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ChapterChapter 1 

Antithromboticc treatment has been used for many years to treat and prevent arterial 

andd venous thromboembolism. The most widely used treatment modalities are vitamin 

KK antagonists, heparin derivates, and aspirin. These specific drugs have proven their 

benefitt in the treatment of various patient categories with thrombotic disorders. 

Thee history of these three important treatment modalities has been described 

comprehensivelyy by Mueller and Scheidt. 1 Vitamin K antagonists, like acenocoumarol 

andd phenprocoumon, were developed on the basis of the haemorrhagic agent, 

dicoumaroll  (3,3'-methylenebis-(4-hydroxycoumarin)) that causes 'sweet clover 

disease'' in cattle.2 In 1942 dicoumarol was used for the first time in the treatment of 

patientss with deep venous thrombosis. In 1948 a more potent and more reliable 

compound,, 3-phenyacetyl ethyl-(4-hydroxycoumarin) better known as warfarin,̂  

becamee available which was first utilized as rat poison and five years later found to be 

superiorr to dicoumarol in the treatment of patients with thromboembolism.4^5 

Dicoumaroll  and its derivatives function by blocking the action of the enzyme vitamin 

KK epoxide reductase. This leads to the depletion of reduced vitamin K.6,7 a nd thereby 

disabless the carboxylation of the vitamin K-dependent coagulation factors 

(prothrombin,, VII , IX, and X) and anticoagulant proteins (protein C and protein S). 

Evenn 60 years after the original development of dicoumarol for patient care, these 

compoundss remain the cornerstone of treatment and prevention of venous 

thromboembolismm and the prevention of arterial emboli in patients with mechanical 

heartt valves, atrial fibrillation or ischemic stroke.8 

Thee history of heparin starts in the second decade of the previous century when 

McLeann discovered that an extract of dog liver exerted anticoagulant activity.9 Two 

decadess later heparin was purified and the chemical structure was confirmed to be a 

highlyy sulphated glycosaminoglycan.10 The first clinical studies with heparin were 

performedd in 1935, and in the 1940s the use of heparin became standard treatment in a 

varietyy of venous and arterial thrombotic diseases. In 1968 antithrombin was 

discoveredd as the heparin cofactorjl followed by the discovery of the exact 

mechanismm of activation of antithrombin by heparin and its resultant inhibition of 

thrombinn and other coagulation factors. The next major phase in the history of heparin 

wass the development of low-molecular-weight heparins in the mid 1970s. Low-

molecular-weightt heparin compounds are, as their name implies, fragments of 
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unfractionatedd heparin. The low-molecular-weight heparin compounds are still derived 

fromm the natural sources of heparin; lung from cows or gut from pigs. 12 Heparin and 

low-molecular-weightt heparins remains the standard for the initial treatment and 

preventionn of venous thromboembolism and treatment of acute coronary syndromes 

evenn 70 years after the first clinical use of these compounds. 

Aspirinn (i.e. acetylsalicylic acid) is the oldest of the antithrombotic drugs. The first 

recordedd descriptions of therapeutic benefits of the willow bark, the original source of 

aspirinn like compounds, were made by Hippocrates. 13 For many years the willow bark 

wass used as an antipyretic, analgesic and anti-inflammatory agent. In the 1890s it was 

firstt recognized that aspirin induced mucosal bleeding. The antiplatelet activity of 

aspirinn however was only first explored in the late 1940s for the treatment of 

thrombophlebitiss and prevention of myocardial infarction. 14,15 Aspirin irreversibly 

bindss to cyclo-oxygenase, an enzyme important in prostaglandin synthesis and one of 

thee activation pathways of platelets, which explains its inhibitory action on platelet 

function.. Aspirin is the first choice in the prevention of cardiovascular complications of 

atherosclerosiss like myocardial infarction and cerebrovascular ischemic events. 

Despitee the long and successful history of treating patients with vitamin K 

antagonists,, heparins and aspirin, bleeding remains a major drawback of treatment with 

thesee drugs. The risk factors for bleeding during antithrombotic treatment have not 

beenn investigated intensively. Traditionally, the focus has been on distinguishing 

patientt characteristics like older age, past gastrointestinal-bleeding, treated 

hypertension,, cerebrovascular disease, serious heart disease, renal insufficiency, and 

malignancy. . 

Forr bleeding during vitamin K antagonist treatment more recently also inherited 

patientt characteristics have been described, like Ala-10Val or Ala-10Thr replacements 

inn the propeptide region of the factor IX gene. Untreated male patients with such 

mutationss have normal factor IX activities. Within one week of the start with vitamin K 

antagonistss factor IX drops to levels below 5%, which is not picked up in routine 

laboratoryy testing, and the patients may experience major bleeding complications. 16,17 

Anotherr example of a higher bleeding risk during vitamin K antagonist treatment is the 

excesss function of the anticoagulant pathways as indicated by high levels of soluble-

thrombomodulin.. 1 & 
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Thiss thesis focuses on the etiology of bleeding complications caused by vitamin K 

antagonistt treatment. In addition it describes the safety and efficacy of low-molecular-

weightt heparins in the treatment of venous thromboembolism. Finally, the most feared 

bleedingg complication of antithrombotic treatment, intracranial hemorrhage, for 

coumarinss and aspirin in particular, is studied. 

Outlinee of the thesis 

Thee first part of this thesis concerns low molecular weight heparins in the treatment 

off  venous thromboembolism. The effectiveness and safety of the different low-

molecular-weightt heparin compounds for the initial treatment of venous 

thromboembolismm is described in Chapter 2. Subsequently, the safety and 

effectivenesss of low-molecular-weight heparins in the long-term treatment of venous 

thromboembolismm is compared with vitamin K antagonist therapy in Chapter 3. 

Inn the second part of this thesis the focus of attention shifts to bleeding 

complicationss during vitamin K antagonist treatment. For this purpose a study was set 

upp which collected 110 patients with a major bleeding complication during vitamin K 

antagonistt treatment and 220 matching controls. The design of this study, named 

FACTORSS (FACTors in ORal anticoagulant Study), is described in Chapter 4. Overall 

coagulation,, anticoagulant pathways, fibrinolysis and endothelial integrity, all 

importantt players in the normal homeostasis of hemostasis, were studied in Chapter 5, 

inn order to evaluate to what extend they are determinants of bleeding induced by 

vitaminn K antagonist therapy. 

AA major determinant of bleeding during vitamin K antagonist treatment is the 

intensityy of anticoagulation: the higher the intensity, the