrombophiliaa was defined as having active malignant disease or the antiphos-

pholipidd syndrome (acquired thrombophilia) or having abnormal test results for 

otherr (hereditary) thrombophilic defects. Antithrombin deficiency, protein S 

deficiency,, protein C deficiency, Factor V leiden mutation, prothrombin 20210A 

mutation,, mild hypcrhomocysteinemia and elevated FVIIFc were considered to 

bee hereditary thrombophilic factors. 

Antithrombinn antigen concentrations were measured using the Asseraplate 

Antithrombinn Kit (lioehringer, Mannheim, Germany)M. Protein C activity was 

measuredd by using the Protein C Reagent Kit (Behringwerke, Marburg, Germany)''. 

Concentrationss of total and free protein S were measured by ELLS A using rabbit 

antiproteinn S polyclonal antibody (DAKO, Glostrub, Denmark) and the L5C4 

antiproteinn S monoclonal antibody (Serbio, Gcnnevilliers, France)"1. Lupus 

anticoagulantt was determined using a panel of coagulation tests, including the 



activatedd partial thromboplastin time (aFFT), the dilute Russel viper venom time 

( d R W T )) and the kaolin clotting time (KCT), while anticardiolipin antibodies 

weree detected and quantified by LLISA". Factor V Leiden mutation (FVL) and 

prothrombinn 20210A mutation were determined by standard polymerase chain 

reaction-basedd assays as described before l213. Homocysteine measurements 

includingg a loading test were performed. Total (free plus protein bound) 

homocysteinee concentrations were measured by using tri-n-butylphosphine as 

reducingg agent and ammonium 7-fluorobenzo-2-oxa-l,3-diazole-4-sulphate as the 

fluorochromophore,, followed by high-pressure liquid chromatography with 

fluorescencee detection' l . Clotting factor VIII (FVIILc) was measured by an one-

stagee clotting assay, three months after the diagnosis of DVT 1 ' . 

Thee following reference values were used: antithrombin: 80 to 120%; total protein 

S:: 65% to 120%; free protein S: 26% to 120%; protein C activity; 65% to 130%; 

elevatedd FVIILc: > 1.50%; homocysteine: fasting res. after loading levels in women 

<18.33 microMol/L and < 56.2 microMol/L and in men <1(>.9 microMol/L res. 

<47.00 microMol/L. 

Statisticall Analysis 

Patientss with individual thrombophilic factors or with combinations of thrombo-

philicc factors were compared to individuals without thrombophilia (reference 

population). . 

Forr the comparisons among patients with different thrombophilic factors, Chi-

squaree tests were applied for comparing distribution of dichotomous data, and 

relativee risks (RR) and their corresponding 95% confidence intervals (CI) were 

calculated.. P-values of <0.0 .J were considered to be statistically significant. 

Results s 
Studyy Population 

AA total of 64 patients were eligible for analysis (44%) male, mean age .34 years). 

Tablee 1 lists the observed thrombophilic defects. One or more defects were 

foundd in 53% of patients, while k>% of all patients had an inherited thrombophilic 

defect.. Patients with thrombophilia were comparable with respect to sex (p=0.7) 

andd age (p=0.2) to those without thrombophilia. Of the individual thrombophilic 

defects,, factor V loeiden mutation was the most prevalent (20%)). Two patients 

(3%)) had an active form of malignant disease. None of the studied patients 

developedd recurrent VFL during the study or one-month follow-up period. 
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Tablee 1 Thrombophilie lactors m patients (n.'Yi). 

Patientss with any thrombophilie factor 
Thromlx>phihcc factors 

Factorr V loeiden imitation" 
Mildd h\perhoinocysteiiicinia 
Elevatedd F\'III:<-
Proteinn S deficiency 
Protliroiiibinn 20210A mutation" 
Positivee aiiücaidiolrpiii antilxxly It̂ (i 
Positivee aiiticardiolipin antilxxly IgM 
Proteinn C deficiency 
Lupuss anticoagulant 
Activee malignancy 

Patientss with a combination of ihrombophilic lactors 
Patientss with inherited thrombophilia 
Patientss with acquired thrombophilia * 
Patientss without ihrombophilic factors 

:n n 

in n 
12 2 
li i 

2 2 
2 2 
2 2 
2 2 

11 1 
2!» » 

,> > 
30 0 

LLrrM) M) 

(20) ) 

(19) ) 
(17) ) 

(M) ) 
C-5) ) 

ÏA) ÏA) 
(H) ) 
( 17 ) ) 

(1.3) ) 

(S) ) 
( 1 7 ) ) 

"" all were heterozygous carriers.= This jjroup includes patients with protein S and (_' deficiency, lactor V 
Ix:idcnn mutation, Prolhronibin 20210A mutation, mild hyperhoinocysleinemia and elevated FYIIhc. 
' 'Thiss group includes patients with malignancy, positive luj)us anticoagulant and positive anlicardiolipin 
antibodies s 

Thrombo t i cc Parameters 

Theree were no statistically significant ultrasonographic differences on the first 

compressionn ultrasonographic assessment between patients with and without 

thrombophilia. . 

Off the three locations, the popliteal vein was most frequently non-compressible 

onn both CUS measurements (Table 2). After 12 weeks of anticoagulant treatment 

residuall thrombotic lesions in the popliteal vein were more often present in 

patientss with thrombophilia as compared to patients without thrombophilia (RR: 

2.33 (1.0-3.2)). Furthermore, patients with acquired thrombophilia had more often 

residuall thrombotic mass in the popliteal vein as compared to patients with 

inheritedd thrombophilia (RR: 1.7 (1.2-2.3)). 

Theree were no differences in the states 'deterioration' or 'no relevant change' at 

thee various locations when various groups were compared (thrombophilia vs. no 

thrombophilia;; groups of ihrombophilic disorders vs. no thrombophilia; individual 

thrombophiliee defects vs. no thrombophilia). For example, 'deterioration' 

occurredd in 3% of all patients with thrombophilia as compared to 1% in patients 

withoutt thrombophilia (RR: 0.9 (CI: 0.2-4.1)) and 'no relevant change' was found 

inn ,>() percent ol all thrombophilie patients compared to 43% of patients without 

thrombophiliaa (RR: 1.2 (0.9-1.6)). Patients with one thrombophilie factor did 

nott dilfer from patients without thrombophilie defects with respect to residual 



Tabicc 2 locations ol non-conipressibilily on compression ultrasounds 1 and 2. 

Thrombophilicc Non-compressibility Non-compressibility Non-eomprcssibililv 
factorr of popliteal vein of superficial femoral of common femoral 

(n,, %#) vein (n, %#) vein (n, %#) 

cusll cus2 cusl cus2 ens 1 

Noo tliroinlx>pliilia 
Anyy ihromlx>pliilia 
Factorr V leiden imitation 
Mildd hyperhomocystcinemia 
KJevatedd FYIIIx 
Proteinn S deficiency 
Prothrombinn 20210A mutation 
Proteinn C deficiency' 
Ln])uss anticoagulant 
Activee malignancy 

222 (7-5) 
300 (88) 
122 (92) 
100 (83) 
99 (82) 
22 (67 

inn 3 (100) 
22 (100) 
22 (100) 
22 (100) 

99 (30) 
233 (08) 

77 (.3.3) 
88 (67) 
8(71) ) 
22 (07) 
33 (100) 
22 (100) 
22 (100) 
22 (100) 

133 (13) 
199 (.36) 
99 (69) 
66 (.30) 
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percentagee ol total niimlxT of patients with lhromlx)philic factor 

thromboticc mass on the second CUS (RR: 1.3 (0.9-1.8)). However, patients with 

threee thrombophilic factors had an increased risk for residual thrombotic mass 

ass compared to patients without thrombophilia (RR: 1.7 (1.2-2.2)). 

Patientss with inherited thrombophilia did not differ from patients without any 

thrombophilicc abnormality (RR: 1.3 (0.9-1.8)), while acquired thrombophilic 

disorderss increased the risk for residual thrombotic mass as compared to patients 

withoutt thrombophilia (RR: 1.7(1.2-2.2)). As compared to inherited thrombophilia, 

acquiredd thrombophilia increased this risk as well (RR: 1.3 (1.1-1.6)). 

Whenn individual thrombophilic factors were compared to the control group, 

proteinn C deficiency, prothrombin 20210A mutation, lupus anticoagulant and 

activee malignancy were risk factors for residual thrombotic mass at the second 

CUSS (all relative risks are 1.7 (1.2-2.2)). Transient risk factors for VTE (e.g. 

immobilisation,, use of oral contraceptives), use ol pentasaccharide or warfarin, 

sex,, age, and weight were not associated with important effects on ultrasonographic 

thromboticc parameters. 

Discussion n 
Thee results of this study show that patients with thrombophilia, in particular acquired 

conditions,, have an increased prevalence of residual thrombotic mass in the central 

venouss tract, as assessed by CUS alter a 12-week course of antithrombotic therapy. 

Thiss was most notable in the popliteal vein. Of thee individual thrombophilic factors, 
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proteinn C deficiency, prothrombin 202tOA mutation, active malignant disease 

andd lupus anticoagulant were associated with increased risk of' persistence of' 

thromboticc burden. 

Ourr findings are consistent with die observed increased recurrence risk in patients 

withh malignancy or lupus anticoagulant, and the observation in a recently published 

studyy diat tfie risk for recurrence is considerably higher in patients with residual 

venouss thrombosis on ultrasonography as compared to patients with complete 

normalisationn lxl. The prospective study performed by Prandoni et al. found 

alsoo an association between thrombophilia and residual thrombosis, although 

screeningg for thrombophilia was less extensive than in our study, patients with 

malignancyy were not studied, and the primary outcome was recurrent thrombo

embolicc disease '. 

Thee mechanisms by which various thrombophilie disorders cause persistence of 

thromboticc lesions however remain unknown. 

Somee methodological issues warrant comment. First, although our study had a 

modestt sample size, we were able to detect significant risk increases. Second, we 

usedd a subsample of screened patients with DVT participating in a randomised 

controlledd study. The observed prevalence of thrombophilie defects in our study 

800 sample was however consistent with known cohorts of consecutive patients with 

venouss thromboembolism N>. 

Inn conclusion, patients with in particular acquired thrombophilia have an increased 

prevalencee of residual thrombotic mass, which may explain their higher risk lor 

recurrentt venous thrombosis. 
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Abstract t 
Post-thromboticc syndrome (PTS) is an often disabling long-term complication of 

deepp venous thrombosis (DVT). There is increasing e\ïdence suggesting that location 

off the thrombotic lesion could be of clinical importance. 4 nerefore, patients with 

flebograpfncc proven DVT who have not used compression stex'kings were studied in 

orderr to investigate whether locations of' DVT are related to risk for PTS. 

Fifty-ninee percent of all patients developed PTS, mostly within 18 months of 

followw up. The incidence rate of PTS in patients with a popliteal vein thrombosis 

wass 4.8% (2.4-8.6) per month of follow up, while these rates were 3.0% (2.1-4.2) 

andd 5.5% (2.5-10.5) for femoral, resp. iliofemoral location. Risk for PTS was not 

differentt at various locations (p=0.276), indicating that location of DVT is not an 

importantt risk factor for PTS. 



Introduction n 
Inn the past three decades the diagnostic and therapeutic management of patients 

withh deep venous thrombosis of the legs (DVD have improved substantially. 

However,, the management of an often disabling long-term complication of DVT, 

diee post-thrombotic syndrome (PTS), has not been optimised. FPS develops in 

aboutt .50% of patients with a first episode of DVT, and the use of elastic stockings 

iss so far the only known effective preventive option '. Although the precise 

mechanismm of development of PTS remains unclear, a combination of factors is 

thoughtt to cause this complication. Damage to venous valves and outflow 

obstructionn are presumed to be the most important determinants 2-\ 

Ass has been shown for risk of venous insufficiency, location of DVT might also 

playy a role in the development of PTS, although data are conflicting : u . For 

example,, Johnson et al. found that both popliteal and tibial thrombosis are 

associatedd with an increased risk for PTS '. An other study however stated that 

DVTT extending above the knee joint into the femoral or iliac vein leaded in 

aboutt 7,5% of patients to mild to severe symptoms of PTS *'. However, when 

comparedd to a reference group, this finding showed not to be of any statistical 

significance. . 

Moree knowledge about an association between location of DVT and FPS, if any, 

mightt contribute to our understanding of this disease and be of use for the 

managementt of patients with DVT. Therefore, we performed a subanalysis of 

dataa from an earlier reported prospective cohort study which evaluated the effect 

off compression stockings, to examine whether the location of DVT is related to 

thee risk f "or PTS '. 

Methods s 
Thee design of the earlier reported study on the usefulness of stockings in patients 

withh acute DVT in the prevention of FPS has been described in detail elsewhere '. 

Briefly,, ninety consecutive patients, treated for acute venographic proven DVT, 

butt not randomised to the use of compression stockings, were eligible for inclusion 

inn this analysis. All patients were treated widi unfractionated heparin for at least 

55 days, and vitamin K antagonist therapy was continued for three months <INR 

wass maintained between 2.0 and 8.0). They were followed up for at least 5 years. 

PTSS was classified by an independent adjudication committee by the only clinical 

scalee diat has been validated for Üiis purpose '. PTS was considered present if a 

scoree of 3 or higher plus at least one objective symptom was recorded on two 



consecutivee follow-up visits. Symptoms during the first 3 months of treatment 

weree not labelled as post-thrombotic. 

Threee categories were used to classify the location of the thrombosis, according 

too the most proximal vein segment involved: 1. vena poplitea; 2. vena femoralis 

(superficiall or common femoral veins); 3. iliofemoral {iliac and femoral veins). 

Incidencee rates with 9.5% confidence intervals were calculated for the occurrence 

off post-thrombotic syndrome. Observation months were defined as all months 

sincee date of inclusion or until the date of establishment of 1*TS. 

Results s 
Flebographicc results of .50 men and 40 women were evaluated. Their mean age 

wass 59 (standard deviation: 17) years. All individuals except two that were lost to 

follow-up,, and 12 who died during the study, completed follow up. Five patients 

diedd because of complications ol malignant disease, three patients because of 

cardiacc disease and four with other, non cardio-vascular, causes. 

Sixty-ninee percent of patients had a thrombus involving the femoral vein, while 

18%% had a thrombus at the popliteal location, and in 18% the iliofemoral site was 

involved.. Of all of our studied individuals, 55 (.)9%) developed mild to severe 

PTS,, mostly within 18 months of follow-up. 

Theree were 228 months of follow up in individuals with the popliteal area involved, 

10988 and 163 for the femoral, respectively iliofemoral location. In the popliteal 

groupp 11 (69%) patients developed PTS, in the femoral and the iliofemoral group 

333 (5'A%) and 9 (7.)%), respectively. The incidence rate of PTS in patients with a 

popliteall thrombosis was 1.8% (9.)%CI: 2.1-8.6) per month of follow-up, while 

thesee rates were 3.0% (2.1-1.2) for femoral thrombosis and 5.5% (2..5-10..)) for 

thee iliofemoral location (p= 0.276). None of the patients lost to follow-up had 

F II S at last visit. 

Discussion n 
Ourr analysis of various locations of venous abnormalities in patients presenting 

withh symptomatic proximal DVT did not reveal differences in risk for P I S . This 

iss in accordance to the results ol another prospective study on thrombotic 

parameterss and their association with PTS, using also venography for the diagnosis 

off DVT '". Furthermore, our data are in accordance to the findings of another 

studyy showing that more than two thirds of patients with vena poplitea thrombosis 



developp WS \ Nevertheless, in contrast to our study, Johnson et al. found that 

popliteall thrombosis increased risk for PTS more than 3-fold as compared to 

otherr locations. Differences in significance of risks between both studies are likely 

explainedd by methods used for diagnosis of D V T (venography vs. duplex 

ultrasonography),, because duplex ultrasonography is less accurate in the diagnosis 

off DVT 7. However, this difference may also have been caused by the lack of 

statisticall power of our study. Nevertheless, none of the individuals studied was 

usingg compression stockings or bandages, the so far only known intervention for 

preventionn of PTS. 

Aldioughh this study has not brought possible new determinants that may be used 

forr the prevention of PTS, it is clear Üiat monthly incidence of PTS is high in 

patientss with DVT who do not use stockings. So, counseling of patients on 

possibilityy of PTS widi the intention to optimise compliance of the use of elastic 

stockingss remains so far the only possible option. 
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Abstract t 
Combinedd oral contraceptives are increasingly used since they have been intrcxluced. 

However,, there are also data indicating that they are associated with cardiovascular 

disease. . 

Heree we give an overview of die effects of oral contraceptives on die cardiovascular 

system.. These effects are mostly type-dependent and Üiey interact with individual 

characteristicss of die users. 

Third-generationn oral contraceptives cause an increased risk of venous thrombo

embolismm as compared to second-generation preparations, which is probably due 

too a stronger negative effect on the natural anticoagulant and antifibrinolytic system, 

l l i i ss effect is even more pronounced in women with inherited thrombophilic factors 

diatt are associated with venous thromboembolism. 

Orall contraceptives increase also risk for myocardial infarction and stroke. However, 

diiss risk seems to be limited to women with often other risk factors such as smoking 

andd hypertension. Furthermore, die attributable risk of oral contraception on diis 

riskk is much lower dian, for instance, smoking itself. Although third-generation 

orall contraceptives have a beneficial effect on lipid profiles, diis does not seem to 

bee translated into a lower increase in risk. 

Benefitss of use of oral contraceptives need to be balanced against die disadvantages 

off these drugs in order to decide whedier Üiey should be used. 



Introduction n 
Thee introduction of oral contraceptives in die late 19.>0s has altered society and 

hass even led to radical demographic alterations. Currently, combined oral 

contraceptivess are the most effective and most easily reversible method of 

contraception.. They have the best 'pearl index' (i.e., the number of pregnancies 

occurringg despite the use of contraception in 100 women during one year) '2 . 

Orall contraceptives are also used for other indications, such as treatment of 

menstruall disorders. The widespread use of oral contraceptives has given rise to 

concernss about possible side effects, especially cardiovascular disease. Initial case 

reportss on fatal thromboembolic disease in young women who used oral 

contraceptivess have led to a multitude of studies that have assessed the risk for 

venouss and arterial disease in relation to the use of these drugs, as well as assessing 

thee potential underlying hemostatic and metabolic mechanisms H". This chapter 

reviewss the epidemiology of cardiovascular disease in relation to the use of oral 

contraceptives,, as well as the presently known underlying mechanisms of 

cardiovascularr tlisease in oral contraceptive users. 

Typess of Oral Contraceptives 
Hormonall contraceptives are female sex steroids. They can take the form of a 

syntheticc estrogen combined with a synthetic progesteron (progestagen), or a 

progestagenn only. They are mostly administered orally, but they are sometimes 

givenn intramuscularly. The combinations of estrogens and progestagens have 

theirr contraceptive effect by selective inhibition of pituitary function that results 

inn inhibition of ovulation. The combined agents also produce a change in cervical 

mucuss and in the motility and secretion in the tubes, decreasing the likelihood of 

conceptionn and implantation. Use of progestagens alone does not always inhibit 

ovulationn but does produce the latter effects. 

Combinedd oral contraceptives are often classified according to the type of 

progestagens.. The so-called first-generation pills contain norethisterone (acetate), 

lynesterol,, ethynodiolacetate or norethynodrel; they are not used any more. The 

presentlyy available oral contraceptives are second-generation pills, which contain 

norgestrel,, levonorgestrel or norgestrinone, and third-generation combined oral 

contraceptives,, which contain desogestrel, norgestimate or gestodenc. The second-

andd third-generation progestagens are combined with 20 - ,>0 ug ethinyl estradiol 

(\sub-.)00 pills'). 



Epidemiologyy of Oral Contraceptives and Cardiovascular Disease 

Orall Contraceptives and Venous Disease 

Riskk for Deep Venous Thrombosis and Pulmonary Embolism 

Venouss thromboembolism ( \TE) is a common disorder with an overall annual 

incidencee in Western- populations of 2-3 per 1000 inhabitants, that increases 

withh age ''. 

Inn young women, VTE is the most common cardiovascular event. Its reported 

incidencee varies between 0.4 and \.5 per 10.000 women-years in women aged 

2.5-299 years, and between 0.6 and 8.0 per 10.000 women-years in the age group 

off 40-44 years /K. Deep venous thrombosis of the lower limbs and pulmonary 

embolismm are the most common presenting features, but a partial or complete 

occlusionn of a vein by a thrombus may also occur at other sites. 

Sincee the first report that suggested a relationship between oral contraceptives 

andd the occurrence of VTE in a 40-ycar-old woman, many studies on this potential 

associationn have been performed l. In Table 1, recent epidemiological studies of 

thee risk for VTE in women who use the pill as compared to non-users are 

922 summarised. For users of first-generation pills, the risk for VTE is 3 - to 6 - fold 

increased.. It has been consistently reported that the use of second-generation 

Tablett Risk of venous thromboembolism in women using different generations of oral contraceptives versus 
non-users. . 

First t 
generation n 

(( )dds Ratio 

(95%CI) ) 

. . 
3.-1(1.. -1-7.9) 

--
--
6.2(3.8-10.2) ) 
5.7(3.1-9.1) ) 

--
--
--
--
--
--
--
. . 

Second d 
generation n 

()ddss Ratio 

<95%C1) ) 

3.5(2.6-1.7) ) 
3.6(2.5-.;.. 1) 

2.8(2.1-3.8) ) 

--
3.6(2.6-4.8) ) 
3.2(2.3-1.3) ) 

--
1.8(1.1-2.9) ) 
3.3(1.9-5.7) ) 

1.7(0.3-10.5) ) 

--
--
--

3.6(0.9-15.0) ) 

Tliird d 
generation n 

Oddss Ratio 

(95%CI) ) 

9.1(5.6-11.7) ) 

7.1(1.2-12.9) ) 
12.2(1.8-31.4) ) 

--
5.3(3.8-7.3) ) 
1.8(3.4-6.7) ) 

--
3.2(2.3-4.4) ) 
8.7(3.9-19.0) ) 
1.1(1.0-18.7) ) 

--
--
--

7.6(2.8-20.9) ) 

Tlurdd vs. second 
generation n 

Oddss Ratio 

(95%CI) ) 

2.6 6 

2.1 1 
4.4 4 
1.9 9 

1.5 5 
1.5 5 
1.3 3 
1.8 8 
2.6 6 
2.6 6 

3.5 5 
1.9 9 

2.3 3 
2.1 1 
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W H OO 1995 m 

W H OO 1995 m ' 
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Jickk 1995" 

Uwi$l996Uwi$l996lM lM 
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Fannerr 1997 '" 
Ijdegaardl998M M 

Bloetnenkanipl9999 m 

Vastlakisl99910il l 

Henngss 1999 12 

Jickk 2000"" 

Jickk 2000"" 
Parkinn 2000'" 



pillss is associated with a 2 -to 4- fold increase, while during use of third-generation 

pillss this risk is increased 3- to 12- told. The risk of VTE seems more enhanced 

hyy the use of'third than by second-generation oral contraceptives, with reported 

oddss ratio's varying from 1.3 to 4.4. The absolute risk for VTE in women using 

second-generationn or third-generation oral contraceptives is estimated to be 

betweenn 1.6 and 3.1 per 10.000 women per year, and 2.9 and 5.0 per 10.000 

womenn per year, respectively <U(1. The increase in risk is most pronounced in 

'first-time'' users, and decreases over time 1UL\ There are no data available on die 

riskk for recurrence of VTE in relation to continued use of oral contraceptives 

alterr a first episode. 

T h ee Risk for Oral Contraceptive-related Venous Thromboembol i sm in High-

riskrisk W o m e n 

Sincee the baseline risk for VTE in women with inherited thrombophilia is 

increased,, it is important to estimate the additional increase in risk caused by the 

usee of oral contraceptives in this population. 4 he risk for VTE in women with 

heritablee thrombophilic delects is found to be strongly enhanced by the use of 

orall contraceptives. Heterozygous factor V Leiden carriers who use oral 

contraceptivess have an approximately 30-fold increased risk compared with 

womenn who do not carry the mutation and do not use the pill m ' ' . Die same 

kindd of interaction has been reported for women with deficiency of protein C, 

proteinn S, or antithrombin, and for heterozygous carriers of the prothrombin 

20210AA mutation, with odds ratio's varying between 6.4 and 16.3 U,A'. Eor women 

withh increased levels of factor VIII, a known risk factor for V4T,, increase of risk 

duringg the use of oral contraceptives has been found to be merely additive (as 

opposedd to multiplicative), with an odds ratio of 10.3 as compared to women 

withh normal factor VIII levels who did not use the pill '*. 

Inn terms of absolute risk, the incidence has been found to be between 0.5% 

(95%Cl(95%Cl 0.1-1.4) and 2.0% (95%C\ 0.3-7.2) per year of pill use in women with the 

factorr V Leiden mutation, and 4.3 % (95%Cl 1.4-9.7) per year in women with 

deficiencyy of protein C, protein S or antithrombin l/,1<). At present, such absolute 

riskk estimates are not available in women with the prothrombin mutation. In 

womenn with factor VIII levels above 1.50% who use the pill, the absolute risk has 

beenn calculated to be approximately 6 in 10.000, based on a baseline estimate of 

0.77 per 10.000 women18 . 



Riskk for Cerebral Venous Sinus Thrombos i s 

Cerebrall venous sinus thrombosis is a very rare, but serious, potentially lethal disease 

withh an estimated absolute risk in premenopausal women of 4 per 1.()()().()()() -°. 

Hestt known risk factors are trauma, autoimmune diseases, pregnancy, puerperium, 

inheritedd thrombophilic risk factors and the use of oral contraceptives 2""-1. 

Orall contraceptives increase the risk of cerebral vein thrombosis in women 

approximatelyy 20-fold 2°-~'. As for deep venous thrombosis or pulmonary 

embolism,, there appears to he a multiplicative interaction between use of oral 

contraceptivess and hereditary thrombophilia. One study found an odds ratio of 

344 for cerebral vein thrombosis in women with either factor V Leiden or protein 

CC deficiency who also used the pill, whereas in another study an odds ratio as 

highh as 149.3 (31.0-711.0) in women with the prothrombin mutation who used 

orall contraceptives has been reported (both studies provided a comparison with 

womenn without a defect who did not use the pill) -1'21. Furthermore, women who 

usee third-generation combined oral contraceptives have been found to be at an 

evenn higher (2-fold increased) risk of venous sinus thrombosis as compared with 

womenn who use second-generation preparations -•', 

Orall Contraceptives and Arterial Disease 

Riskk for Myocardial Infarction 

Myocardiall infarction is caused by irreversible necrosis ol the heart muscle that 

resultss from prolonged ischemia. Nearly all cases of myocardial infarction are 

duee to the formation ol an acute thrombus that obstructs an atherosclerotic stenotic 

lesion.. Men are affected more often than women (the overall ratio is 4:1). 11 owe ver, 

beforee the age of 40 years the ratio is about 8:1, whereas beyond the age of .10 

yearss it decreases to 1:1 i , , i7. Next to the increase in age, cigarette smoking is an 

importantt risk factor for myocardial infarction in women -K. Although past use ot 

orall contraceptives does not seem to increase the risk ot this disease, many studies 

foundd a clear association between the current use ol the pill and myocardial 

infarctionn '•-l';n. In women who use any types of low-dose oral contraceptives, the 

relativee risk for myocardial infarction is 2.6 (1.7-3.8) H'. Although some data 

indicatee that the relative risk for myocardial infarction in third-generation oral 

contraceptionn users versus non-users is not increased, this could not be established 

inn two large case-control studies nrH,yt/. 

Theree is an important interaction with other risk factors for arterial cardiovascular 

disease,, such as smoking and hypertension, and the use of oral contraceptives in 

relationn to the risk of MI. In a large multicenter case-control study in women 



agedd o.-)-14 years, the risk ol death due to myocardial mlarction was 69 per 100.000 

inn hea\y smokers who used comhined oral contraceptives versus 0.1 per 1 ()().()()() 

inn non-smoking women who did not use oral contraceptives w. However, the 

riskk ol myocardial infarction attrihutahle to comhined oral contraceptives alone 

iss much lower than the risk attrihutahle to smoking alone, or the combination of 

thee two \ Alternatively, oral contraceptives could make atherosclerotic coronary 

arteriess more prone to arterial spasm 'AK?'9. 

Thee use ol progestagens alone is not associated with an increased risk of 

myocardiall infarction "'. 

Riskk for Ischemic Stroke 

Thee incidence of ischemic stroke in females aged 18-44 years is about 4.3 to 5.\ 

perr 100.000 women years l l M . A fatal ischemic stroke occurs in less than 0,5 per 

100.0000 for women under 15 years of age. Since the first case-report that raised 

tliiss issue, many researchers have studied the association between ischemic stroke 

andd use of oral contraceptives •'•UUM/. 

Onee ol the first case-control studies exploring the relationship between use of 

thee pill and ischemic stroke found a relative risk for ischemic stroke ol 3.1 

(9.)%CII 1.14-8.64) in a population using high-dose estrogen pills IH. A world wide 

studyy performed by the W H O revealed a relative risk of ischemic stroke in 

femaless who use oral contraceptives of approximately 3.0 (1.7-;).()) as compared 

too non-users, both in developed and developing countries '''. A recent meta

analysiss of Hi adequate studies investigating the risk of ischemic stroke in low-

dosee oral contraception users calculated a relative risk of 1.9 (1.4-2.7) in studies 

thatt were controlled for smoking and hypertension '0. No significant difference 

inn risk for ischemic stroke between women using second- or third-generation 

preparationss could be detected. 

Thee use of progestagen-only contraceptives does not increase the risk for ischemic 

strokee l 0H . 

Riskk for Hemorrhagic Stroke 

Approximatelyy 10 percent of strokes are due to hemorrhages into the brain 

parenchyma,, the subarachnoid space, or both, and another 10 percent are due 

too subarachnoid hemorrhage >2. 

Thee incidence ol hemorrhagic stroke is higher in women than in men and is 

estimatedd to be 5.6 per 100.000 women- years in women aged \5 - 44 years , s " . 

High-dosee oral contraceptives have been reported to be associated with an 



increasedd risk of intracerebral hemorrhage ''"'*, although this risk seems to be 

lowerr or not increased at all in women using low-dose estrogen oral contraceptives 

(reportedd relative risks ranging from 1.14 to 2.5) l'K,i. 

Thee risk lor hemorrhagic stroke may be higher among users of the pill who are 

alreadyy at higher risk for hemorrhagic stroke because of unruptured aneurysms, 

hypertensionn or smoking A,-m!)-,l"'('-,,(l. Data on potential differences between the 

effectss of second and third-generation pills on the risk of hemorragic stroke arc-

nott availble. 

Potentiall Mechanisms of the Effect of Oral Contraceptives on 
Cardiovascularr Risk 
Effectss of Oral Contraceptives on Hemostasis 

Hemostasiss is mediated by the coagulation system, which leads to the production 

off fibrin, and the fibrinolytic system, which is responsible for its degradation. 

Withinn both systems, several regulating mechanisms are known to maintain an 

optimall balance between coagulation and fibrinolysis in different situations. Oral 

contraceptivess influence the concentrations and activities of many factors of both 

coagulationn and fibrinolysis ,A't'\ 

Coagulationn is initiated by the tissue factor (TF)-factor Vila complex (the extrinsic 

pathway)) which leads (by the activation of factor X) to the formation of the key 

enzymee thrombin. Thrombin activates factor XI which maintains coagulation, 

andd katalyses the conversion of fibrinogen to fibrin. The extrinsic pathway is 

inhibitedd by tissue factor pathway inhibitor (TFPI). Furthermore, thrombin is 

generatedd via the intrinsic route, i.e. factors IXa and Villa (also called the tenase 

complex)) and factors Xa and Va (also called the prothrombinase complex). The 

formationn of thrombin (and thus fibrin) is regulated by natural anticoagulants, 

i.e.. antithrombin, and the protein C pathway, consisting of protein C and protein 

S.. Antithrombin is the primary inactivator of thrombin and factor Xa, but it also 

formss an irreversible complex with other activated coagulation factors. In the 

presencee of thrombomodulin, thrombin activates protein C (A PC), which together 

withh its cofactor protein S, inactivates factors Va and Villa. This results in a 

downregulationn of thrombin generation. 

Inn the presence of fibrin, the fibrinolytic system is initiated when tissue 

plasminogenn activator (t-PA ) binds to plasminogen, which is then converted to 

itss active form, plasmin. Plasmin catalyzes the degradation of fibrin, resulting in 

thee dissolution of the clot. The activity of plasminogen activators is inhibited by 



plasminogenn activator inhibitors (PAI-1 and PAI-2). Furthermore, coagulation 

andd fibrinolytic system are linked by thrombin-activable fibrinolysis inhibitor 

(TAFI).. Thrombin activates TAFI, which then downregulates fibrinolysis by 

inhibitionn of the binding between fibrin and plasminogen. 

Effectss on Coagulation and the Anticoagulant System 

Thee concentrations of many clotting factors are increased during use ol oral 

contraceptives,, such as factors VII, VIII, X and fibrinogen (,U)U", Moreover, 

prothrombinn fragment 1 +2, as a marker of thrombin formation, is known to 

increasee during use of oral contraceptives '",w'. 

Inn the natural anticoagulant pathway, the concentrations of protein S and to a 

lesserr extent aiititiirombin are reduced in plasma of women using the pill f,M'7. 

Furthermore,, die ability of activated protein C (APC) to downregulate coagulation 

byy inactivation of factors V and VIII diminishes during use of oral contraceptives, 

ass can be assessed by assays that measure APC resistance (,87°. 

Aldioughh initially it was assumed that most of tiiese effects are dose-dependent 

resultss of the estrogenic component of oral contraceptives, it is now clear that the 

progestagenicc component importantly modulates tiiis effect71"73. In a crossover 

study,, it was demonstrated that diird-generation pills (containing desogestrel) 

inducee greater increases in factor VII and prothrombin Üian second-generation 

orall contraceptives (containing levonorgestrel), and a more significant decrease 

inn factor V (i,i. However, no difference in markers of thrombin generation was 

foundd between die two generations. Interestingly, Üiere were clear differences 

betweenn both pills with respect to Üieir effects on die anticoagulant pathways. 

Bodii total and free protein S were markedly more decreased, and APC resistance 

moree pronounced, widi use of die diird-generation oral contraceptives Al*7'. 

Effectss on the Fibrinolytic System 

Increasedd fibrinolytic activity is observed during the use of combined oral 

contraceptives,, as measured by increased concentrations of plasminogen, tissue 

plasminogenn activator, and plasmin-antiplasmiii complexes and fibrin degradation 

productss (il. Progestagens seem to modulate the fibrinolysis-eiihancing effect of 

estrogenss 7,)'77. However, in overall functional tests of die fibrinolytic system, no 

enhancedd fibrinolysis is observed. This is probably attributed to a down-regulation 

off fibrinolytic activity by extra thrombin generation by die coagulation system via 

increasedd concentrations of TAFI. This inhibition of fibrinolysis is induced more 

byy use of diird-generation than second-generation oral contraceptives 78 . 



Effectss on Risk Factors for Arterial Disease 

Well-knownn risk factors for atherosclerosis include dyslipidemias, hypertension, 

cigarettee smoking, diabetes mellitus, obesity and lack of physical activity. The 

usee of combined oral contraceptives influences most of these factors. 

Effectss on Lipid Metabolism 

Inn the exogenous pathway of lipid metabolism, absorbed cholesterol and 

triglyceridess are incorporated into chylomicrons and transported into the venous 

circulationn where they become hydrolysed by lipoprotein lipase, releasing fatty 

acidss into muscle cells and adipose tissue. Metabolic remnants are absorbed by 

diee liver, which can release it as free cholesterol or bile acids back into the intestine. 

Inn die endogenous pathway, very low density protein (VLDL) particles are released 

byy die liver into die circulation. Assimilation of VLDI^residues result in cholesterol 

richh low density lipoprotein (LDL) that can be taken up by extrahepatic cells or 

byy the liver. Cholesterol released into the circulation is transported by high density 

lipoproteinn particles (HDL), which return cholesterol to the liver for excretion 

intoo the bile tract. 

Elevatedd levels of triglycerides, carried mostly as VLDL, and elevated LDL levels 

988 promote atherosclerosis, while HDL is thought to protect against atherosclerosis ~'m. 

Estrogenss and androgens have different effects on lipid metabolism. While estrogens 

lowerr LDL concentrations and elevate HDL and triglycerides, androgens and 

androgenicc progestins do the opposite by reducing HDL and elevating LDL, mosdy 

byy interfering widi hepatic lipase82K'. In addition, low HDL levels seem to increase 

thee atherosclerotic risk in women more than in men *(i. Oral contraceptives 

containingg third-generation progestagens, i.e. those with die lowest androgenic 

activity,, are associated widi a net beneficial lipid profile, i.e. lower LDL and higher 

H D LL concentrations than in non users 8/. In contrast, in women using second-

generationn combined oral contraceptives, die LDL concentration remains similar, 

butt die H D L concentration is substantially reduced K7. H i e beneficial effect of 

diird-generationn oral contraceptives on the lipid profile was an important reason 

forr developing and marketing these newer combined oral contraceptives. 

Effectss on Carbohydrate Metabolism 

Diabetess mellitus is an important risk factor for atherosclerosis, although the 

effectss of diabetes alone are difficult to assess. Many patients with diabetes also 

havee secondary dyslipidemia and are often obese or hypertensive. Combined 

orall contraceptives increase levels of fasting insulin and C-peptide, as well as the 



amountt of' insulin needed to cope with a standardized sugar load, indicating 

increasedd resistance to insulin *7M. Insulin resistance has also been associated 

withh an increased risk for coronary heart disease89'90. The use of oral contraceptives 

doess not lead to an increased risk for diabetes mellitus later in life91 m. 

Effectss on Blood Pressure 

Hypertensionn is associated with development of atherosclerosis, but also with 

prematuree deaths, non-lethal strokes, myocardial infarctions, retinal and kidney 

damagee 93. 

Arteriall pressure and blood flow to the tissues are controlled by cardiac output 

andd vascular resistance, both of which are influenced by die sympathie nervous 

systemm and tire renin-angiotensin-aldosterone system9i. Hypertension may occur 

wheneverr there is an imbalance among die cardiac output, die volume of the 

vascularr system and the vascular resistance. Oral contraceptives cause small 

increasess in cardiac output, leading to higher systolic and diastolic blood pressure 

andd increased heart rate. Hypertension is relatively unusual among users of oral 

contraceptives,, although nearly 5 percent of women using (higher doses) oral 

contraceptivess will develop hypertension95"97. The effects are possibly dose-related 

andd mainly induced by die estrogenic component which can affect levels of renin 

substrate,, aldiough die data are conflicting 9810,). Blood pressure rates usually 

normalisess after discontinuation of oral contraceptives. 

Interactionn Between Other Risk Factors and Oral Contaceptives 

Althoughh smoking is not a risk factor for VTE, it is an important risk factor for 

arteriall disease, especially in pill users who are over 35 years of age. These women 

havee an increased risk of deadi from arterial cardiovascular events of up to 20 

timess as compared to women who do not use the pill and do not smoke 331l)1. 

Thee attributable risk of oral contraceptives in non-smoking women is estimated 

too be 1.4 per 100.000, whereas it is 8.7 per 100.000 in women who smoke 8. 

Obesityy is a risk factor for coronary artery disease. A modest weight gain is an 

adversee effect of oral contraceptives in clinical practice, in particular associated 

widii the use of combined agents Üiat contain androgen-like progestagens (second-

generationn oral contraceptives) 102. Nevertheless, significant weight gain in 

combinationn widi the use of oral contraceptives leading to an increase of arterial 

(andd venous) disease has not been shown in studies. Weight gain can be controlled 

byy changing to preparations that contain lower amounts of progestagens 1,M. 



Clinicall Implications 

Clinicall decisions on the use of oral contraceptives in women who are at a high 

riskk for vascular disease should consider the benefits of' these hormonal 

preparationss (including better contraceptive qualities than other methods ol' 

contraceptionn and beneficial effects on menstrual disorders) in relation to the 

documentedd risks and the preferences of the woman seeking advice. 

Forr women with a past history of \ T E , most clinicians will try to avoid the use of 

hormonall contraception and seek alternative contraceptive methods, such as the 

newestt generation of intrauterine devices. For women without inherited thrombo-

philicc conditions who had a first thrombotic event after a strong temporary risk 

factorr such as trauma, surgery, and immobilisation, cautious use of oral 

contraceptivess could be considered. 

Whetherr female carriers of inherited throinbophilic factors who do not have a 

historyy of VTE are wise to use oral contraceptives remains a matter of individual 

counsellingg based on the known risk estimates. Use of second-generation 

combinedd oral contraceptives is definitely preferred to the use of third-generation 

preparationss because of the higher risk of YTK during use of the latter. Since 

arteriall cardiovascular diseases are relatively uncommon in premenopausal 

women,, guidelines for prescription of combined oral contraceptives in women 

willii arterial disease will be controversial. However, almost all women who develop 

arteriall disease are older or have other risk factors such as smoking and 

hypertension.. Thus, alternative contraceptive methods could be considered in 

thesee women. Since there is hardly any evidence that third-generation combined 

orall contraceptives induce a lower increase in the risk for arterial cardiovascular 

disease,, there does not, at present, seem to be a strong indication to prefer these 

preparationss in high-risk women. 

Inn general, counseling women at increased risk for venous or arterial vascular 

diseasess with regard to the use of oral contraceptives should be done individuallv 

andd seems more important than an absolute 'yes' or 'no'. 

Conclusions s 
Inn summary third-generation oral contraceptives cause an increased risk for 

VTEE as compared to second-generation preparations, which is probably due 

too a stronger negative effect on the natural anticoagulant and antilibrinolytie 

system.. This effect is even more pronounced in women with hereditary risk 

factorss for VTE. 



Thee use of combined oral contraceptives is also associated with an increased risk 

forr arterial cardiovascular disease, in particular myocardial infarction and stroke. 

However,, this risk seems to be limited to older women who also have odier risk 

factorss such as smoking and h\pertension. Furthermore, die attributable risk of 

orall contraception on diis risk is much lower than, for instance, smoking itself. 

Althoughh third-generation oral contraceptives have a beneficial effect on lipid 

profiles,, this is not translated into a lower increase in risk in most studies. 

Inn general, the increases in the risk of cardiovascular diseases associated with the 

usee of oral contraceptives has to be balanced against the advantages of diese 

drugs,, especially in view of the absolute baseline estimates of cardiovascular 

diseasess which are generally low in women of child-bearing age. 
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Abstract t 
Thee treatment of deep venous thrombosis is reviewed, with a specific focus on 

homee treatment compared to hospitalisation. 

Homee treatment of deep venous thrombosis is feasible, but there are some 

essentiall requirements to be fulfilled. Home care physicians may take part in 

thiss multidisciplinary task. 



Introduction n 
Deepp venous thrombosis (DVT) is a well known clinical disorder with an annual 

incidencee of 1 to 2 per 1000 inhabitants in Western societies '. The incidence of 

DVTT rises with advancing age from 0.02 per 1000 individuals younger than 20 

yearss of age to 8.1 per 1000 in the elderly (above the age of"80). Despite treatment, 

DVTT is associated with significant morbidity (e.g. post-thrombotic syndrome and 

recurrentt disease) as well as mortality due to pulmonary embolism 2. 

Inn the past decades, important developments in the treatment of venous 

thromboembolismm have made it possible to shift DVT treatment from an in-

hospitall to an outpatient setting. 

Althoughh DVT and pulmonary embolism are regarded to be a single clinico-

pathologicall entity, we will limit ourselves to a historical overview of the 

improvementss in the treatment of DVT. The impact on patient satisfaction, as 

welll as economic aspects of these improvements will be discussed. Finally, we 

willl review essential requirements for outpatient treatment of this disorder. 

Treatmentt of Deep venous thrombosis 
Inn the sixties of the past century a landmark trial showed that death could be 

preventedd in patients with pulmonary embolism who were treated with 

anticoagulantt agents :\ Since then, it is generally accepted that venous 

thromboembolismm has to be treated with these drugs in order to prevent thrombus 

extension,, pulmonary embolization or recurrences. It has been shown that initial 

treatmentt with heparin in addition to stalling coumarin therapy is crucial to prevent 

recurrentt thromboembolic disease, probably because of the slow onset of action 

off warfarin x. Heparin can be discontinued when a therapeutic INR is obtained 

(INRR between 2.0 and 3.0 for two consecutive measurements) provided that it is 

givenn for at least 5 days. The optimal duration of subsequent anticoagulant therapy 

withh warfarin is still uncertain and depends on the individual assessment of risks 

forr recurrent disease and bleeding, but it is recommended for at least 3 months 

afterr a first episode of DVT '. 

Mechanismm of Action 
Unfractionatcdd heparin ( ITH) is the oldest used anticoagulant in the treatment 

andd prevention of thrombotic disease. This compound induces a conformational 

changee in the structure of the natural anticoagulant antithrombin, thus enhancing 



thee inhibition of in particular thrombin (clotting factor Ha) and activated factor X 

(clottingg factor Xa)(Figure 1). Because of the short half-life of unlractionated 

heparin,, it should be administered by continuous intravenous infusion. 

Furthermore,, due to die wide variability in bioavailability, the optimal dose needs 

too be monitored daily by measuring the aPTT value (activated partial thrombo

plastinn time). Therefore , treatment with unfractionated heparin requires 

hospitalization. . 

Low-molecularr weight heparins (LMWH) are extracted from unfractionated 

heparinn by enzymatic or chemical degradation. Relative to UFH, they have an 

increasedd anti-factor Xa activity and a less pronounced anti-factor Ha activity. 

L M W HH have a longer plasma half-life and less individual variability in 

pharmacologicall activity, which enables the administration of these agents once 

orr twice a day subcutaneously, in a dose that only needs to be adjusted for weight 

withoutt further laboratory monitoring ''. 

Warfarin,, introduced as a rodenlicide in the late 1940's, resemble vitamin K in 

structuree and act by inhibition of the synthesis of die vitamin K-dependent clotting 

factorss II, VII, IX and X. The most widely used vitamin K antagonists (warfarin, 

acenocoumaroll and phenprocoumon) are for oral use and differ mostly in plasma 

II 12 half life. The biological effect is variable, both inter- and intraindividually, so 

frequentt laboratory control of the INR for measuring the intensity of anticoagulant 

actionn is required. 

^ ^ —— XIa * ^ ^ 

IXaa + Villa 

Tissuee Factor "Vila • Xa + Va—•Thrombin •• Fibrin-» Fibrinolysis 

Antithrombin n 

Figuree 1 Mechanism of action of unfractionated heparin. 



Low-molecularr weight Heparin as Replacement of 
Unfractionatedd Heparin 

Att least 10 clinical studies compared UFH with L M W H for the initial treatment 

of'DVTT and showed consistently diat L M W H is better with respect to safety and 

efficacyy than UFH '. Subsequently, L M W H was used in trials that compared 

homee treatment with inhospital therapy. Simultaneously, two landmark trials were 

publishedd in 1996 S!'. In both studies, not all patients randomised to L M W H 

weree treated entirely outside of hospital; some were discharged after a short period 

off initial hospitalisation. 

Inn the Koopman et al. study, 6.9 percent of patients with DVT who were treated 

withh L M W H had recurrent thromboembolic disease, compared to 8.6 percent of 

patientss treated witii UFH over a period of 6 months of follow-up (difference 

1.7%;95%% CI: -3.6 to 6.9). In the Canadian study, the figures were 5.3 percent and 

6.77 percent respectively (difference 1.4%; 95% CI -3.0 to 5.7), although die follow-

upp was limited to 3 months. With regard to safety, no differences in bleeding 

complicationss or death were observed l>etween the two strategies. Since dien, several 

prospectivee cohort studies confirmed drat home treatment is safe, effective and 

feasiblee for nearly all patients widi DVT 71()11. In fact, in an ideal situation without 

anyy organisational problems, it was calculated that more tiian 95% of'patients widi 

isolatedd DVT symptoms can be treated at home l2. 

Patientt Satisfaction in Home Treatment Protocols 
Feww studies investigated patient satisfaction of initial home treatment for DVT. 

Dataa on quality of life derived from the study by Koopman et al. indicate diat 

(home)) treatment with L M W H is associated widi less impairment of physical 

activity77 and social functioningK. Harrison and colleagues found that over 90% of 

patientss treated at home have a high degree of' satisfaction and that more dian 

twoo diirds of die treated population is able to self-inject L M W H | ;\ 

Forr the long-term treatment with anticoagulants, patient satisfaction can probably 

alsoo be increased in the near future, if patients are given more self-control about 

theirr treatment. For instance, self-monitoring of oral anticoagulation and self-

adjustmentt of the dose of warfarin has been found to be feasible and as good as 

doctor'ss control, by use of a portable device that measures INR values from 

capillaryy blood ' l . 



Economicc Aspects 
Byy treating patients with D \ T in an outpatient setting, a substantial reduction in 

costss can be achieved ' ' "'. For instance, in one of the trials comparing outpatient 

treatmentt with L M W H to hospitalised patients treated witli l .TH, the patients 

randomisedd to L M W H were admitted on average lor 1.1 days, compared to 6.5 

dayss in the group treated with I FH ''. In another randomised trial, patients that 

weree treated with 1'FH were, on average, admitted lor more than 12 days, 

comparedd to one day lor the DVT patients treated with LMWH, which resulted 

inn a cost reduction of up to 40% per patient 1(l. Assuming that patients have to be 

treatedd for a minimum of five days with low molecular weight heparin and for a 

minimumm of three months with warfarin, and that they would have to be 

hospitalisedd for the duration of heparin treatment, Dunn and colleagues estimated 

aa reduction of $1.64) in total health care costs per patient if treated at home ''. 

Althoughh a maximum of 60% in cost reduction is possible, depending on the 

proportionn ol patients managed at home, this does not take into account the 

costss made by home care organisations tH. 

Essentiall Requirements for Home Treatment 
Itt is necessary to realise that patients who were included in clinical studies do not 

alwayss have the same characteristics as those seen in daily practice. For instance, 

patientss with an increased risk of bleeding, with renal impairment, or pregnant 

womenn were excluded in all trials. Nevertheless, most patients will be eligible for 

homee treatment, especially when it is possible to establish a multidisciplinary 

clinicall service with experience in diagnosing and managing D V F "'•-''. 

Regardlesss ol the place of initial treatment, appropriate diagnostic facilities are 

essentiall in order to prevent an unnecessary and potentially harmful treatment 

withh anticoagulants. In approximately 70% of patients that present with signs of 

DVT,, venous thrombosis can be ruled out by using appropriate objective 

diagnosticc methods"'. Compression ultrasonography of the femoral and popliteal 

Tablee 1 Ksscnlial requirements for sucrcsslul home treatment. 

Developmentt of guidelines for seleetion ol patients lor home treatment 
Availabilityy of a patient education brochure 
Reliablee support in the home setting" <s|X)iise, family memlxT, friend) 
Possibilityy for home-care scmccs 
Aroundd the clock availability of emergency department facilities 
Adequatee oral anticoagulant therapy control and follow-up ol patients 



Tablee 2 Relative contraindications for outpatient treatment with IAlW II. 

Concurrentt symptomatic pulmonary embolism 

Activee bleeding or a known bleeding disorder 

Inrportantt comorbidity (e.g. severe liver disease or marked renal insufliciency) 

II 'nceilain compliance or follow-up 

veinss is the best evaluated diagnostic method in patients with a suspected first 

episodee of DVT. 

Forr die treatment of patients with uncomplicated DVT outside a hospital, some 

essentiall requirements have to he fulfilled (Table 1) 2,). First, guidelines lor the 

selectionn of patients who are eligible for home treatment need to be developed 

inn a multidisciplinair team with both hospital and home care physicians. Relative 

contraindicationss for home treatment are listed in Fable 2. In general, patients 

vviüii important comorbidity should be hospitalised. It is important to note Üiat, 

althoughh patients are traditionally advised to be immobilised in order to prevent 

immobilisationn from a thrombus in die leg, there is no evidence to support this '2l. 

Second,, patients need to be informed about the possible complications of DVT 

andd its treatment, ideally by means of a patient education brochure. It is needless 

too say that die treating physician must be convinced that the patient has understood 

thee impact of the disease and lie must be confident about the patients' compliance 

inn treatment and follow-up. Proper instructions {and training) about the injection 

off LMWH, either by the patient himself, or by others (including family members 

andd nurses in case of availability of home-care sen ices) needs to be provided. In 

thee home setting, reliable support of a spouse or family member, and otherwise 

homee care services, need to be available. Fuithermore, a 21 hours service has to 

bee available in case patients develop complications at home. This service can 

eitherr be given by the local hospital or by home care physicians who are 

experiencedd in that held. Finally, control of die anticoagulant level and subsequent 

dosingg adjustments have to be performed adequately by either an anticoagulation 

clinicc or local laborator}'. 

Conclusion n 
Subcutaneouss L M W H is more effective and sale as adjusted-dose UFH for the 

treatmentt of DVT and permits treating the great majority of patients in an 

outpatientt setting. 

T oo ensure successful home treatment of DVT, there are some essential 

requirements.. First, the disease has to be confirmed by objective diagnostic 



methods.. Then, patients who are suitable for home treatment have to be selected. 

Alll patients have to be educated about their disease and possible complications 

andd side effects of treatment. Subsequently, patients have to demonstrate that 

theyy are able to inject themselves or there has to be other, reliable, support. 

Finally,, there have to be 24 hour facilities to address complications of DVT or its 

treatment,, and adequate monitoring of anticoagulant therapy needs to be present. 

Usingg hospital facilities, home care physicians can play an important role in the 

treatmentt of patients with DVT in an outpatient setting. To provide optimal care 

inn different settings, regional home treatment programs should be designed and 

evaluated. . 
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Abstract t 
Vitaminn K antagonists for secondary prevention in patients with deep venous 

thrombosiss require monitoring and dose-adjustments. The synthetic factor Xa 

inhibitor,, San() rg3 1000, has predictable pharmacokinetics and may be 

administeredd once weekly without dose adjustments. 

Alterr ö to 7 days of enoxaparin treatment, patients with proximal deep venous 

thrombosiss were randomised lo receive 2.5, 5.0, 7.5 or 10 mg ofSanOrg34006 

subcutaneouslyy once weekly or warfarin ( I \R , 2.0 to 3.0) for 12 weeks. The 

primaryy efficacy outcome was the composite ofchange in thrombotic burden, as 

assessedd by ultrasonography and perfusion lung scanning at baseline and week 

12+1,, and clinical thromboembolic events. This outcome was classified as 

normalisation,, no relevant change or deterioration. Other outcomes were major 

andd other clinically relevant bleeding. 

AA total of 659 patients were randomised and treated. In b i t patients (03 percent) 

thee primary efficacy outcome was cvaluable. The rates of normalisation and 

deteriorationn were similar in all San()rg31000 groups (p=0.-l) and did not differ 

lromm the warfarin group. There was a clear dose response for major bleeding 

amongg patients treated with San()rg3 1006' (p=0.003). Patients receiving 2..) mg 

San()rg33 fOOb had less bleeding than warfarin recipients did (p= 0.03). 

San()rg33 f00b dosed at 2.5 nig appeals as effective as higher dosages and warfarin for 

thee secondary prevention in deep venous thrombosis and was not associated with 

majorr bleeding. Therefore, '2.5 nig of San( )rg34000 administered subcutaneously 

oncee weekly might lx1 a suitable alternative to dose-adjusted oral \itamin K antagonist. 

file:///itamin


Introduction n 
Thee initial treatment of patients with venous thromboembolism has recently 

undergonee major changes. In-hospital intravenous unfractionated heparin 

requiringg laboratory monitoring has been largely replaced by body weight adjusted 

subcutaneouss low-molecular-weight heparin '2 . This improvement has allowed 

outt of hospital treatment in die majority of patients 'H However, anticoagulation 

forr secondary prevention with vitamin K antagonists such as warfarin remains 

problematicc '. They have a narrow therapeutic range and are subject to food and 

drugg interactions necessitating frequent monitoring '. Despite monitoring and 

dosee adjustments, anticoagulant intensity is often outside the target range and 

associatedd with bleeding complications and recurrences (),/. 

Syntheticc pentasaccharides are a new class ol antithrombotics with specific anti-

Xaa activity8. One of these, londaparinux (hall-life 15 hours), was recently found 

too be effective and sale when administered once daily for the prevention of venous 

thromboembolismm after orthopaedic surgery !M2. Another pentasaccharide, 

SanOrg3400(),, has a half-life of approximately 4 days, making it suitable for once 

aa week subcutaneous injection. It has linear pharmacokinetics, low inter- and 

intra-individuall variability and may not require monitoring of anticoagulant 

intensityy 1:\ Therefore, SanOrg34006' might be an alternative to vitamin K 

antagonistss in secondaiy prevention of venous thromboembolism. Hence, a dose-

findingg study was conducted in patients with deep venous thrombosis comparing 

thee efficacy and safety of 4 different dosages of SanOrg34006 with warfarin. 

Methods s 
Patients s 

Consecutivee patients between 18 and 8.> years ol" age with acute symptomatic 

proximall deep venous thrombosis confirmed by compression ultrasonography 

orr venography were potentially eligible for the study, exclusion criteria included 

symptomss for more than 14 days; symptomatic pulmonary embol ism; 

documentedd deep venous thrombosis within the last two years; surgery within 

thee past 10 days; more than 32 hours of therapeutic anticoagulant treatment; 

contraindicationss for anticoagulants; life expectancy less than 3 months; pregnancy; 

serumm creatinine over 200 umol/L; and a platelet count less than 100x1071-

Theree was nobody weight restriction for eligibility. Participating patients provided 

writtenn informed consent. 



Studyy Design 

Patientss received 1 mg/kg enoxaparin subcutaneously twice daily for ö to 7 days 

andd then underwent a haselinc assessment of thrombotic burden by compression 

ul t rasonographyy of both legs and perfusion lung scanning. Hereafter , 

randomisationn to one of four SanOrg3400() dosages or warfarin took place, 

stratifiedd for centre and active cancer (defined as not cured or treated within the 

lastt (> months) using a central service. Treatment was blinded for dose of 

SanOrg<il()()(),, but open for type of drug and was continued for 12 weeks. Patients 

weree asked to report any symptoms of recurrent venous thromboembolism or 

bleeding.. At week 1 ultrasonography and perfusion lung scanning were 

repeatedd to assess change in thrombotic burden. Biochemistry was tested at 

baselinee and at week 12. Initially, samples for platelet counts and trough drug 

concentrationss were collected weekly. San( )rg3400() concentrations were also 

measuredd 3 times during 48 hours after administration of the drug in weeks 1, 7 

andd 12. Later, testing was reduced. The paired baseline and 12 week 

ultrasonographiess and lung scanning results were renewed by a central adjudication 

committee,, blinded for treatment allocation. 'Phis committee also reviewed all 

suspectedd episodes of recurrent thrombosis or pulmonary embolism, bleeding 

andd deaths. Safety data were reviewed regularly by the data and safety monitoring 

committee,, partly blinded to San()rg34006 treatment groups coded as A, B, C, 

D.. Discontinuation of a study arm was to be considered when the difference in 

thee incidence of major bleeding or recurrent symptomatic venous thrombo

embolismm between the warfarin group and any SanOrg34006 group was with 9.5 

percentt confidence above zero. The study was conducted in accordance with the 

declarationn of Helsinki arrd Good Clinical Practice guidelines. The local 

Institutionall Review Boards approved the study. 

Treatmentt Regimens 

Patientss in the SanOrg3400b groups received any of 4 dosages (2.,), .>.(), 7.5 or 

10.00 mg) once weekly, without body weight adjustment (Organon Inc., West-

Orange,, USA) with the first dose given (> to 18 hours after the last enoxaparin 

dosage.. The selection of the lowest dosage of 2.5 mg, was based on the 

considerationn dial only dosages could be tested in the setting of deep venous 

thrombosiss that are expected to be clinically active. In healthy volunteers this 

dosagee had pro\idcd SanOrgvUOO() concentrations for the period of almost one 

weekk that prevented thrombus formation in pre-clinical models. The highest 

dosagee of 10 mg was selected since in healthy volunteers, higher dosages showed 



aa tendency to puncture site hemorrhages. SanOrg34()()(), in syringes in 0.5 mL of 

saline,, was given suhcutaneously by trained stall" or rarely by self-injection. 

Warfarinn was provided and prothrombin time monitoring was performed several 

timess during the first week and at least in weeks 2, 4 and 7. The target International 

Normalisedd Ratio (INR) range was 2.0 to 3.0. Patients randomised to warfarin 

continuedd with enoxaparin until the INR was above 2.0 for more than 48 hours. 

Duringg randomised treatment concomitant use of other anticoagulants, clopidogrel 

andd glycoprotein Ilb/IIIa antagonist was prohibited, and use of aspirin and non

steroidall anti-inflammatory drugs was discouraged. Alter 12 weeks further 

treatmentt was left at the discretion of the investigator. 

Efficacyy Outcomes 

Bilaterall compression ultrasonography was performed at standardised sites at the 

inguinall ligament (common femoral vein), mid-thigh (superficial femoral vein) and 

popliteall fossa (popliteal vein) and the diameter at compression was recorded U 1 ' . 

Normalisationn of ultrasonography at week 12 was defined as a diameter of less 

thann or equal to 2 mm at each of the 6 sites. Deterioration was defined as an 

increasee in diameter of more than 2 mm or more than 25% at any site. Other 

resultss were classified as no relevant change. 

Perfusionn lung scanning was performed after the intravenous injection of 70 to 

1000 MBq ^''"Technetium labelled macro-aggregates of albumin. Imaging was 

performedd in six views and the remaining perfusion in the 6 lobes was scored. 

Normalisationn was defined as a normal perfusion of all lobes at week 12 and 

deteriorationn as reduction of at least 25 percent of perfusion in any lobe " , l 7 . 

Otherr results were classified as no relevant change. 

Symptomaticc recurrent venous thromboembolism was considered present when 

confirmedd by objective tests ' [ . All deaths were reviewed to assess the likelihood 

off pulmonary embolism or bleeding as the cause of death. Sudden death where 

pulmonaryy embolism could not be excluded was classified as unexplained death. 

Thee primary efficacy outcome was the change in thrombotic burden between 

baselinee and week 12, and classified as deterioration, no relevant change or 

normalisation.. Deterioration was defined as the composite of fatal and non-fatal 

recurrentt venous thromboembolism, unexplained death, and asymptomatic 

worseningg of (he ultrasonography or lung scan. Normalisation was defined as the 

combinationn of a normalised ultrasonography and lung scan. Other combinations 

weree classified as no relevant change. 



Safetyy Outcomes 

Thee primary safety outcome was major bleeding, defined as clinically overt 

bleedingg that was fatal, retroperitoneal, intracranial, within a critical organ, leading 

too a decrease in hemoglobin of more than 2 g/dL, or required a transfusion of 

22 units or more of packed cells. Bleeding episodes, that were considered clinically 

relevantt but not qualifying for major, were a secondary safety outcome 

(e.g.. epistaxis that required interventions or lasted more than .5 minutes and 

spon taneouss hematur ia ) . Bleeds were counted dur ing 18 weeks after 

randomisation.. Additional safety outcomes considered were thrombocytopenia 

(platelett count below l()0xl()!,/L or a drop of more than 40 percent) associated 

withh anti-platelet antibodies, adverse events and mortality. 

Laboratoryy Analysis 

Plasmaa concentrations ofSanOrg34006 (mg/L) were centrally determined by an 

inhibitionn assay. Residual factor Xa activity was measured with a chromogenie 

substratee in diluted plasma samples after addition of known quantities of 1 actor 

Xaa and an excess of anti thrombin IH. Areas under the curve were calculated for 

thee dosage interval of 168 hours. 
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Statisticall Analysis 

Kfficacyy analyses were performed in all randomised patients who received 

treatment,, for whom DVT at baseline was confirmed, and for whom the primary 

efficacyy outcome was e valuable. Trends among the SanOrg3400() dose groups 

withh respect to die change in thrombotic burden were assessed using the Cochran-

Mantel-Haenszell test based on rank scores, stratified by active cancer as well as 

pairwisee comparisons between each SanOrg34006 dose group and warfarin. The 

impactt of baseline covariates on the dichotomised outcome (deterioration versus 

noo deterioration) was described by calculating (unadjusted) odds ratios and 95% 

confidencee intervals. 

Safetyy analyses were performed in all randomised patients who received treatment. 

Trendss among die SanOrg34()(H) dose groups in the incidence of major and 

otherr clinically relevant bleeding were assessed based on die Cochran-Armitage 

test.. Pairwise differences between die San()rg340()() dose groups and the warfarin 

groupp were assessed similarly. The sample size of 100 patients per group would 

providee 80 percent power (2-sided type I error of 5 percent) to detect differences 

off 20 percent in incidences of deterioration between the more effective group 

andd the less effective SanOrg34()06 group. T o allow for missing outcome data 

diee sample size was set at 130 patients per group. 



Results s 
Studyy Populat ion 

Fromm August 1999 to April 2001, 701 patients were enrolled. Out of these, 40 

patients,, who received initial enoxaparin therapy were not randomised due to 

hemorrhagee (n=(>), other adverse events (n=ö), suspected (n=.5) or verified (n=2) 

recurrencee of venous thromboembolism or other reasons (n=22) such as 

withdrawall of consent. An additional 2 patients withdrew consent alter 

randomisat ionn prior to receiving randomised t reatment . T h e baseline 

characteristicss of the 659 patients who received randomised treatment are shown 

inn Table 1. The groups were comparable regarding these characteristics. In ()14 

patientss (93 percent) the primary efficacy outcome was available for analysis. 

Tablee 1 Baseline characteristics and treatment details ol all patients who received randomised treatment. 

Outcome e SanOrg340066 Warfarin 
2.55 mg 5 mg 7.5 ing 10 mg 
(N-131)) (\=135) (\=130) <N=131) (\=132) 

Age,, years, mean (S.D.) 
Malee se\, n (%) 
Bodyy weight, kg, mean (S.D.) 
Histon-(>rvri-;,ii(%) ) 
Documentedd active cancer, n (%) 
Knoxapannn treatment prc-randomisalion, 
durationn in days, mean, (S.D.) 
Enoxaparinn treatment, post-randomisation, 
durationn in days, mean, (S.D.) 
Numberr of S.C. SanOrg3 1000 
administrations,, mean (S.D.) 
Thromboticc burden at baseline: 
Twoo or more locations ol 
non-compressibility y 
Perfusionn delect present, n (%)* 
Areaa under the time-concentration 
curve,, mg*h/L, mean (S.D.): 

Weekk 1 

Weekk 7 

Weekk 12 

Prematuree discontinuations and reasons: 

Totall nuinl>cr 
Bleedingg complication, n (%) 
Recurrentt D \ T PE, n K) 
Death,, n (%) 
Otherr adverse event, n ('ft) 
Comorbidd condition and oilier reasons 

.58.8(17.2) ) 
699 (.-32.7) 

81.1(15.8) ) 
28(21.1) ) 
10(7.6) ) 

(i.. 1 (0.9) 

59.5(16.3)) 00.0 (13.5) 59.1(11.7) 60.0(11.8) 
733 (51.1) 85(05.1) 05(19.0) 71(53.8) 

78.7(15.2)) 82.3(11.8) 78.7(11.9) 77.9(15.5) 
255 (18.5) 31 (23.8) 27 (20.fi) 25 (18.9) 
13(9.0)) 7(5.1) 11(8.1) 10(7.0) 

0.1(0.9)) 5.9(0.8) (>.()) (0.9) 

11.5(2.0)) 11.1(1.9) 11.0(1.6) 10.9(2.7) 

0.00 (0.9) 
7.7(1.8) ) 

688 (52.3) 

700 (53.1) 

10.11 (15.3) 

n-22 2 

81.6(19.3) ) 

n-78 8 

80.1(21.2) ) 

n=15 5 

8 8 

0 0 
2(1.5) ) 

11 (0.8) 

33 (2.3) 

2(1.5) ) 

711 (53.1) 

(i55 (18.9) 

88.11 (21.7) 

n=26 6 

100(15.1) ) 

n=09 9 

176(U.7> > 

n=20 0 

15 5 
55 (3.7) 

11 (0.7) 

55 (3.7) 

88 (1.9) 

11 (0.7) 

711 (51.6) 

811 (05.6) 

130(28.2) ) 

n-28 8 

2300 (03.5) 

n=71 1 

2855 (59.1) 

n-20 0 

7 7 
2(1.5) ) 

0 0 

0 0 
(3.1) ) 

11 (0.8) 

700 (53.9) 

666 (50.8) 1 

175(11.1) ) 

n-20 0 

2900 (71.3) 

n=61 1 

3633 (92.8) 

n=20 0 

28 8 
10(7.0) ) 

II (0.8) 

11 (0.8) 

10(7.0) ) 

77 (5.3) 

733 (50.6) 

71(56.1) ) 

--

--

8 8 
2(1.5) ) 

11 (0.8) 

0 0 

33 (2.3) 

2(1.5) ) 

125 5 
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15 5 

en n 
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Trea tmen tt and Follow-up 

Detailss on the initial and long-term treatment are shown in Table 1. In the 

SanOrg3400()) groups compliance was high with 9,5 percent of injections given. 

Pharmacokineticc parameters had a linear relationship to the dose, and there was 

ann accumulation of the drug concentrations in all groups during the study period. 

Steadyy state was reached at week 12. Among the warfarin-treated patients an 

averagee of 14 determinations of the Prothrombin time were performed, and 3.5, 

.311 and 1.5 percent were below, within and above the therapeutic range, 

respectively.. There were 66 premature discontinuations of treatment with study 

drugg (Table 1). 

Efficacyy Ou tcomes 

Thee overall change in thrombotic burden in the treatment groups is shown in 

Tablee 2. The rates of normalisation and deterioration were similar in all groups. 

Thee test for trend among die SanOrg340()6 dosage groups did not show significant 

differencess (P=().4). The rate of'symptomatic recurrent venous thromboembolism 

wass low and no patient experienced fatal pulmonary embolism. Additional 

analysess showed that 7 out of 40 evaluable patients with active cancer had 

1266 deterioration (18 percent) versus 39 of .'574 patients (7 percent) without active 

cancerr (odds ratio 2.9; 9.5 percent confidence interval 1.2-7.0). Similarly, lb out 

off 129 evaluable patients with a history of previous venous thromboembolism 

(122 percent) had a deterioration versus 30 of 48,5 patients (6 percent) without 

suchh a history (odds ratio 2.2; 95 percent confidence interval 1.1-4.1). Gender, 

age,, creatinine clearance, body weight and pharmacokinetic parameters were 

nott associated with differences in frequency of deterioration. 

Safetyy Ou t comes 

Thee incidence of bleeding episodes and deaths is shown in Table 2. Two patients, 

bothh in the .5-mg SanOrg340()6 group, had a fatal hemorrhage (intracranial and 

gastro-intestinal)) during the study per iod. Among patients treated with 

SanOrg340()(ii there was a statistically significant dose response relationship for 

majorr bleeds (P=0.()03) and for major and other clinically relevant bleeds 

(P=0.0()1).. The incidence of major hemorrhages in the 10-mg San()rg34006' 

groupp was statistically significantly higher than in the warfarin group (P=0.010). 

Afterr the second interim analysis and during the 3 month treatment period a 

patternn with a high incidence of bleeding episodes combined with unusual types 

off bleeding emerged, and it was subsequently decided to stop further treatment 



Tablee 2 Ellicacy and saiety outcomes in all patients who received randomised treatment. 

Outcome e 
2.55 mg 

(N=131) ) 

SanOrg34006 6 
55 mg 7.5 mg 

<N== 13.-3) (N-130) 
100 mg 

(N-131) ) 

Changess in thrombotic burden: 
Noo ellicacy outcome assessment available, n 6' 
Normalisation,, n (%*) 32 (25.6) 
Noo relevant change, n (%*) 87 (09.6) 
Deterioration,, n (%*) 6 (1.8) 

311 (21.2) 
899 (69.5) 
88 (6.3) 

12 2 
299 (24.fi) 
811 (68.6) 
88 (6.8) 

12 2 
300 (25.2) 
77 1 (62.2) 
15(12.6) ) 

K3.2) ) 
2(1.6) ) 

11 (3.2) 
2(1.6) ) 

33 (2.5) 
5(1.3) ) 

77 (5.9) 
99 (7.6) 

11 (0.8%) 55 (3.7%) 11 (0.8'j 

Warfarin n 

(\=132) ) 

8 8 
311 (25.0) 
811 (67.7) 
99 (7.3) 

(1.8-10.2)) (2.7-11.9) (3.0-12.9) (7.2-19.9) (3.H3.3) 

88 (6.5) 
2(1.6) ) 

(95%(95% confidence interval) 

Componentss of deterioration: 
Compressionn ultrasound, n (%*) 
Perfusionn lung scan, n (%*) 
Symptomaticc D \ T , n (%*) 
Sym])tomalicc PE, n (%*) 
Symptomaticc DYT+PE, n (%*) 
1'nexplainedd death, n (%*) 

Hemorrhage,, major and all: 
Majorr hemorrhage, n (%) 

95%% confidence interval 
p-valucc compared to warfarin 

Alll hemorrhage s 

95%% confidence interval 
p-valuee compared to warlann 

Deaths: : 
nn (%) 
Causess ol Death: 

Majorr bleeding 
Otherr known cause 
Causee unknown 

Relativee to the number of evaluable patients * Major + other clinically relevant hemorrhages 

0 0 
0 0 
0 0 
0 0 

00 (0.0%) 
(0.0-2.8) ) 

NS S 
33 (2.3%) 
(0.5-- 6.5) 

0.029 9 

0 0 
0 0 
0 0 

2(1.6) ) 

11 (3.0%) 
(0.8-7.1) ) 

NS S 
16(11.9%) ) 
(6.9-18.5) ) 

NS S 

0 0 
0 0 
0 0 
0 0 

2(1.5%) ) 
(0.2-- 5.1) 

NS S 
18(13.8%) ) 
(8.1-21.0) ) 

NS S 

11 (0.8) 
2(1.6) ) 

0 0 
0 0 

99 (6.9%) 
(3.2-12.6) ) 

0.010 0 
200 (15.3%) 
{9.(3-22.6) ) 

0.081 1 

11 (0.8) 
0 0 

11 (0.8) 
0 0 

11 (0.8%) 
(0.0-- 1.1) 

111 (8.3%) 
(1.2-11.1) ) 

0 0 
11 (0.8%) 

0 0 

2(1.5%) ) 
11 (0.7%) 
2(1.5%) ) 

0 0 
0 0 
0 0 

0 0 
11 (0.8%) 

0 0 

0 0 
0 0 
0 0 

127 7 
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inn those in the the 10-ing group, based on advice from the saiety committee. The 

incidencee of any bleeding complication was lower in the 2..5-mg SanOrg34006" 

groupp compared to the warfarin group (P=0.029). The occurrence of'bleeding in 

relationn to time in the study is depicted in Figure 1. Other adverse events were 

distributedd similarly between the groups. During the enoxaparin treatment there 

wass an increase to above 3 times the upper limit of normal of alanine amino

transferasee in 97 patients (15 percent). At week 12 alanine aminotransferase was 

elevatedd in 4 patients (0.8 percent) on SanOrg3400(> and in none on warfarin. 

Heparin-inducedd immune thrombocytopenia was not observed in patients treated 

withh SanOrg3 !()()() or warfarin. 
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Figuree 1 Occurrence of bleeding episodes in relation lo lime in all patients who received randomised 

treatment. . 

Discussion n 
Thiss dose-finding study, evaluating four fixed dosages of SanOrg34006, suggests 

Üiatt tliis compound in its lowest dose tested might be a suitable alternative to 

monitoredd vitamin K. antagonists in the secondary prevention of recurrences in 

patientss with deep venous thrombosis. SanOrg34006 is a long-acting selective 

anti-Xa-inhibitor,, which is administered subcutaneously once weekly and does 

nott require dose adjustments. The range of dosages was selected on the basis of 

diee results from phase I studies, evaluating trough levels, coagulation parameters 

andd bleeding in order to protect the patients against the consequences of 

undertreatingg thrombosis or overdosing with an anticoagulant. 

Thee study was designed to explore SanOrg34006 for secondary prevention and 

diuss initial treatment was standardised, using a low-molecular-weight heparin for 

5-77 days before randomisation. The extended mean 8 days treatment with low-

molecular-weightt heparin in die warfarin group, necessary' for INR stabilisation, 

iss unlikely to have had an impact on the efficacy outcome, in view of previous 

studiess demonstrating equal effects of immediate and delayed introduction of 

vitaminn K antagonist therapy '. No statistically significant differences in primary 

efficacyy outcome were seen between the dose-groups. How should this flat dose-

responsee be interpreted? The observed low incidence of symptomatic recurrences 

off 1.0 percent in 490 SanOrg34006-treated patients was similar to that of die 

warfarinn group (1.6 percent). The observed low incidence may be partly explained 



byy the low number of patients with active cancer (8 percent). Nevertheless, our 

resultss derived from a large number of patients indicate that we are likely to be 

onn the upper plateau of the dose-response curve. H i e statistically non-significant 

increasedd role of deterioration of dirombotic burden in the 10 nig group is not 

duee to a different risk profile of these patients and is therefore difficult to explain. 

Thee diagnostic strategy' featuring a combination of symptomatic recurrent events 

andd asymptomatic changes on repeat compression ultrasonography and perfusion 

lungg scanning has pre\ïously shown clinical validity for the assessment of the 

initiall therapy and to be predictive for later clinical outcome U l ' . In the current 

studyy Üiis strategy was used to assess the 3-month period of secondary prevention. 

Althoughh we did not observe an association between the dosages and the change 

inn thrombotic burden, an association with risk factors, such as active cancer or 

previouss thromboembolism, was seen. Furthermore, this strategy' is in line with 

thee policies of regulatory agencies, which recommend using a composite endpoint, 

consistingg of all clinical thromboembolic events and subclinical signs of progression 

detectedd by routine screening 19. 

Att variance widi the efficacy analysis, die safety analysis showed a clear dose-

responsee with an unacceptably high frequency of major bleeding in the 

SanOrg340066 10-mg group (leading to a premature discontinuation in this group 

off those already randomised) and none in the 2.5-mg group. Also the rate of 

odierr clinically relevant haemorrhages was low in the 2.5-mg group, but increased 

inn the higher dosage groups. The 0.8 percent frequency of major bleeding in the 

warfarinn group is consistent with the range of 0.9-2.2 percent reported in the 

literaturee 20. SanOrg34006 does not have a specific antidote, however, the 

pharmacologicall effects could potentially be antagonised by procoagulant drugs 

includingg prothrombin complex concentrate and in case of severe bleeding 

recombinantt activated factor VII. 

Afterr consideration of all the available data in this dose-finding study, a 

SanOrg340066 dosage of 2.5 mg seems optimal. This dosage appealed as effective 

ass die higher dosages and warfarin. No major bleeding and a low frequency of 

otherr clinically relevant bleedings, which are likely to impact the quality of' life, 

weree observed with diis dose. In fact, die lowest dosage of SanOrg34()()6 was 

associatedd with fewer bleeding complications than warfarin. Although lower 

dosagess than 2.5 mg were not studied in the present setting, they could be 

associatedd with lower efficacy, whereas further improvement in safety is unlikely. 

Thee combination of an effective and safe drug, that does not require monitoring 

andd dose adjustments, makes SanOrg34006 at a dosage of 2.5 nig an attractive 



anticoagulantt to replace vitamin K antagonists. The convenient regimen of once-

weeklyy administration should improve compliance compared with hoth vitamin 

KK antagonists and other therapies such as low-molecular-weight heparin injected 

subcutaneouslyy every day. Another advantage is the ahsence of heparin-induced 

immunee thrombocytopenia -'•". Pharmacokinet ic analyses showed that 

accumulationn of SanOrg<U0()() occurred that approached steady state towards 

thee end oi the treatment period. 

Somee limitations of Our study require comment. This was a partially open trial. 

However,, to minimise the potential for bias, randomisation was centralised and 

adjudicationn of outcome events was blinded. The ultrasonographs and lung scans 

weree read pairwise, which may lavour the observation of improvement. I lowcvcr, 

thiss applies to all groups. Finally, the acceptance by patients of weekly subcutaneous 

injectionss could not be assessed in the setting of this study. It remains to be 

establishedd whether patients prefer weekly injections or oral medication with 

repealedd blood sampling. 

Furtherr studies comparing 2..) nig of San()rgvU00() with warfarin, using clinical 

outcomes,, are warranted in patients with venous thromboembolism for treatment 

andd secondary prevention. S;ui()rg<'i!•()()() may also be a valuable anticoagulant 

forr other indications, including extended postoperative prophylaxis, atrial 

fibrillationn and in acute coronary syndromes. 
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Abstract t 
I^ow-molecularr weight heparins (LMW'H) arc widely used in patients in whom 

anticoagulantt therapy is indicated and skin complications are considered to be 

rare. . 

Off 66 consecutive pregnant or postpartum women seen, 29% developed skin 

complicationss while receiving LMWH. Almost one-fourth had to switch to another 

preparationn because of these side elfects, which mainly constituted of delaved 

hypersensitivityy reactions and itching. Former use of L M W H and protein C 

deficiencyy predisposed to skincomplications. Incase of severe skin complications 

necessitatingg discontinuation, another LMWH is tolerated by approximately 70% 

oii the patients. 

Becausee L M W H remain the drug of first choice in pregnant women, both 

physiciann and patient have to be aware of these adverse effects. 



Introduction n 
Low-molecularr weight heparins (LMWH) are widely used in patients in whom 

anticoagulantt therapy is indicated. Side effects include bleeding, heparin induced 

thrombocytopenia,, and hypersensitivity reactions '. Skin complications due to 

L M W HH use are considered to be rare, but their incidence is likely to be 

underreportedd ~. 1 hey vary from an urticarial rash (type I immediate hyper

sensitivityy reaction), to erythematous lesions (delayed type IV hypersensitivity 

reaction)) and, exceptionally, skin necrosis. 

LMWHH are considered safe and effective in pregnant and lactatmg women '\ In 

systematicc reviews of L M W H use during pregnancy or the postpartum period, the 

reportedd incidences of generalised skin reactions were low, i.e. 0.3% - 0,6% ; u . W e 

reportt here a remarkably higher rate of skin complications. 

Methods s 
Thee efficacy and safety of treatment with L M W H during pregnancy and the 

postpartumm period in consecutive women is evaluated in an ongoing prospective, 

observationall study in two university hospitals. Indications included thrombo

prophylaxiss in women with an increased risk for pregnancy-related YTL, treatment 

off VTL, and prophylaxis in women with mechanic heart valves. During scheduled 

follow-upp visits, data on pregnancy and drug-related complications were collected. 

Alll patients were instructed to contact the study center in case of complications. 

L M W HH were prescribed in body weight adjusted therapeutic dosages (75 anti-

Xaa IU/kg per day) or in prophylactic dosages (less than 75 anli-Xa I I / kg per 

day),, depending on the indication. laboratory measurements included among 

otherss platelet counts and anti-Xa levels. For calculating the incidence of 

complications.. Only the first episode was counted and subsequent episodes were 

censored.. Relative risks and their corresponding 95% confidence intervals (CI) 

weree calculated using SPSS software (version 9.0). 

Results s 
Untill the present interim analysis 66 pregnant or postpartum women were treated 

withh LMWH. Thirty-nine women received L M W H during the entire pregnancy 

andd postpartum period, 13 during pregnancy only, and 11 in the postpartum period 

onlv.. None of the women had a history of allergy to unfractionated heparin or 

IAIWTLL Besides folic acid, women were not using other drugs. Skin complications 
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occurredd in 19 (29%) of the 06' women during L M W H use (Table 1), all except 

onee during pregnancy. These consisted of itching (n=13, 20%), local redness 

(n=1.5,, 23%)), subcutaneous infiltrates localised at the injection sites (n=7, 11%) 

andd pain during injection (n=2, 3%). Two women (3%) developed a generalised 

erythematouss rash with well circumscribed lesions of various size at the injection 

areas,, elbows, thighs and armpits. No other side effects of LMWH, especially no 

bleeding,, thrombocytopenia, skin necrosis, angioedema or anaphylaxis were 

reported.. There were also no signs of cholestasis. 

Skinn complications began 7 to 9.5 (median 26) days alter start o l 'LMWII , and 

disappearedd spontaneously or alter switch to another L M W H after 1 to 59 

(mediann 10) days. Although therapy had to be changed in 1,5 women (23%)), it 

wass not necessary in four women because of the mild course of symptoms. 

Fivee oi the 1.5 women (33%>) in whom the initial LMWH had been discontinued 

developedd new skin complications or had persistent complaints while receiving a 

differentt L M W H as second choice (Table 1). In 3 of these 5 women, signs and 

complaintss resolved after replacement of the second L M W H by Danaparoid; in 

Tablee 1 Types o l 'LMWII used as first, second and third choirc and skin complications. 

LMWHH ol Any skin First switch t< > Second Any skin Third 
til's!! choice complication another IA1WH choice complication choice 

too LMWH of LMWH in LMWH of LMWH 
lirsll choice second choice 

Nadropannn 21 11 (Ki%) 7(29"*',) 2 1 
L9.0000 anti-Xa II ' ml* 

Nadroparinn 'A9 (i (!>{,) 0(1.3%) 2 1 
9..K)0anli-XaH'' nil" 

Lnoxapannn 1 1(100%) I (100%) .> 1 
10.0000 aiiti-XalL nil* 

Dalteparinn 1 - - 1 1 -
2.).0()()) anli-Xa II ' nil* 

Tin/aparinn 1 1 (100%) 1 (100%) 2 1 
11 1.000 anh-Xa II ' nil* 

Danaparoidd - - - - - 1 
7,)00 anti-Xa II ml*-

Totall 00 1!) (2!H',) l~>  (23%) 1.) ."> C«%) 1 

inn one of these women using Danaparoid as third I .MWII symptoms persisted (see text). * All given 
inn therapeutic dosages. " 77 % was given as a therapeutic dosage 



onee woman (receiving Tinzaparin and Nadroparin (!)..)()() anti-Xa II Vml) as first 

andd second clioice, respectively) symptoms persisted during Danaparoid and 

labourr was induced in the 37th week of gestation for this reason; the remaining 

patientt (receiving Nadroparin (19.000 anti-Xa IlJ/ml) and Nadroparin (9..>()() 

anti-Xaa IU/ml) as first and second clioice, respectively) switched to vitamin K 

antagonistss from the Hi'1' to 3()lh week of gestation and subsequently tolerated an 

alternativee L M W H (Tinzaparin) during the rest of her pregnancy. 

Riskk factors lor development of skin complications were a history of former use 

off L M W H (RR 3..>, (a>%CI 1.1-11.1)) and inherited protein C deficiency (RR 

3.3(1.8-6.1)). . 

Discussion n 
W ee preferentially prescribed Nadroparin which makes it difficult to extrapolate 

ourr results to all LMWH. However, given the known and observed cross-reactivity 

wee conclude that skin complications occur far more frequently during long-term 

usee in pregnant women than reported during short-term use in non-pregnant 

individuals.. Furthermore, skin complications were a reason for alteration of 

therapyy in almost one-quarter ol' the pregnant women using L M W H for 

prophylaxiss or treatment of thrombosis. Because of the characteristic time relation 

betweenn start of L M W H and onset of skin complications, and the absence ol 

signss of skin necrosis, our patients are most likely to have moderate delayed type 

IVV skin reactions. 

Thee clinical course was self-limiting in most of the women alter switching to another 

LMWIII or a vitamin K antagonist, and no antihistaminics or corticosteroids were 

necessary.. However, about one-third of the women who had switched also had 

skinn complications on another L M W H , indicating cross-reactivity between 

preparations. . 

Ann alternative explanation for our observations could be pruritic urticarial papules 

andd plaques of 'pregnancy (PUPPP) '''. However, this common feature usually 

occurss during the last weeks ol pregnancy, and eruptions often become manifest 

withinn striae, which was different from the clinical picture in our patients. 

Althoughh subcutaneous tests are considered to be the gold standard in case of 

delayedd hypersensitivity type IV skin reactions, there is no consensus about the 

optimall diagnostic strategy', and we preferred a pragmatic approach in the 

managementt of skin complications -. 

Itt is of interest to note that pregnant women on the once-a-dav injection 



formulationn of nadroparin (19.000 anti-Xa If /nil) appeared to have an increased 

riskk of skin complications when compared to those using the lower concentration 

off the same preparation twice daily (observed difference: 3().•!•%, (7.Ö-.58.1)). 

Sincee these formulations contain the same substances, this observation cannot 

yett be understood. 

Inn the absence of alternative and sale anticoagulants during pregnancy, L M W H 

remainn the treatment ol choice, but physicians should be aware of skin 

complications,, and should instruct patients properly. A pragmatic approach to 

switchh to another L M W H when skin complications occur seems appropriate, 

sincee the majority of the patients will tolerate the other LMWH. 
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Abstract t 
T oo explore social aspects of asymptomatic carriership of factor V loeiden mutation 

(FVL)) and how carriers have experienced procedure of screening for FAT we 

havee performed a qualitative study using semi-structured interviews. Seventeen 

carrierss of FVL without history of venous thromboembolism (VTF) were 

interviewed. . 

Carriershipp of FVL has the potential to influence daily life by inducing concerns, 

stigmatisationn and problems with insurances. Furthermore, proper procedure of 

screeningg is important because cairiers have many questions concerning progeny, 

riskk factors for V T F and preventive measures. 

Rothh health worker and the individual to be screened for FVL need to be fully 

awaree of the possible consequences of screening and the fact that proper screening 

comprisess more than only the collection of a blood sample or explaining the 

amountt of risk for VTF induced by a genetic defect. Any guideline to be developed 

forr the screening for FVL should take tliis into account too. 



Introduction n 
Duringg the last two decades the increase in knowledge about the pathophysiology 

andd epidemiology of inherited thrombophilia has been impressive. However, 

despitee tliis progress and the fact that presently patients and their families are 

frequendyy screened, no attention has been paid to die social aspects of carriership 

off diese inherited risk factors; at least not in die available biomedical or social 

scientificc literature s. This is remarkable because in general, informing an individual 

onn his carrier status has die potential of causing negative effects on psychological 

statuss and may lead to social stigmatisation '2:'\ Furthermore, carriership may 

influencee daily life and work. For instance, knowledge of a genetic defect may 

causee distress and genetic discrimination. The latter has shown to exist in many 

sociall institutions, especially in healdi and life insurance industries 8 :\ 

Insightt in psychosocial aspects of screening for a genetic defect related to venous 

thromboembolismm (VTE) is also necessary for die management of diese patients. 

Inn the case of screening of patients with VTE and their families for thrombophilia, 

knowledgee of psychosocial effects should be used to develop guidelines on tiiis 

issue.. Guidelines may improve screening '. 

W ee have therefore conducted an explorative study in asymptomatic carriers of 

thee factor V Leiden mutation (FVL), die most common inherited dirombophilic 

factorr leading to an increased risk for VTE, to investigate whether screening for 

diiss defect had any social consequences. Because no research has been performed 

onn this issue, and because of the nature of our study questions, a qualitative study 

designn was chosen for tiiis purpose (,,/. 

Heree we describe the social aspects of screening for thrombophilia tiiat are relevant 

forr clinical practice. Furthermore, we propose how knowledge derived from our 

studyy could be implemented. 

Firstly,, we focused on die procedure of screening itself. Secondly, we explored 

possiblee FVL influences on daily life. It is important for daily practice to know 

howw individuals experience screening from die day at which blood was collected 

forr DNA analysis until the day their carriership was revealed, as is to know what 

kindd of questions usually occur after screening. This may provide tools to deal 

witiii diese aspects. 

Moree specific, we developed the following questions: 

1.. How did participants experience the procedure of screening and the 

informationn provided ? 

2.. Did the knowledge on FVL status have any influence on asymptomatic 

individualss concerning daily life, work, insurances and progeny? 



Methods s 
Recrui tment t 

Participantss were recruited from a large study cohort in which die incidence of 

VTEE in first degree relatives above the age of 1.5 of symptomatic carriers of FVL 

wass assessed 8. Between 199.5 and 1997 they have all been informed the same way 

andd seen in the same place as would he individuals for purposes of clinical practice. 

Afterr stratified sampling, 26 carriers of FVL without a history of VTL from 

differentt families, living in the area of Amsterdam, were invited by letter to 

participatee in this study ''. 

Off the potential participants, f) individuals did not wish to participate, while 3 

couldd not be reached because of change of residence. 

Off the 17 individuals that were interviewed, 8 were women and 9 men, varying in 

agee between 26 and .56 years, with various backgrounds and levels of education. 

Da taa Collection and Analysis 

Alll participants were interviewed by either a sociologist (MS) or a medical doctor 

(IB),, both experienced in in-depth interviewing. Nine interviews took place at 

thee participants' homes, while 8 persons were interviewed in the Medical Faculty 

1466 building. All interviews were tape-recorded with consent and transcribed later. 

Topicss were generated on the basis of a study of literature concerning genetic 

screeningg in general, including stigmatisation, assessment of risk, responsibility, 

preventionn and procedure of screening. The investigators conducted the 

semistructuredd in-depth interviews following a checklist of these topics. 

Twoo investigators (IB,MPRBS) carried out the analysis independently by the 

establishedd Riles of perfonningqualitative data analysis l(>. Their independent results 

weree compared and the central themes were used for further analysis. 

Dataa processing and analysis was an ongoing process in which central questions 

weree identified through a preliminary analysis "'. loiter on, data from different 

interviewss were categorised by these themes and compared by constant comparison. 

Sincee quotations are a rendering of spoken language, not all are grammatically 

correct. . 



Findings s 
Proceduree of Screening 

DayDay of Screening 

Beforee they consented to participate, participants had received written information 

onn study objectives, blood collection and FVL in general. Some of them had 

askedd their relatives who had participated earlier about what they were to expect. 

Thee visit to the hospital, including the blood collection, had not been stressful. 

Inn fact, it was as the participants had expected it to be: they knew how long their 

visitt to the hospital would last, how much tubes of blood would be taken and 

howw long they would have to wait for the (written) result. All appreciated the fact 

thatt they had received plain and detailed information, also because most of them 

hadd never visited a medical specialist. 

GeneticGenetic Status Result 

Thee result of testing for FVL was often discussed with partners and close relatives 

first,, sometimes also with close friends, and in a few cases with colleagues. Relatives 

weree the first line of support. Unfortunately, most participants did not remember 

whichh topics concerning FVL they had discussed. They did remember that directly 

afterr having received the result the fact whether FVL was also present in others 

orr not seemed most important. Other issues concerning implications of carriership 

weree discussed later on. Most questions concerning carriership occurred 

immediatelyy after reading the letter containing their genetic status, as illustrated 

byy participant X: 

'Questions,, real questions, they come as soon as you know that you are a carrier.' 

Thesee 'real questions' mostly concerned issues involving children, their own risk 

forr thrombosis and possible preventive measures. Nearly all participants consulted 

thee study-physicians in the period following disclosure of carrierstatus. It appeared 

thatt participants were aware of the most common transient risk factors for VTL 

suchh as surgeiy and pregnane}'. They indicated that their present knowledge 

concerningg these risk factors was mostly derived from the explanations given at 

thee day of screening, or later after receiving the result. 

Influencess of Carriership on Daily Life 

CC \)ncerns 

Participantss revealed that FVL has not changed their daily life or work. However, 



thiss sometimes contradicted with certain remarks during the interviews. For 

example,, one woman mentioned that FVL was not important. However, she 

appealedd to he alraid for the need to start anticoagulant treatment just like her 

motherr who had a history of recurrent episodes of \ T L . Furthermore, she had 

adaptedd some Iilestyle habits (like walking, cycling more often than be lore and 

quittingg use of oral contraceptives). Another example concerns two other 

participantss who discussed FVL often and had concerns about carriership. 

Therefore,, they had decided not to tell their children anything about FVL because 

'it'it might influence them negatively too'. One of them (Participant X) said: 

'Thiss factor results in thrombosis or pulmonary embolism when you become 

olderr and not likely before 14 or 15 years of age; for that reason I do not want 

too let weigh on their mind yet that knowledge [about FVL] so that they have to 

bee worrying about that now while they are still so young.' 

Finally,, we found that some participants seemed to be very aware ol their increased 

riskk for thrombosis in the fact that they often associated their (minor) complaints 

withh the possibility of FVL causing thrombosis. 
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Stignmtisation Stignmtisation 

Somee carriers lelt that others were sometimes more concerned than they were, 

resultingg in a kind of stigmatisation. One woman had been welcomed by her 

generall practitioner with 'You have got a problem', while she had been visiting 

himm for another medical issue. The general practitioner knew about her carriership 

becausee she had sent him a copy of the result a couple of months earlier. 

Afterr another participant had told some friends that she was carrying FVL, they 

hadd advised her to go to a doctor although she was feeling just line, because they 

connectedd some of her skin lesions to FVL. 

FVLFVL and Insurances 

Onee of our participants had been discriminated by an insurance company because 

off the FVL mutation. He would not have received a 100% disability insurance in 

casee he would have become unable to work because of VTL. He solved this 

problemm by asking the research physician to hel]). However, it has to be mentioned 

thatt none of the other participants had given information on carriership to 

insurancee companies. 



Progeny Progeny 

AA frequently asked question concerning genetic disorders in clinical practice is 

'doo my children have to be screened too?' Our studied population did not differ; 

forr example participant VII: 

Interviewer:: 'But what was the first thing you thought about when you received 

thatt letter (with the result)?' 

Participant:: 'My children. That is the only thing' 

Interviewer:: 'Could you explain that?' 

Participant:: 'Well, you are worried about the health of your children. Fortunately 

thee medical world does not come to a standstill. It is developing 

moree and more. W e then called to ask if it was necessary to screen 

ourr children too..' 

Manyy wanted to screen their children because they diought it to be useful. 

Neveitheless,, only few explained exactly why they wanted to know the genetic 

statuss of their children. They indicated that they wanted to decrease their 

daughters'' risk caused by pregnancy or use of oral contraceptives. 

Discussion n 
Inn this qualitative study, we observed that a well organisesd procedure of screening 

iss important and that carriership of FVL has the potential to influence daily life. 

Carriershipp raises various questions concerning risk, progeny and preventive 

measuress while stigmatisation and problems with insurances do occur. Thus, 

screeningg for FVL should not be considered as 'only a DNA test for die assessment 

off a risk profile'. 

Itt is well established that screening for markers associated with increased risk for 

aa disease or a disability has psychological impact ". However, Üiis has never 

beenn explored in asymptomatic individuals widi a thrombophilic disorder, a 

conditionn with incomplete penetrance. Although our participants have not 

experiencedd anxiety or changes of mood, concerns induced by FVL and a family 

historyy of VTL influenced their lives. The fact that our participants had some 

timee to adjust to the fact that they were carriers could however have softened the 

impressionss we have observed. 

Problemss with insurances do occur, while genetic status is often not disclosed to 

insurancee companies. This latter could induce problems for screened individuals, 



alsoo because laws are often inadequate to prevent forms of genetic discrimination, 

inn particular by the health insurance industry '-. 

Researchh has shown that discrimination occurs l u ' . For example, a study on 

perceptionss with respect to occurrence of genetic discrimination by health insurers 

showedd that about 2.)% of participants were discriminated with respect to life or 

healthh insurances M. Government quidelincs for insurance companies should 

stipulatee that an asymptomatic carrier of FVL is at risk for a mostly treatable 

condition,, without a shortened life expectancy ' ' ' . 

Finally,, we observed that individuals screened for FVL do appreciate explanations 

andd information on the procedure of screening, the genetic defect, and risk factors 

forr VTF. Because more questions arised after screening than before, additional 

supportt was needed. This is in accordance with the fact that most patients who 

havee little knowledge can only reach a correct interpretation of the information 

derivedd from testing by thorough counseling "'. A complicating factor is that both 

patientss and professionals have to realise that the annual incidence of VTF in 

asymptomaticc FVL carriers is low (about ()..> percent per year) and that in most 

situationss risks are only moderately increased as compared to non-carriers l /18 . 

Hence,, not much can be offered while there are important non-medical issues. 

Thiss study was not performed to find out the optimal counseling strategy. 

Nevertheless,, some of our findings may be of importance for proper counseling 

inn order to minimise potential non-medical complications of screening. For 

example,, professionals might be able to prevent or diminish some concerns by 

extensivelyy informing individuals who are to be screened on many issues of FVL 

andd VTF, including psychosocial aspects. They could for instance inform carriers 

thatt problems with insurances may occur and advise, but also learn more 

themselvess about this topic ' " ' . Furthermore, risk for psychological distress is 

assumedd to be increased if adequate patient education, genetic counseling and 

follow-upp are not provided 2""'. 

Althoughh informing on risks and other issues is a central component of any 

procedure,, it will not always be sufficient, like a study showed in which half of 

peoplee who came in with inaccurate knowledge did not to had accurate knowledge 

afterr counseling ~. 

Somee findings of this study could be used for screening for FVL until a guideline 

forr screening for FVL will be developed. These findings could also be combined 

withh some basic principles as proposed by Marteau and Croyle for screening in 

generall ~". Basic principles proposed by them, but also found to be of"importance 

inn our study, would include 1. a protocol how testing has to be conducted; 2. 



discussionn of'advantages and disadvantages of testing and potential testing results; 

3.. adequate follow-up for both individual and family. Some venous thrombosis-

specilicc issues should be added to facilitate it for FVL screening (e.g. information 

aboutt risk factors for VTL, preventive measures and/or inheritance patterns of 

FVL)) (Fable 1). By using these principles in a guideline for screening for FVL, 

wee believe that the needs of both individuals to be screened and professionals 

willl be better fulfilled. 

Tablee 1 Proposition for a guideline lor testing for FVL. 

AA protocol should include how laboratoiy tests are to be conducted and how communication 

withh patients is to be managed 
Generall (written) information should be given on venous thrombosis and its risk lactors 

Clearr and simple information should be presented about advantages and disadvantages of testing, 

ass well as the meaning of any possible Lest result 
Testt results should be explained and follow-up should be offered to all those tested, and if 

necessaryy to their relatives 
Mostt current advises should be given concerning thrombosis prevention, testing' of oilier family 

memberss and consequences for insurances 
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Abstract t 
Thiss paper describes a qualitative study ol carriers oi a genetic risk factor lor a 

commonn disease. As with many such risk factors of common diseases, this genetic 

riskk 1 actor has limited predictive value. Thus, knowledge of being a carrier of 

suchh a genetic risk factor is inherently problematic: The context of 'genetics' 

conveyss the notion of a blueprint for the future whereas 'limited predictive value' 

contradictss this. Thus, uncertainty characterises the carriers' notion of risk. Besides 

ann uncertain notion of risk, carriers had also developed different types of control 

givenn this uncertainty. This basic uncertainty also made different types of 

stigmatisationn processes possible. It is argued that the nature of the ellect of 

knowledgee of carriership is essentially relationally determined because of the 

hereditaryy aspects of this type of risk factor. Finally, it is argued that the only way 

too avoid the negative effects ol such knowledge of carriership is to clarify the 

paradigmm of the gene-environment interaction to both carriers and health 

professionals. . 



Introduction n 
Commonn diseases are neither purely genetic nor environmental, hut dependent 

onn interactions between genetics and environment '. The concept of gene-

environmentt interaction, therefore, is becoming a central theme in studies 

assessingg causes of common diseases in population 2"\ The research focus on 

thiss interaction acknowledges that genetic risk factors for most of the common 

diseasess generally have limited predictive value (low penetrance). Because of this 

limitedd predictive value, knowledge of having a genetic risk factor for a common 

diseasee does not imply clear-cut health benefits for the carrier of the risk factor. 

Therefore,, what becomes all the more important to investigate, is how knowledge 

off such genetic risk factors is shaped by the social environment in which it is 

disclosed.. In this paper we report on a qualitative case study of this (cognitive) 

gene-sociall environment interaction as expressed by participants in a research 

studyy who turned out to be carriers of an inherited thrombophilic factor: the 

factorr V loeiden mutation (FVL). 

FVLL contributes to risk lor venous thromboembolism. Much research on FVL 

hass already been performed ' which might explain why FVL is often used as an 

examplee in scientific articles when discussing the scientific and policy implications 

off genetic risk factors for common diseases H'. Curiously however, to date there 

hass been no study of how carriers of FVL deal with their knowledge in spite of 

thee fact that it is the DNA-based test most commonly ordered in the United 

Statess •'. Also, knowledge ol how carriers of FVL deal with their carriership seems 

veryy pertinent when using FVL as an example in discussing the wider scientific 

andd policy implications of genetic research for common diseases. The absence 

off such studies of how carriers of FVL manage their carriership defines the present 

studyy as a preliminary study having all the markings of being explorative. 

Otherr genetic risk factors with limited predictive value have been studied for the 

effectt this knowledge has for the carrier. There is the useful study of familial 

hypercholesterolemiaa which concluded that there were no important adverse 

qualityy of life effects in the short or long term for the participants ''. However, 

effectivee lipid lowering therapy exists for this risk factor. For FVL, on the other 

hand,, there is no medical control available in the sense of a daily therapy that can 

bee used indefinitely. 

Therefore,, informing participants in a research study that they are carriers of 

FVLL is problematic since they themselves have to come to grips with the knowledge 

inn the absence of medical control. In these cases, predictive medical testing has, 

forr the individual being tested, the function of producing uncertainty. Hence 



predictivee medicine, in these cases, produces lor the individual the need to manage 

thiss uncertainty. 

Withinn a cohort study we explored the ways in which carriers responded to such 

uncertainty.. Their responses have implications not only lor testing for FVL and 

otherr inherited thrombophilia factors, but also implications for future research 

studiess of genetic risk factors for common diseases in which standard preventive 

measuress are absent. Such type of genetic testing is bound to increase as more 

geneticc risk factors are used in studies of the gene-environment interaction basic 

too most common diseases. 

Inn other words, the following three characteristics of testing for FVL are of 

importancee in understanding the impact that knowledge ol having this genetic 

markerr has for the carriers: 

1.. Because of the limited predictive value of this genetic marker the knowledge 

off being a carrier is not linked to knowledge on clear-cut consequences. "This 

inn contrast to genetic markers with strong predictive value, as for example the 

geneticc marker of Huntington's disease, the knowledge of which produces 

certainty. . 

2.. Because there are no standard accepted preventive measures available, the 

knowledgee of being a carrier cannot be managed, and thus to a certain extent 

neutralised,, through medical control as is possible in e.g. genetic screening 

forr familial hypercholesterolemia. Carriers of FVL have to develop their own 

notionss of management. 

3.. The amount of people receiving the information that they are carriers of a 

commonn genetic- marker (with limited predictive value and limited medical 

control)) of a common disease will very likely increase. This is because so 

muchh can be gained through research studies ol such genetic markers to 

determinee which combination of gene-environment interaction are most 

causativee in the multifactorial basis of common diseases. Such knowledge can 

leadd to diagnosis and treatment in the future tailored to individual variation in 

riskk factor constellations. 

Methods s 
Participants s 

Participantss were recruited in 2001 from a large study cohort in which the 

incidencee of venous thromboembolism in first-degree relatives above the age of 

1.)) of symptomatic carriers of FVL was assessed between 1995 and 1998. 



Afterr stratified sampling, 26 carriers of FVL without a liistory of' venous 

thromboembolismm from different families, living in the area of Amsterdam, were 

invitedd by letter to participate in this study. Of the potential participants, 6 

individualss did not provide informed consent, while 3 could not be reached 

becausee they had changed residence. Of the 17 individuals that were interviewed, 

88 were women and 9 men, vaning in age between 26 and 56 years, with various 

backgroundss and levels oi education. 

Interviews s 

Alll participants were interviewed by either a sociologist (MPRHS) or a medical 

doctorr (IB), both experienced in in-depth interviewing. Nine interviews took 

placee at the participants' homes, while 8 persons were interviewed in the Medical 

Facultyy building. All interviews were tape-recorded with consent and transcribed 

later. . 

Fourr different interrelated topics were covered during the semi-structured 

intervieww with the carriers; their developing knowledge and experience of having 

thee FVL risk factor, their general experience of health and disease, their relation 

too others (family, work, insurance etc) and their notion of prevention. The 

sequencee of questions were meant to support a chronological story of the carrier 

(startingg with; 'when did you first hear about FVL?'). Although the answers were 

sometimess extensive, such a chronological story did not, however, develop. This 

reflectss the fact that FVL did not appear to be a big issue for them and did not 

seemm to have much of an impact in their lives. It became clear to us that it would 

nott be possible to analyse their experience with FVL in terms like 'anxiety', 

'coping',, 'depression' etc. simply because nothing they said concerning FVL could 

falll under the heading of one of these 'serious' terms. So we realised that our 

analysiss of the interviews had to be straightforward and explorative. 

Dataa Analysis 

Thee interviews were digitally recorded and transcribed verbatim. W e analysed 

thee data in three steps. Firstly, using open coding, we identified passages of the 

textt that related to carrier's perception of their genetic risk, and, any change (in 

conductt of life or outlook) that might be construed to be a consequence of this 

knowledgee of genetic risk. Secondly, using axial coding we further analysed the 

changess by comparing them with each other. Through this comparison the two 

commonn denominators of''control' and 'stigma' emerged as characterising these 

changes.. Thirdlv, through a conceptual analvsis of the instances expressing these 



twoo denominators, the different types oi control and the different types of stigma 

emergedd tliat are reported on in this study. In outer words, analyses of the passages 

inn the interviews that fell under the heading of either 'control' or 'stigma' revealed 

thatt these passages signified a specific type of control or stigma. For example, the 

passagess in the interviews that expressed a stigma conferred by medical doctors 

wass subsequently labelled 'medical stiginatisatioii'; a specification of the common 

denominatorr 'stigma'. 

Results s 
Analysess of the interviews revealed three intcnelateri areas, namely, uncertainty, control 

andd stigma, in which the earners had processed their knowledge of being a carrier of 

FVL.. Briefly, the nature of this intenelatedness: as a ]x>int of departure, their jxTception 

off the risk of venous thrombosis itself was uncertain and vague. This uncertainh was, 

onn the one hand, seemingly countered by notions of how it might be controlled. On 

thee other hand, this uncertainty had made stigmatisation possible. 

Uncertainn Knowledge 

Onn the day that their blood had been tested in the hospital (anywhere between 

199.>> and 1998) all participants had been extensively informed about FYL and 

venouss thromboembolism. Furthermore, all participants had been informed by 

maill in the summer of 2001 of the main research results of the study programme: 

thaii the annual incidence of venous thromboembolism is 6 per 1000 carriers, 

thaii this is ,) to 0 times higher than the general population but not enough to 

warrantt routine family screening of suspected carriers. Our interviews took place 

sixx months to one year alter they had received this information. 

Inn the course of the interview it became clear that the risk perception of all the 

participants,, except one, was very unclear. 

Alll participants were asked to explain, in llieir own words, what they took to be 

theirr risk of thrombosis given the fact that they were carriers of FVL. The 

interviewerr always applied probing questions if the first response was vague. But 

respondentss either drew a blank or kept giving a vague answer: 

'No,, I don' t really know how big the risk is.'; 

'Well,, it is a risk, but I can't really say; I'll get it, or, I won't get i t ' ; 



Thee only thing I know is that it is quite a bi t ' ; 

'Well,, less than 30%, this is a bit of a pointer to indicate that I don't think the 

chancee is very big.' 

Thee impression ol a vague answer was often amplified when they seemed to 

undoo their own estimation: 

'II would gamble about 20 to 30%, but I really don't know for sure. I hope that 

thee chance is very small. I actually don't have any idea.'; 

'Thee chance is big. I don't have any idea how big.' 

AA certain measure ol' fatalism could sometimes be discerned in the way they 

conveyedd what they took to be the amount of risk involved: 

'Likee if I come under a bus tomorrow. Yes. You understand? That's how I see 

it.. Anyway it's hereditary and you can't do anything about it. You just have to 

learnn to live with it and that's it.' 

Soo the participants had a vague knowledge of a chance of a possible great 

misfortunee but without being able to elaborate on the specific chance, circumstance 

orr context. The one exception was a biochemist who stated that the chances of a 

carrierr developing thromboembolism was relative to bodily condition, pregnancv 

orr immobility, in fact, exemplifying the gene-environment interaction. 

Itt is significant that, in general, such possible contextualisations are not part of 

theirr definition of risk. This fact underlines the vagueness and thus uncertainty, 

becausee the risk is unclear not only as an absolute measure but also unclear as a 

riskk relative to a specific context. This does not mean that they were ignorant of 

possiblee risk contexts (see next section), we can merely assume that it is not part 

off their standard evaluation, or fixed idea, of their risk. 

Inn the context of health and illness, uncertainty is logically connected to 'control1 

andd 'stigma'. Control is a means of countering the threat of uncertainty, while 

stigmaa may very well develop in connection with illness when the basis of illness 

iss uncertain (as for example the stigma that appeared in the early phase of the 

AIDSS epidemic when the public knowledge was uncertain). The negative 

connotationss implied by 'illness' may then easily push aside uncertainty in a social 

environmentt dealing with uncertain knowledge. 



Control l 
Medicall Control 

Alll participants were aware of the fact that the special circumstances of a medical 

situationn implied the possibility of medical control. So being a carrier had the 

positivee function that health workers could be informed, thus providing some 

measuree of control in medical situations, especially with respect to operations, but 

alsoo accidents or emergency situations were mentioned. The advantage ol having 

thiss knowledge, however, was deflated if the participants had undergone surgery: 

Interviewer:: 'So you did just mention that if there is an operation then it's up 

frontt in your head.' 

Participant:: 'No, not really, not really, I've had a few and then you get, just like 

everyy body else, an injection needle in your stomach or pills to 

anticoagulatee your blood, and after a few days it stops and then it's 

finished.' ' 

\Vcc also encountered the assumption that medical control could he indefinite; 

1600 ï l s ti (possible) standard preventive measure by means of anticoagulants. One 

womann was puzzled and somewhat perplexed when the drug was withdrawn 

fromm her grandfather who subsequently developed thrombosis. Two other 

participantss were sure that they would be on anticoagulants when they got older. 

Thevv had not been informed about this by health workers, but simply assumed 

thatt this was what was going to happen because the relative who suffered from 

thrombosiss was given anticoagulants. 

Threee women had stopped taking oral contraceptives, one on her own accord and 

twoo following the orders of their general practitioner. For example one ot these 

women,, upon informing her general practitioner that she was a carrier, was simply 

toldd that she should not have the pill and that she should try to stop smoking. 

Finally,, it should be mentioned that the future possibility ol'developing medical 

controll was the main reason mentioned for participating. Mostly, they first 

mentionedd that they had participated for the sake of science, or for the sake of 

thee relative first found to be a carrier. After probing these answers, possible 

futuree medical control was mentioned as for example: 

'Maybee something will come out of it so that my children can receive some 

preventivee measure, that's the way we have been talking about this.' 



Thiss illustrates the extent to which participation in genetic screening programmes 

iss motivated by altruistic motives, familial altruistic motives. Furthermore, for tire 

medicall scientist, this points to social mechanism responsible for motivating people 

too participate, a mechanism that is specific to genetic screening. 

Contro ll through Relatrvising 

Often,, respondents defined their personal appreciation of tire risk by comparing 

itt with something much worse, thus relatrvising FVL, which meant for them that 

thee threat was weakened. For example, one respondent had rheumatic arthritis: 

'Actually,, I haven't thought much about it, because that other thing, the rheumatic 

pain,, dominates everything.' 

Andd a respondent who had no disease: 

'II don't think its such a burden to know i t I find the threat of cancer much 

worsee than this. More life threatening.' 

Anotherr was very afraid of Alzheimer's disease, so the FVL was in no way a 

problemm according to him. Relatives who have not yet been tested may also draw 

conclusionss based on a comparison: 

Interviewer:: 'How old are your children?' 

Participant:: 'Five, ten and twelve.' 

Interviewer:: 'Do they know that you have a genetic risk factor?' 

Participant:: 'Yes, but they believe that a genetic risk factor for cancer is much 

worsee than that something in your blood is maybe a bit different 

thann in another person's blood.' 

AA special variant of relatrvising die risk is die use of humour. A man related: 

'Whenn I got the letter I started to make jokes like; "God, I have a big risk....' 

Alll these cases concern a relativisation of FVL making it more insignificant in die 

processs than if FVL had remained a new and thus strange defining term of their 

body.. Genetic testing also affects others than die ones who have been tested. 

Therefore,, children who are informed also participate in this process of relatrvising, 



thuss making the term more manageable. 

Temporall Control 

Theree were two ways in which their concerns were future concerns and therefore, 

att the present moment at least, under control in the sense of not being an 

immediatee threat. Firstly, the actual development of thrombosis was connected 

too old age: 

'II know it's something I will be involved with when I get older, but at the moment 

II don' t think about i t ' 

W ee see here that pushing the concern into the future was coupled with 

minimisationn of the threat implied by carrier knowledge (on minimisation in 

connectionn with genetic testing, see Marteau and Croylc '). 

Secondly,, their children. Given that they themselves had been screened, it was 

nott surprising that all parents had thought about screening their children, although 

theyy varied in the extent to which they had brought it up with their general 

practitioner,, and they varied with respect to the age they believed it might In

appropriatee to screen. Discussion was spent on describing the different pros and 

1622 cons of having them screened. In these discussions there was no indication of 

minimisationn of the risk, but sometimes there was relief that the decision had to 

bee taken in the future and need not be resolved now. They were content-wise 

concernedd with when and if their children should be tested, and in this there was 

noo relativisation, there was no mention that they therefore were not concerned in 

thee present, as was the case with the abovementioncd form of temporal control in 

whichh there is an expressed absence of present concern. This distinction between 

twoo forms of temporal control may seem circumstantious, but this last form of 

futuree control does point to the distinctive problems of genetic testing in contrast to 

non-geneticc testing; concern with the future possibility ol testing children. 

Onn the basis of the present study it is, of course, not possible to conclude on the 

levell that this felt need to decide in the future concerning children is a burden for 

thesee parents, nor the level to which guilt might be felt in (possibly) passing this 

futuree threat on to their children, lint children did seem to be a relatively big 

issue,, children were often mentioned as the reason why they participating in 

screeningg for FYL. For example, one man related that the only reason why he 

participatedd in the screening was because of his children; to find out if they had 

aa chance of having it because he thought that was much more important then 

findingg out for himself if he had it. 



Stigmaüsationn Processes 

Fourr different ftpes of stigmatisation processes could be distinguished; stigmatising 

thee future, familial stigmatisation, institutional stigmatisation and medical 

stigmatisation. . 

Stigmatisingg the Future 

Apartt from present parenthood, there is also future parenthood; a person widi 

noo children but at an age that parenthood is a possibility in the luture. In such 

cases,, knowledge of 'being a carrier of FVLcan stigmatise the notion of parenthood, 

thereby,, in fact, questioning future parenthood. A woman of 27 years old: 

'Iff in the future I want to have children, then I know of course that I may be 

passingg this on, and you're conscious about that. You have to think it through 

veryy well, do you want to do that to your children, yes or no ' 

Thiss example highlights the central difference between genetic and non-genetic 

testing.. It is common knowledge in medicine that non-genetic testing can have 

stigmatisingg effect on the participants. There is the well-known study of changes 

inn absenteeism among working men due to hypertension screening8. But the lay 

person'ss risk perception of a genetic risk factor, on the other hand, obviously 

includess a hereditary aspect and can therefore have strong and direct relational 

implications,, as for example in this case, stigmatising the future relationship found 

inn the concept parenthood. 

Familiall Stigmatisation 

AA different form of familial stigmatisation was that found with respect to present 

familyy members. For example, other family members who had refused to 

participatee in the screening were seen to have made a 'sticking your head in the 

sand'' decision. But familial stigmatisation could also take the form of experiencing 

'feltt stigma'f); a carrier feels himself as being inferior to his brothers because they 

turnedd out not to be carriers, whereas he, besides the other illnesses he already 

hass and they do not have, is again the victim. He related that he had avoided his 

brotherss after he learned that he was a carrier so that this topic of his being a 

carrierr would not be raised. 



Institutionall Sügmatisation 

AA special variant of stigma is what might be called institutional stigma; an insurance 

companyy excludes a client from insurance after obtaining information that die 

clientt is a carrier of FVL. ( )ne participant descr ied his indignation at l>eing excluded 

fromm life insurance because he had truthfulh written down that he was a carrier of 

FVL.. Luckily, in tiiis particular case, the earner was able to bring the power of his 

employerr to bear on the insurance company, thus undoing his exclusion. 

Anotherr participant wanted to raise his mortgage, which would have meant reusing 

hiss present mortgage conditions. He abstained from doing it, explaining that one 

oll the reasons was that he was afraid that he would have to mention the fact that 

hee was a carrier of FVL. In other words, financial institutions need not necessarily 

discriminate,, nevertheless, the (imagined or real) possibility of discrimination 

cann have a stigmatising effect. 

Medicall Sügmatisation 

'Hiee cases of stigma arising from interpersonal interaction all involve medical 

doctors. . 

1644 For example, one woman worked with dilferent doctors in the area of medical 

insurance: : 

'Att my work suddenly people started reacting like; 'oh, how terrible'. And I 

thoughtt 'how terrible'? I don't have anything. And then they start noticing things 

aboutt me, for example I get a lot of blue spots, you just have to look at me and 

II get a blue spot, and then suddenly all these doctors at my work started to see 

connections.... ' ' 

and d 

'II have a new general practitioner, and I enter his office, and he begins 

immediatelyy with 'you have a problem', he was very interested in genetic research, 

hee said he was very involved, also in his own general practice.. I found that very 

strange,, that one's general practitioner reacts like that.' 

and d 

'theyy tested ... and I thought it was a cryptic letter, because they wrote, 'you have 



aa defect', and I didn't really think it was the way it should be circumscribed.' 

Itt is significant that in all these cases the participants reacted to the proposed 

stigmaa by deflating the possible stigmatising effect. Deflating through denial ('I 

don'tt have anything') feigned astonishment ('I found that very strange') or a simple 

negativee definition (wrong circumscription) of the stigma. 

Discussion n 
Thiss qualitative study has shown that knowledge of being a carrier of a genetic 

riskrisk factor with limited predictive value has a small but important effect on the 

carrier.. This effect would probably not have been detected if the more 

conventionall survey research method, using quality of life scales, anxiety scales 

orr depression scales, had been applied. Nevertheless, die limitations of this type 

off qualitative study should be acknowledged. Analyses of a limited number of 

casess says little about the overall prevalence in a larger population of carriers of 

diee effect we have found. Our ambition was more limited; to explore the nature 

off the effect of knowledge of carriership. 

W ee suggest that the results of this qualitative study point to a basic social 

mechanismm that is set in motion when a genetic risk factor, with limited predictive 

value,, is processed by carriers. A genetic risk factor, in spite of having limited 

predictivee value, may have an impact on the social environment in which it is 

disclosedd precisely because 'hereditary' means by definition relational and thus 

social.. For an individual, therefore, the social environment of die family is what 

shapess the meaning of a genetic risk factor for a common disease. This back and 

forthh conferring of meaning, that is, the genetic risk factor is shaped by the social 

environment,, and, the social environment in turn may be shaped by the genetic 

risk,, raises a number of issues that are specific to genetic testing as opposed to 

non-geneticc testing. 

Mostt problematic is how die social environment may be shaped by the knowledge 

off having FVL. This was illustrated by die woman who was of die opinion that 

thee future decision of whether or not to conceive a child needed serious 

consideration.. This points to a very important area which the medical doctor 

shouldd be aware of. Genetic risk factors with limited predictive value generally 

doo not fall under die responsibility of clinics for genetic counseling. The medical 

doctorr receives die information diat a patient is a carrier and has to process tiiis 

informationn witii the carrier. It is obviously vital that the medical doctor is aware 

off the difference between a genetic and a non-genetic risk factor. With respect to 



aa genetic risk factor, the present and future family situation needs to be considered 

withh the carrier. This implies quite a work burden for the medical doctor. It is 

nott enough to simply inform the carrier of the risks involved. Since the perception 

oll the carrier may change overtime due to a different family situation or due to 

beingg informed of new scientific developments, the medical doctor mav have to 

repeatt with the carrier the discussion of the subject. This cannot be limited to 

carrierss who might wish to be a parent in the future, the medical doctor also has 

too be invoked with parents whose children are growing up and who may be 

changingg their perception of the need to have their children tested. This calls for 

subtilee communication; it should be appreciated that informing a carrier of a 

genetic-- risk factor with limited predictive value is difficult. As Baird writes: It is 

muchh easier to transmit the idea that 'genes causes illness' than the idea that 

geneticc makeup interacts over a lifetime with life circumstances and exposure to 

determinee health''". It is certainly important that this contextual concept of genetic 

riskk factors for common diseases is well understood by both lav people and 

healthh professionals. Only then can the research paradigm of the gene-

environmentt interaction be implemented without producing the various tvpcs of 

stigmatisationn processes that we have encountered in our studv. 
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Abstract t 
Determiningg the optimal duration oi' vitamin K antagonist therapy lor patients 

withh \enous thromboembolism ( \TE) requires a weighing of both the long-term 

effectivenesss of treatment and the risks and burden for patients. We elicited 

utilitiess for health states related to VTE and treatment with vitamin K antagonists 

fromm ,)3 patients who had experienced an episode of VTE, 23 patients who had 

experiencedd a major bleeding event during treatment, and 48 patients with the 

post-thromboticc syndrome, using the time trade-olf method and direct rating. 

W ee also evaluated patients' preferences for either continuation or cessation ol' 

treatmentt alter three months of therapy using treatment trade-off questions. 

WcWc found that median utilities ranged from 0.33 for 'non-fatal haemorrhagic 

stroke'' to 0.96 for 'no VKA treatment'. There was substantial variability between 

patients,, with the largest intcr-quartile range for pulmonary embolism (().,>()). 

Patientss also varied in the reported threshold for accepting further treatment: 
cc2!)%2!)% of patients were not willing to accept any risk ol recurrent VTE after cessation 

off treatment, whereas 23% of patients chose for cessation of treatment, regardless 

thee probability presented for recurrent \ T E . Differences in utilities and treatment 

trade-oill were not associated with type of event experienced. 

W ee conclude that patients are able to value health states related to VTE and 

vitaminn K antagonist therapy and to balance the benefits and risks associated 

withh treatment. Due to the substantial and unpredictable variability between 

patients,, recommendations regarding treatment duration should be tailored to a 

patient'ss specific values and concerns. 
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Introduction n 
Thee clinical effectiveness of treatment with vitamin K antagonists in the prevention 

of'recurrentt venous thromboembolism (VTE) has been well established. However, 

duringg vitamin K antagonist therapy patients have a tendency to bruise and bleed 

moree readily, they have an increased risk of'major bleeding, and frequent blood 

testss are needed to allow laboratory testing and subsequent dose-adjustments. 

Determiningg the optimal duration of treatment requires a weighing of both the 

effectivenesss of* treatment as well as the risks and the burden to patients. 

Explicit,, quantitative expressions of patients' valuations - or utilities - of all healdi 

statess related to VTE and its treatment with vitamin K antagonists can help in 

makingg balanced decisions on the duration of treatment. Patient utilities can be 

incorporatedd into a formal decision analysis to evaluate whether the effectiveness 

off treatment outweighs die risks and burden of treatment. Alternatively, one can 

askk patients directly and explicitly to make a trade-off between the benefits and 

riskss of' a specified treatment duration. Such treatment trade-off questions may 

offerr a more realistic reflection of the actual decision dilemma, and could be 

moree useful for individual patient decision making '. 

Previouss studies in patients with atrial fibrillation have shown that differences in 

patientt utilities can substantially alter the optimal duration of treatment for specific 

patientt groups 2"''. In addition, the assessment of treatment trade-offs has shown 

too improve patients' understanding of the benefits and risks associated widi vitamin 

KK antagonist therapy, which may help them make definitive choices about 

treatmentt duration ''. Treatment trade-offs have also been shown to vary 

considerablyy between physicians and patients at risk lor atrial fibrillation7. These 

findingss emphasise the importance of taking patients' views into account when 

decidingg on the optimal duration of treatment after VTE. 

Itt is an open question whether utilities and treatment trade-offs for scenarios related 

too VTE and its treatment differ between patients. If so, and it die magnitude of 

thesee differences is substantial, the construction of clear and simple recom

mendationss for all patients may not be possible. In that case, recommendations 

havee to be tailored according to the patient's actual utilities or treatment trade-offs. 

Thee objectives of this study were to assess patients' utilities for health states related 

too VTE and its treatment with vitamin K antagonists, as well as patients' treatment 

trade-offss for either continuation or cessation of treatment after three months of 

vitaminn K antagonist therapy. We wanted to determine the level of variability in 

thesee utilities and treatment trade-olfs, as well as the extent to which utilities and 



treatmentt trade-oils can he associated with prior experience with these health 

statess and patient characteristics. 

Methods s 
Patients s 

Threee groups of eligible patients were recruited between October 2000 and June 

2002:: (1) newly diagnosed patients with a first or second episode of \ T E lor 

whomm treatment with vitamin K antagonists had been started; (2) patients who 

hadd experienced an episode of major bleeding during treatment with vitamin K 

antagonistss in the previous year; (.'}) patients with a post-lhrombolic syndrome, 

diagnosedd at least one year after an episode of deep vein thrombosis, who had 

beenn treated with vitamin K. antagonists for at least three months. We selected 

thesee three different groups because we wanted to obtain valuations and 

preferencess from patients with prior experience with \ T E , treatment with vitamin 

KK antagonists, as well as patients who had experienced some of the potential 

downsidess of treatment. 

Thee diagnosis of deep venous thrombosis was established using compression 

ultrasonographyy or venography. The diagnosis of a pulmonary embolism was 

establishedd by either perfusion-ventilation lung scan or pulmonary angiography. 

Majorr bleeding was defined as: bleeding leading to a fall in the haemoglobin 

levell of at least 1.2.1 mmol/L, bleeding that required a blood transfusion or hospital 

admission,, and bleeding leading to residual complaints. For the diagnosis of the 

post-thromboticc syndrome we applied the criteria used by Brandjes et al.'s. 

Excludedd were patients younger than 18 years, patients with cancer or other 

seriouss co-morbidity, as well as patients with an insufficient knowledge of the 

Dutchh language. The study was performed in three academic centres: the 

Academicc Medical Center in Amsterdam, the University I lospital of Groningen 

andd the University Hospital of Maastricht. In each centre, the study had been 

approvedd by the institutional review board. 

II nte mew 

Patientss were invited to the study by a physician or research nurse, who explained 

thee purpose of the study and provided written information. After written informed 

consentt had been obtained, arrangements were made lor an interview. Since we 

wantedd patients to have experienced treatment with vitamin K antagonists at the 

timee of the interview, patients with an episode of VTE were interviewed 



approximatelyy three months after inclusion. Patients who had experienced a 

majorr bleeding event and patients widi a post-thrombotic syndrome had been 

treatedd with vitamin K antagonists, and were therefore contacted a few days after 

inclusion,, to schedule an interview appointment. 

Alll patients were interviewed by one of four trained interviewers. For quality 

control,, each interviewer audio-taped three of the ten first interviews and received 

detailedd feedback. On average, the inteniew lasted 62 minutes (range 32-130). 

Healthh State Descriptions 

Writtenn descriptions of eight health states associated with \ T E and its treatment 

withh vitamin K antagonists were developed, based on information provided by 

clinicall experts in the field. In addition, patients were asked to value their 'own 

currentt health', so a total of nine health states were evaluated. The four chronic 

healthh states were 'non-fatal haemorrhagic stroke', 'post-thrombotic syndrome', 

'noo treatment with vitamin K antagonists', and patients' 'own current health'. 

Thee live temporary health states were 'deep vein thrombosis', 'pulmonary 

embolism',, 'gastro-iiitestinal bleeding', 'muscular bleeding', and 'treatment with 

vitaminn K antagonists'. Each scenario was labelled, written in the third person, 

andd described outcomes on physical, psychological, and social dimensions. 

Separatee versions were used for men and women. As an example, health state 

descriptionss for 'treatment with vitamin K antagonists', 'deep venous thrombosis', 

andd 'non-fatal haemorrhagic stroke' are provided in the appendix. 

Utilityy Assessment 

RmikRmik ordering procedure. Patients were first asked to rank order the health states 

fromm least to most preferred. Next, they were asked to assign utilities to the health 

statee descriptions with the direct rating method and the time trade-otf method. 

DirectDirect niting. Patients rated the health states by marking a horizontal visual analogue 

scalee anchored at the ends with the states death (0) and perfect health (100). W e 

usedd direct rating as it is easy to understand although some feel that the scores 

producedd cannot be regarded as true utilities, as there is noo trade-oil" involved ". 

TimeTime tnide-oll With the time trade-oil' method patients were asked to choose 

betweenn their remaining life expectancy (/) in a specific health state, and a shorter 

lifee span in perfect health. The duration of the time in perfect health (\) was 

variedd until the patient reports indifference between the two options. The value 

forr the health state under evaluation was calculated by dividing vby /. W e used 

thee time trade-olf for the chronic health states. Since temporary health states are, 



byy definition, not followed by death, the time trade-off constitutes an unrealistic 

choicee for these health states. Several adaptations of the time trade-off have been 

proposedd for the evaluation of temporary health states --1"-1-. In this study, we 

convertedd the values of the nine health states obtained with the rating scale to 

timee trade-off values, using the following power function: 

776»== 1-(1 - /ÖV 3 

wheree R stands for values obtained with direct rating to be converted to time 

trade-offf values, 7 7 G>. The power function was fitted for chronic health states, 

too match the values obtained with the direct rating method to values obtained 

withh the time trade-off. The value of a was calculated, based on the original 

valuess for chronic health states obtained with the time trade-off, using non-linear 

regiessionn analysis. The converted values will be referred to as utilities. 

Treatmentt Trade-oft 

Patientss were presented with a written hypothetical scenario. They were asked to 

advisee a close friend, treated with vitamin K antagonists for three months after an 

episodee of VTE on the following two choices: continuation of treatment for 

anotherr two years or cessation of treatment. Continuation of treatment would 
1722 involve regular blood tests, a tendency to bruise and bleed more readily, a 3% 

chancee of a major bleeding event, and a 2% chance of a recurrent episode of 

V I EE in the next 2 years. Cessation of treatment was associated with a specific 

probability-- of a recurrent episode of VTE. Four values were presented in random 

order:: 3%, .5%, 10% and \5%. For each of these four probabilities of recurrent 

VTE,, patients were asked to ch<x>se l)etwecn continuation and cessation of treatment 

withh vitamin K antagonists. The treatment threshold was defined as the smallest 

riskk of recurrent VTE a patient was willing to take after cessation of treatment. 

Additionall Measures 

Thee presence of a family history of \ T E was registered at inclusion. In addition, 

alll patients received a questionnaire a few days after inclusion, which included 

questionss on marital status, educational level, and employment status (i.e. low, 

mediumm or high). 

Statisticall Analyses 

T oo test if utilities and treatment preferences differed among patients after an 

episodee of VTE, a major bleeding event, or after the diagnosis of the post-

thromboticc syndrome, Kruskal-Wallis tests were performed. To determine 



whetherr patient characteristics (gender, age, marital status, educational level, 

employmentt status and family history of VTE) were related to utilities and 

treatmentt preferences, Somers' d tests were performed ' l. P-values < 0.05 were 

consideredd statistically significant. 

Results s 
Patients s 

Off 1.59 eligible patients, 129 (81%) gave consent. Five patients died before the 

intervieww could take place, so 124 (96%) patients were interviewed: «53 (43%) 

patientss after an episode of VTE (deep venous thrombosis n = 38; pulmonary 

embolismm n = 15), 23 (18%) patients after a major bleeding event, and 48 (39%) 

patientss with the post-thrombotic syndrome. Their average age was .53 (range 21-

8«5),, approximately half of patients were female (.53%), married (.5.5%)) and 

unemployedd (49%>). Most patients had a medium educational level (40%). In 

1044 patients it was known whether the patient had a family history of VTE or 

not.. Of these patients 35% had one or more relatives with VTE. The average 

timee between inclusion and the interview was 13 weeks for patients in the VTE 

group,, 6 weeks for patients in the major bleeding group, and 4 weeks for patients 

inn the post-thrombotic syndrome group. 

Utilities s 

AA separate power function was fitted for each patient and the median a (1.996) 

wass used in the final transformations. The rankings and utilities of the nine health 

statess are shown in Table 1. There was substantial variability among patients, 

withh largest inter-quartile range for pulmonary embolism (0..50). Median rankings 

weree equal for 'no treatment with vitamin K antagonists' and 'own current health' 

andd also for 'gastro-intestinal bleeding' and 'pulmonary embolism'. Compared 

too the median rankings of'post-thrombotic syndrome' and 'deep venous throm

bosis',, the rank order of the median time trade-off scores was reversed. 

Kruskal-Walliss test statistics indicated that utilities did not differ significantly among 

patientss after an episode of VTE, a major bleeding event or alter the diagnosis of 

diee post-thrombotic syndrome. Of the patient characteristics, marital status and 

familyy history were significantly associated with utility scores. Married patients 

hadd higher scores for 'deep venous thrombosis' (p = 0.02), 'pulmonary embolism' 

(pp = 0.02) and 'non-fatal stroke' (p - 0.02). Patients with a family history of VTE 

hadd lower scores for 'no treatment with vitamin K antagonists' (p = 0.01). 



'fablee 1 Ranking and median lime trade-*ill scores tor own current health and the health states associated 
withh \ T H and its treatment with vitamin K antagonists (YKA). 

Healthh stale Rankk median Timee trade-oil' median (IQR) 

Noo YKA treatment 
Ownn current health 
YKAA treatment 
Post-throinlx>ticc syndrome 
Deej)) venous thrombosis 
Muscularr bleeding 
Gastro-iutcslinall bleeding 
Pulmonaryy embolism 
Non-fatall liacmonhagic stroke 

0.9bb (0.82-1.00) 
0.°.)) (0.81-1.00) 
0.92(0.77-0.98) ) 
0.82(0.(>b-0.97) ) 
0.8i(0.bM).98) ) 
0.7()) (0.,">9-0.9.~>) 
0.6,55 (0.19-0.86) 
0.633 (().:•«i-0.86) 
0.33(0.11 ML53) 

## IQR intcr-quartile range 

Trea tmen tt Trade-off 

Inn table 2 patients' answers to the treatment trade-oil questions are reported. 

Sixty-ninee percent of patients chose lor cessation of treatment if the risk of 

recurrentt \ T K did not exceed 10%. Twenty-five percent oi patients opted for 

continuationn of treatment and 23% of patients chose lor cessation of treatment, 

1744 regardless of the probability presented. Treatment preferences did not differ 

significantlyy among patients alter an episode of \ T K , a major bleeding event or 

afterr the diagnosis of the post-lhrombotic syndrome. Of the patient characteristics, 

genderr (p = 0.01) and educational level (p < 0.01) were significantly associated with 

thee risk of recurrent \ T K patients were willing to bike. Men were willing to take 

higherr risks alter cessation of treatment than women. Patients with a low educational 

levell were more willing to choose for continuation of treatment, regardless of the 

riskk of VTK, than patients with a medium or high educational level. 

' tablee 2 Treatment trade-oil. 

Treatmentt threshold'' NN (%) 

Alwavss continue treatment 
Stopp at .>¥> risk of Y f E 
Stopp at 10% risk of V I T 
Stopp at 1.5% riskol'YlT, 
Alwavss cessation oi treatment* 
Total l 

;-soo <2.">> 
2.55 <21> 
277 (23) 
99 (8) 

277 (23) 
1188 (100) 

** 1 realmcnl threshold: the smallest risk of recurrent VIT. a patient is willing to accept after cessation ol 
treatment.. + Regardless of the probability presented 



Discussion n 
Thiss study showed that patients were able to assign utilities to health states related 

too VTE and its treatment with vitamin K antagonists, as well as to make treatment 

trade-oils,, balancing the downsides of treatment versus a risk of recurrent VTE. 

Utilitiess varied substantially among patients, as did the reported recurrence risk 

thresholdss lor accepting further treatment with vitamin K antagonists. Utilities 

andd treatment thresholds did not differ significantly among patients after an 

episodee of VTE, a major bleeding event or after the diagnosis of the post-

thromboticc syndrome. 

Thee valuations patients provided for 'treatment with vitamin K antagonists' were 

off similar magnitude as the utilities found in previous studies -"M\ Utilities for 

differentt types of major bleeding events, however, differed from previously 

reportedd utilities: Thomson et al. reported a median standard gamble score of 

0.888 for gastro-intestinal bleeding in patients with atrial fibrillation, which is 

substantiallyy higher than the median time trade-off score of 0.65 found in this 

studyy K The difference between these valuations could be explained by the different 

healthh state valuation methods used. In general, standard gamble scores are higher 

thann time trade-oil" scores "'. In a systematic review, the time trade-oil'score for 

majorr stroke was estimated at 0.26 and for minor stroke at 0.55, whereas we 

foundd a utility of 0.33 lor 'non-fatal haemorrhagic stroke' ' '. Post and colleagues 

arguedd that the variation between time trade-off utilities may be caused In

differencess in definitions of the health states ' ' . Two studies assessed valuations 

off the post-thrombotic syndrome ' 8 ' ' . O'Meara et al. found a mean standard 

gamblee score of 0.98 for severe post-thrombotic syndrome, and a mean standard 

gamblee score of 1.00 for mild post-thrombotic syndrome IH. Eenert and Soetikno 

alsoo used the standard gamble technique l!'. They found a median utility of 0.9.5 

forr severe post-thrombotic syndrome and a median utility of 1.00 for mild post-

thromboticc syndrome. W e found a median utility of 0.82 for 'post-thrombotic 

syndrome'.. Differences between the utilities for the post-thrombotic syndrome 

foundd in previous studies and the utilities found in this study, could be explained 

byy a method eilect "'. We obtained health state values with the time trade-oil 

whereass the other studies obtained standard gamble scores. 

Previouss experience with VTE, major bleeding, and the post-thrombotic 

syndromee did not significantly influence the utility scores. Of the patient 

characteristics,, only marital status and family history were associated with the 

utilities.. We can speculate that single patients may find being dependent on others 

forr their activities of daily living to be worse than married patients, although we 



didd not ask patients to explain their valuations. This could 'explain the lower utilities 

singlee patients assigned to 'deep venous thrombosis', 'pulmonary embolism' and 

'non-fatall stroke'. However, being single was not associated with lower values for 

'gastrointestinall bleeding' and 'muscular bleeding', although these health states 

alsoo involved being dependent on others for daily care. Patients with a family history 

off \ T E may perceive the lisk of a recurrent episode of \ T E as higher than patients 

withh no family history of YTE. This could explain the lower utilities patients with a 

familyy history assign to 'no treatment with vitamin K antagonists'. 

Answerss to the treatment trade-oif questions were not influenced by type of event 

experienced,, which could be explained by the fact that we randomly varied the 

probabilityy of a recurrent episode of \ T E. It is likely that patients based their 

decisionss on the probability presented, and not on their own perceived risk ol a 

recurrence.. Of the patient characteristics, gender and educational level were 

associatedd with the risk of recurrent VTE patients were willing to take during 

cessationn ol' treatment. Men were willing to take higher risks after cessation of 

treatmentt than women, which is consistent with studies assessing risk-taking 

behaviour20-1.. Patients with a lower educational level were more willing to choose 

forr continuation of treatment, regardless of the risk of VTE, than patients with a 

1766 medium or high educational level. This could indicate that patients with a lower 

educationall level found it more difficult to balance die benefits and lisks associated 

withh treatment than patients with a medium or high educational level. 

Inn conclusion, utilities and treatment trade-offs varied substantially between 

patients,, without a significant association widi type of event previously experienced. 

Thee substantial variability among patients suggests that no general guidelines can 

bee made, and that recommendations regarding treatment duration have to be 

tailoredd to a patient's specific values and concerns. As treatment trade-olf questions 

mayy otter a more realistic and simple reflection of the actual decision dilemma, 

andd are less time consuming than the assessment of utilities for all health states 

relatedd to VTE and its treatment, we suggest that the treatment trade-off method 

cann be transformed into a suitable decision aid to guide patient-physician decision

makingg in clinical practice. 
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Appendix x 
Healthh state descriptions lor 'treatment with vitamin K antagonists', 'deep venous 

thrombosis'' and 'non-fatal haemorrhagic stroke' (male version). 

T rea tmen tt with vitamin K antagonists 

PhysicalPhysical functioning. The patient has a tendency to bruise and bleed easily. 

SocialSocial functioning. Family and leisure activities are somewhat limited because 

thee patient is not able to do certain sports. It is dillicult to plan holidays due to 

appointmentss at the thrombosis service. 

PsychologicalPsychological functioning. The patient is somewhat worried about a recurrent 

dee])) venous thrombosis or pulmonary embolism in the future. In addition, he 

worriess about possible bleeding events. 

D e e pp venous thrombosis 

PhysicalPhysical functioning. The patient is admitted to the hospital lor one day. His leg 

hurtss and his calf is swollen. He has difficulties walking short distances. He is not 

ablee to walk long distances. The patient is partly dependent upon others for his 

dailyy care. After a couple of days the patient recovers. 

SocialSocial functioning. Work, family and leisure acthities air limited for approximately 

fourr weeks, due to pain in the leg. 

PsychologicalPsychological functioning. The patient is somewhat anxious due to his condition. 

Hee is also somewhat worried about a recurrent deep venous thrombosis in the 

future. . 

Non-fatall haemorrhagic stroke 

PhysicalPhysical functioning. The patient has limited strength in the right side of his 

body.. People find it hard to understand what he is saying. The patient has problems 

processingg information and he lias difficulties concentrating. He walks short 

distancess with a walker. He is not able to walk long distances. The patient is 

partlyy dependent upon others for his daily care. 

SocialSocial functioning. The patient is not able to work. Family and leisure activities 

aree limited due to the reduced strength in his body, the problems people have 

understandingg him, and his difficulties with the processing of information. 

PsychologicalPsychological functioning. The patient is very worried about a recurrent stroke 

inn the future. He is depressed. 



Summary y 





Inn this thesis, several aspects of venous thromboembolism ( \TE) and its treatment 

aree described in three parts. In chapter 1 a general introduction and outline are 

presented. . 

Thee first part describes studies with regard to the aetiology of VTE, and for some 

riskk factors attention is paid to arterial thrombotic diseases as well. 

Chapterr 2 reviews the inherited and acquired thrombophilic factors that are 

associatedd with (recurrent) \ T E . Not only the prevalence and presumed 

mechanismss of these factors, but also the clinical manifestations and potential 

prophylacticc and therapeutic strategies in carriers of these thrombophilic factors 

aree discussed. 

Chapterr 3 describes the results of a large retrospective study that studied the risk 

forr VTE, arterial thrombotic events and pregnancy-related complications in 407 

first-degreee relatives of 123 consecutive patients with VTE or premature athero

sclerosiss who were carriers of the prothrombin 20210A mutation (probands). 

Thee annual incidence of a first event of VTE was ().8,r>% in relatives with the 

prothrombinn mutation and 0.18% in relatives without this mutation (odds ratio 

(95%(95% confidence interval): 1.9 (0.9-4.1)). Homozygous carriers showed to be at 

increasedd risk for VTE as compared to non-carriers (annual incidence: 1.10%/ 

vcar;; OR: 0.0 (1.3-27.2)). Furthermore, relatives of probands who had experienced 

VTEE were at increased risk for VTE as compared to relatives of probands with 

prematuree atherosclerosis. During or after surgical proceedings, periods of 

immobilisation,, trauma, pregnane}' or use of oral contraceptives, carriers and 

non-carrierss had a statistically similar risk for \ T E . The annual incidence of a 

firstt episode of arterial thrombosis was 0.22%) in carriers and 0.1.1% in relatives 

withoutt the mutation (OR: 1.5 (0.6-3.(>)); when adjusted for major risk factors for 

arteriall disease, the odds ratio was 2.3 (0.8-6.3). However, carriers of the mutation 

hadd an almost fivefold, borderline significant increased risk for a first myocardial 

infarctionn as compared to non-carriers (OR: 4.7 (1.0-22..)); p=0.06). Carriers had a 

comparablee risk lor pregnancy-related complications such as miscarriages and 

pregnancy-relatedd hypertension. Therefore, we conclude that the prothrombin 

mutationn is a mild risk factor for \ T E in relatives of carriers, but it does not play a 

majorr role in the aetiology of arterial thrombotic disease or pregnancy-related 

complications,, with a possible exception of acute myocardial infarction. 



Chapterr 4 reports die results from another large retrospective family study aimed 

too estimate the incidences of both YTE and arterial thrombotic events in >)8 1 

first-degreefirst-degree relatives of 177 consecutive patients with elevated levels of FVIILc 

andd YTL or premature atherosclerosis (probands). Forty percent of all relatives 

alsoo had elevated levels of FVIILc which supports the hypothesis that elevated 

levelss of FVIILc are, at least partially, determined genetically. The annual 

incidencee of a first episode of \ T E was 0.31% and 0.13% in relatives with elevated 

levelss of FVIIIrc and those with normal levels respectively (OR: 3.7 (1.9-7..3)). 

Furthermoree we observed a dose-response elfect of FVIILc for \ T F . Concerning 

arteriall thrombotic risks, relatives widi elevated levels were also at increased risk 

ass compared to relatives with normal levels (adjusted OR: 3.1 (1.l-b'.ö')). We 

thuss conclude that elevated levels of FVIILc occur in 10% of first degree relatives 

off probands with elevated FVIII:c, and that elevated levels of FVIILc are associated 

withh an increased risk for both VTE and arterial thrombotic events. 

Chapterr .5 describes the co-segregation of thrombophilic disorders in factor V 

Leidenn mutation carriers. Of L53 factor Y Leiden mutation carriers, 60% had 

onee or more concomitant thrombophilic factors. Increased levels of FVIILc and 

TAFII substantially contributed to the risk of VTF in factor V Leiden mutation 

carriers.. This findings support the hypothesis that the clinical expression of factor 

VV Leiden mutation depends on co-segregation of other thrombophilic factors. 

Chapterr (> reports a study to investigate whether thrombophilia is associated with 

residuall thrombosis alter three months of anticoagulant treatment for acute deep 

venouss thrombosis ( D \ T ) . Patients with thrombophilia were found to be at 

increasedd risk for residual thrombosis as compared to patients without thrombo

philia.. Acquired thrombophilia was more frequently associated with residual 

dirombosiss than inherited thrombophilia. In particular lupus anticoagulant, active 

malignantt disease, protein C deficiency and the prothrombin 20210A mutation 

increasedd the risk for residual thrombosis. These findings may explain why for 

examplee patients with malignancy or lupus anticoagulant are at increased risk for 

recurrentt \ T L . 

Chapterr 7 details the findings of a study investigating whether the location of 

DVTT is related to die risk of post-thrombotic syndrome, a syndrome that develops 

inn about .>()% of patients with a first episode of DVT. The initial llebographic 

resultss of 90 patients with D \ T who had never used compression stockings and 



whoo were followed lor at least 5 years, were evaluated in order to find out the 

locationn of DVT. The incidence rate of post-thrombotic syndrome in patients 

withh a popliteal vein thromhosis was 4.8% per month of follow-up, while these 

ratess were 3.0% and 5.5% for femoral, respectively iliofemoral thromhosis. 

Locationn of thromhosis however was no risk factor for the development of post-

thromhoticc syndrome. 

Chapterr 8 extensively reviews the effects of oral contraceptives on the 

cardiovascularr system. Most of the effects are type-dependent, and they interact 

withh individual characteristics of die users. Third-generation oral contraceptives 

causee an increased risk for VTE as compared to second-generation preparations, 

whichh is probably due to a stronger negative effect of die progestagens on die 

naturall anticoagulant and antifibrinolytic system. Furthermore, women with 

thrombophiliaa are at increased risk for VTE as compared to women without 

thrombophilia.. Women using oral contraceptives are also at increased risk for 

myocardiall infarction and stroke, a risk even more pronounced in die presence of 

classicall risk factors such as smoking. Aldiough third-generation oral contraceptives 

havee a beneficial effect on lipid profiles, this does not translate into a lower risk for 

arteriall thrombotic events. 

Thee second part of this thesis (chapters 9, 10 and 11) describes the present 

treatmentt of VTE and shows the results of a trial investigating the efficacy and 

safetyy of a new anticoagulant for the long-term treatment of DVT 

Chapterr 9 focuses on home treatment of DVT. Home treatment became possible 

afterr the introduction of low-molecular weight heparins (LMWH), but is only 

adequatee if some essential requirements are fulfilled. For example, there are 

strictt selection criteria for patients with DVT who can be considered for treatment 

outsidee the hospital, adequate control of anticoagulant therapy, and follow-up of 

patientss are necessary. Furthermore, a 24 hours service has to be available in 

casee patients develop complications at home. 

Chapterr 10 details the results of a phase II study comparing the eflicacy and 

safetyy of a novel synthetic factor Xa inhibitor (Pentasaccharide; San()rg34006) 

withh a standard vitamin K antagonist. San()rg3400() has predictable pharmaco

kineticss and is administered once-a-week without dose adjustments. Patients with 

acutee D \ T were randomised to 4 dosages of SanOrg3400() and warfarin. The 



primaryy efficacy outcome was the composite of change in thrombotic burden, as 

assessedd by ultrasonography and perfusion lung scanning at baseline and alter 12 

weekss of treatment in 6')9 patients. The safety outcome was measured by 

occurrencee of major or clinically relevant bleedings. The 2..5mg of SanOrg3 4006" 

appearedd as affective as the vitamin K antagonist for the secondary prevention of 

DVTT and was not associated with major bleeding, so it might be a suitable 

alternativee to dose-adjusted vitamin K antagonists. 

Chapterr 11 describes the occurrence of skin complications due to the use of 

L M W HH during pregnancy. Of all studied women, 29% developed skin 

complications.. These skin complications included (generalised) itching or 

erythematouss rash and local redness. The clinical course was self-limiting in most 

oll the women after switching to another L M W H or a vitamin K antagonist, 

althoughh about one-third of the women who had switched also had skin 

complicationss induced by the second L M W H . Physicians should be aware of 

skinn complications and should instruct pregnant women using these drugs to 

seekk advice when these occur. 

Thee third part of this thesis (chapters 12, 13 and 14) deals with psychosocial 

aspectss of screening for the factor V Leiden mutation and describes utilities of 

patientss with acute \ T L , post-thrombotic syndrome or a historv of bleeding due 

too use of anticoagulants. 

Chapterr 12 presents the findings of a qualitative study on social aspects of 

asymptomaticc carriership of the factor V Leiden mutation, in particular how 

thesee carriers have experienced the procedure of screening for this mutation. 

Knowledgee of carriership of the factor V loeiden mutation did have impact on 

thee daily life of carriers. Carriers were concerned about their future and the 

futuree of their children. Stigniatisation and problems with insurance companies 

hadd occurred as well. For the daily clinical practice of screening for the factor V 

Leidenn mutation it is of importance to realise that these negative aspects of 

screeningg may occur. Furthermore, guidelines should be developed to optimise 

thee procedure of screening for the factor V Leiden mutation; screening comprises 

moree than only the collection of a blood sample. 

Chapterr 13 outlines the fact that the factor V loeiden mutation may induce more 



uncertaintyy than that it provides benefits for individuals who never have 

experiencedd VTE. The various types of summarisation that might be invoked in 

carriershipp are reviewed. Finally, it is argued that die only way to avoid the negative 

effectss induced by knowledge of carriership of factor V loeiden mutation is to 

clarifyy the paradigm of the gene-environment interaction to both carriers and 

healthh professionals. 

Finally,, chapter 14 shows the results of a study on utilities of health states related 

too VTE and its treatment with vitamin K antagonists in .53 patients who had 

experiencedd an episode of VTE, 23 patients who had experienced a major 

bleedingg during treatment with annticoagulants, and 48 patients with post-

thromboticc syndrome. Also patients' preferences for either continuation or 

cessationn of treatment alter three months of treatment with \itamin K antagonists 

weree evaluated. About 25% of studied patients wanted to continue use of \itamin 

KK antagonists despite possible complications in order to prevent a new episode 

off VTE. Furthermore, patients were very well able to value health states related 

too VTE and vitamin K antagonists, and to balance the benefits and risks associated 

withh treatment. So, recommendations concerning duration of treatment with 

anticoagulantss should be tailored to patient's specific values and concerns rather 

thann only as recommended in tentative guidelines for duration of treatment in 

casee of VTE. 
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Samenvatting g 





Ditt proefschrift bestaat uit drie delen waarin een aantal aspecten van veneuze 

tromboemboliee ( \TE) en haar behandeling worden beschreven. Hoofdstuk 1 is 

eenn algemene inleiding waarin een overzicht wordt gegeven van de achtergronden 

enn de lijn van het proefschrift. 

Hett eerste deel van dit proefschrift (hoofdstukken 2 t/m 8) gaat in op de etiologie 

vann VTE. Gezienn het feit dat sommige risicofactoren voor VTE tevens van invloed 

zijnn op het ontstaan van arteriole trombose, wordt er tevens aandacht geschonken 

aann arteriole trombotische aandoeningen. 

Hoofdstukk 2 geeft een overzicht van erfelijke en verwonen risicofactoren voor 

hett ontstaan van (recidiverende) VEE. Niet alleen het vóórkomen ervan, maai" 

ookk de onderliggende mechanismen en de klinische manifestaties van deze 

trombofielee factoren worden besproken. Tot slot worden richtlijnen gegeven 

voorr mogelijke profylactische en therapeutische strategieën bij dragers van deze 

risicofactoren. . 

Inn hoofdstuk 3 worden de resultaten van een grote retrospectieve studie 

beschrevenn die de incidenties van VTE, arteriole trombose en zwangerschaps-

gerelateerdee complicaties heeft onderzocht bij 407 familieleden van 123 

opeenvolgendee patiënten met VTE of premature atherosclerose en die tevens 

dragerr waren van de prothrombine 20210A mutatie (propositi). 

Dee jaarlijkse incidentie van een eerste VTE bedroeg 0.35% bij familieleden met 

dee prothrombine mutatie en 0.18% bij familieleden zonder deze erfelijke 

aandoeningg (odds ratio met 95% betrouwbaarheidsinterval: 1.9 (0.9-4.1)). 

Personenn met een homozygote vorm van deze mutatie hadden wel significant 

meerr kans op VTE (incidentie: 1.10%/jaar; OR: (j.0 (1.3-27.2)). Familieleden 

vann propositi die \ T E hebben doorgemaakt bleken een grotere kans op VTE te 

hebbenn dan familieleden van propositi met premature atherosclerose. Tijdens 

off kort na operaties, immobilisatie, trauma, zwangerschap, kraambedperiode en 

pilgebruikk hadden dragers statistisch gezien een even hoog risico op VTE als 

niet-dragers.. De jaarlijkse incidentie van een eerste arteriële trombose bedroeg 

0.22%)) bij familieleden met de prothrombine mutatie en 0.1,5% bij familieleden 

zonderr deze erfelijke aandoening (OR: 1.5 (0.6-3.(i)); gecorrigeerd voor belangrijke 

risicofactorenn voor arteriële vaatziekten bedroeg de odds ratio 2.3 (0.8-6.3). Wat 

betreftt het voorkomen van een eerst hartinfarct was het verschil tussen dragers 

enn niet-dragers net niet statistisch significant (OR: 4.7 (1.0-22.5); p=0.()()). 



Draagsterss hadden geen hoger risico op zwangcrschapscomplicaties zoals 

miskramenn en zwangerschapshypertensie dan niet-draagsters. l i t deze gegevens 

kann geconcludeerd worden dat de prothrombine mutatie een milde risicofactor 

iss voor \ T K bij familieleden van dragers, en dat deze mutatie geen grote rol 

speeltt in de etiologie van arteriole trombose of zwangerschapsgerelatecrde 

complicaties,, mogelijk met uitzondering van het hartinfarct. 

Hoofdstukk 1 beschrijft de onderzoeksresultaten van een andere grote retrospectieve 

familiee studie. In deze studie zijn»)81 familieleden van 177 opeenvolgende patiënten 

mett \ T F ol premature atherosclerosc en verhoogde spiegels stollingsfactor VIII:c 

(FVIII.c)) (propositi) onderzocht. \reertig procent van alle eerstegraads familieleden 

bleekk zelf ook verhoogde spiegels FVIILc te hebben wat de hypothese dat 

verhoogdee spiegels FVIILc deels erfelijk bepaald zijn ondersteunde. De jaarlijkse 

incidentiee voor VTF was 0.34% bij familieleden met verhoogde spiegels FVIII:c 

enn 0.13% bij familieleden met normale sj)iegels FVIILc (OR: 3.7 (1.9-7..5)). De 

hoogstee FVIII:c spiegels gingen gepaard met de hoogste kans op VTK. 

Familieledenn met verhoogde spiegels FVIILc hadden ook een hogere kans om 

eenn eerste arteriële trombose te krijgen dan hun familieleden met normale spiegels 

1900 (gecorrigeerde ( )R: 3.1 (1.1-0.6')). Derhalve kan geconcludeerd worden dat binnen 

familiess van patiënten met verhoogde FVIII:c spiegels en veneuze of arteriële 

tromboemboliee verhoogde FVIIkc spiegels voorkomen bij 10% van alle eerstegraads 

familieleden,, en dat deze hoge spiegels duidelijk geassocieerd zijn met een hogere 

kanss op VTF en arteriële trombose. 

Inn hoofdstuk 5 wordt de co-segregatie van de factor V loeiden mutatie met andere 

trombofielee factoren beschreven. Bij 1.53 factor V Leiden mutatie dragers is het 

vóórkomenn van andere tromboliele factoren bepaald. Zestig procent van alle 

dragerss bleek naast de factor V Leiden mutatie één of meer andere trombofiele 

factorenn te hebben. Verhoogde FVIIIic spiegels en verhoogde TAFI spiegels 

dedenn de kans op V T F bij factor V Leiden mutatie dragers toenemen. De 

klinischee expressie van de factor V Leiden mutatie is derhalve deels afhankelijk 

vann co-segregatic van andere tromboliele factoren. 

Hoofdstukk 6 beschrijft de resultaten van een subanalyse die tot doel had te 

onderzoekenn in hoeverre resttrombose voorkwam bij patiënten met zowel erfelijke 

alss verworven tromboliele factoren die drie maanden behandeld werden voor 

eenn diepe veneuze trombose van het been (DVT). Bij patiënten met tromboliele 



factorenn werd vaker resürombose vastgesteld met behulp van compressie 

echografiee dan bij patiënten zonder deze risicofactoren. Verder bleken patiënten 

mett verworven trombolïele factoren zoals een actieve maligniteit en lupus 

anticoagulanss vaker resürombose te hebben dan patiënten met erfelijke 

trombofielee factoren. Deze bevindingen zouden kunnen verklaren waarom 

patiëntenn met bijvoorbeeld een maligniteit of lupus anticoagulans een verhoogd 

recidieff risico op VTE hebben. 

Inn hoofdstuk 7 worden de resultaten gepresenteerd van een studie naar het belang 

vann de locatie van trombose bij patiënten met D \ T voor het risico op het post-

trombotischh syndroom. Dit hinderlijke en soms invaliderende syndroom komt 

voorr bij ongeveer 50% van alle patiënten met DVT en is moeilijk te behandelen. 

Bijj negentig patiënten die nooit een aangemeten steunkous hebben gedragen na 

eenn D V T zijn de l lebogrammen waarmee de diagnose ' D V T ' is gesteld 

beoordeeld,, en is gekeken op welke plaats het veneuze systeem getromboseerd 

was.. De klinische fbllow-up duur bedroeg .5 jaar. Voor patiënten met een vena 

popliteaa trombose bedroeg de maandelijkse incidentie voor het ontstaan van het 

post-trombotischh syndroom 4.8%, terwijl patiënten met een vena femoral is 

communiss trombose een maandelijkse incidentie van 5.5% hadden. Locatie van 

dee trombose bleek echter geen belangrijke risicofactor te zijn voor het ontstaan 

vann het post-trombotisch syndroom (p-waarde: 0.276). 

Hoofdstukk 8 geeft een overzicht van wat er op dit moment bekend is over de rol 

vann orale anticonceptiva bij het ontstaan van cai dio-vasculaire aandoeningen. De 

meestee effecten van de pil zijn toe te schrijven aan het type pil. Zo vergroten 

derde-generatiee pillen de kans op VTE sterker dan tweede-generatie pillen, wat 

voorall kan worden verklaard dooi' de elfecten van de verschillende progestativa 

opp het stollingssysteem. Vrouwen met trombofilie hebben bovendien meer kans 

opp VTE dan \Touwen zonder trombofilie. Vrouwen die de pil gebruiken hebben 

ookk meer kans op een hartinfarct of een beroerte, een effect dat versterkt wordt 

doorr bekende risicofactoren zoals roken. Ondanks het feit dat de derde-generatie 

pill een minder negatieve invloed heeft op het lipidenspectrum, wordt dat niet 

vertaaldd in een lager risico op arteriële vasculaire aandoeningen. 

Hett tweede deel van dit proefschrift (hoofdstukken 9, 10 en 11) beschrijft de 

hedendaagsee behandeling van VTE en toont de resultaten van een onderzoek 

naarr een nieuw middel voor de langdurige behandeling van patiënten met DVT. 
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Hoofdstukk 9 gaat in op de thuisbchandeling van DVT die mogelijk is geworden 

doorr de introductie van laag-moleculair-gewïcht heparinen (LMWH). Toch is 

tJiuishehandelingg niet altijd uitvoerbaar en er dient aan bepaalde randvoorwaarden 

tee worden voldaan. Er mag bijvoorbeeld geen sprake zijn van contraindicaties 

voorr het gebruik van LMWH, een goede follow-up moet gewaarborgd zijn en de 

hoofdbchandelaarr dient in staat te zijn adequaat in te grijpen in geval van 

bijwerkingenn van de medicatie of (acute) complicaties van D \ T . 

Inn hoofdstuk 10 worden de resultaten beschreven van een fase II onderzoek 

waarinn patiënten met Ï W T worden gerandomiseerd naar verschillende doseringen 

vann een langwerkend pentasaccharide (SanOrg .'li-OOb) of een vitamine K 

antagonist.. De pentasaccharide heeft onder andere als voordcel dat het slechts 

eenmaall per week hoeft te worden toegediend, in tegenstelling tot vitamine K 

antagonistenn die dagelijks in wisselende doses moeten worden ingenomen. Ook 

moett het antistollingselïect frequent worden gecontroleerd. In deze studie is de 

effectiviteitt en veiligheid van San( )rg 81006' gemeten aan de hand van 'thrombotic 

burden'' en het optreden van bloedingen bij 659 patiënten. De laagste dosering 

SanOrgg 31006 (2.ömg) was even cflectiel en veroorzaakte evenveel bloedingen 

alss de vitamine K antagonist, zodat deze dosering een goed alternatief voor 

vitaminee K antagonisten kan zijn voorde langdurige behandeling van DYT. 

Hoofdstukk 11 beschrijft het optreden van huidcomplicaties door het gebruik 

vann L M W H tijdens de zwangerschap. Deze bleken bij 29% van alle zwangeren 

diee die middelen gebruikten voor te komen. Klachten varieerden van lokale 

jeukk tol gegeneraliseerde roodheid. Meestal bleken de huidcomplicalies te 

verdwijnenn indien er een ander LMWH werd voorgeschreven. Rij eenderde 

vann de vrouwen die een ander L M W H kregen moest er een derde LMWH 

voorgeschrevenn worden. Zowel behandelaars als zwangeren die L M W H 

gebruikenn dienen op de hoogte te zijn van het voorkomen van huidcomplicatics. 

Hett derde deel van dit proefschrift (hoofdstukken 12, 13 en 11) gaat in op de 

niet-lichainelijkee aspecten van de factor V Leiden mutatie, en beschrijft utiliteiten 

vann patiënten met VLE, posl-troinbotisch syndroom ol ernstige bloedingen die 

veroorzaaktt werden door het gebruik van anticoagulantia. 

Inn hoofdstuk 12 worden de bevindingen gepresenteerd van een kwalitatief 

onderzoekk naar sociale aspecten van asymptomatisch dragerschap van de factor 



VV Leiden mutatie. Ook is er onderzocht hoe de dragers de screenings procedure 

hebbenn beleefd. Open interviews niet dragers van de mutatie die zelf nooit VTL 

hebbenn doorgemaakt brachten aan het licht dat de wetenschap dat iemand drager 

iss van een erfelijke aandoening die ooit VTL zou kunnen veroorzaken het 

dagelijksee leven beïnvloedde. Dragers waren bezorgd over hun eigen toekomst 

enn de toekomst van hun kinderen. Ook kwamen stigmatisering en problemen 

mett verzekeringsmaatschappijen voor. Verder bleek erg belangrijk dat dragers 

ergenss met hun vragen over dragerschap van de factor V loeiden mutatie terecht 

konden.. Gesteld kan worden dat het voor de dagelijkse praktijk van screening 

opp de factor V Leiden mutatie vooral van belang is bewust te zijn van het feit dat 

dezee negatieve aspecten van screening vóórkomen. Ook zouden er richtlijnen 

moetenn komen om de testprocedure op de factor V Leiden mutatie te 

optimaliseren;; screening voor de factor V Leiden mutatie houdt immers meer in 

dann alleen een bloedafname. 

Hoofdstukk 18 gaat in op het feit dat de factor V Leiden mutatie meer onzekerheid 

zouu kunnen veroorzaken dan dat het voordelen voor een individu die nooit 

VTLL heeft doorgemaakt oplevert. Beschreven wordt hoe dragers met die 

onzekerheidd omgaan en in hoeverre verschillende typen stigmatisering een rol 

spelen.. Duidelijk zou moeten zijn voor zowel gezondheidswerker als persoon 

diee getest wordt dat VTL een multifactorièle aandoening is waarin de factor V 

Leidenn mutatie een beperkte rol speelt. 

Inn hoofdstuk 14 tenslotte worden de resultaten getoond van een onderzoek naar 

utiliteitenn van gezondheidstoestanden gerelateerd aan VTL, het post-trombotisch 

syndroomm of het gebruik van anticoagulantia. Patiënten met (recent ontstane) 

VTL,, post-trombotisch syndroom of ernstige bloedingen ontstaan tijdens het 

gebruikk van anticoagulantia zijn onderworpen aan tests waarmee zij konden 

aangevenn hoe zij bepaalde gezondheidstoestanden waardeerden en hoe belangrijk 

zijj het vonden om behandeld te worden met anticoagulantia. Van alle 

hypothetischee gezondheidstoestanden werd een bloedige beroerte liet slechtst 

gewaardeerdd terwijl het gebruik van anticoagulantia vergelijkbaar met goede 

gezondheidd werd gewaardeerd. Ongeveer 2.3% van de onderzochte personen 

wildee ondanks alle risico's geassocieerd met het gebruik van anticoagulantia 

doorgaann met deze middelen teneinde een nieuwe \ T L te voorkomen. Gesteld 

kann worden dat patiënten goed in staat zijn om gezondheidstoestanden gerelateerd 

aann VTL of het gebruik van anticoagulantia te waarderen en voor- en nadelen 



vann behandeling met anticoagulantia af'te wegen tegen de risico's op een nieuwe 

\ T E .. Besluit omtrent behandelingsduur zou dan ook voor een deel afhankelijk 

moetenn zijn van persoonsgebonden eigenschappen en niet uitsluitend afhankelijk 

vann de op dit moment gebruikte algemene richtlijnen. 
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Stellingenn behorende bij het proefschrift 

'Aetiologyy and Treatment of Venous Thromboembolism' 

1.. Ook prematuren worden groot. 

2.. Net als bij basketbal moetje bij promotieonderzoek zowel aanvallen als verdedigen. 

3.. De thuisbehandeling van een trombosebeen kan niet zomaar even 1,2,3. (dit proefschrift) 

4.. Bij aandoeningen van de hemostase speelt niet alleen het lichamelijke een rol. 

5.. Introductie van de pil heeft het leven van de praktiserend medisch specialist niet bepaald 

makkelijkerr gemaakt, (dit proefschrift) 

6.. Een dienst stollingsgcneeskunde is meer dan alleen maar een zak plasma, 10 mg vitamine 

KK of een spuit LMWH geven. 

7.. Een goede familierespons heeft nogal wat voeten in de aarde. 

8.. Mutatiedragers zijn of hetero's of homo's, (dit proefschrift) 

9.. De factor V Leiden mutatie bepaling houdt meer in dan alleen één bloedafname, (dit 

proefschrift) ) 

10.. FVIIIx concentraat zou misschien ook op de lijst van verboden biologische wapens 

staann als een zeer machtig land er niet een belangrijke producent van zou zijn. 

11.. Acronymen gebruikt voor namen van studies worden vaak ontleend aan Algemeen 

bekendee Componisten en zijn niet alleen Raadselachtig en Onbegrijpelijk, maar moeten 

tevenstevens de NitroglYcerine-achtige inhoud dekken, Moeilijke titels verbergen, En Nooit 

eerderr zijn gebruikt. 

12.. De gezondheidszorg zal nog duurder worden als trombofiliescrcening oneigenlijk wordt 

gebruikt. . 

Ivann Bank Septemberr 2003, Amsterdam 
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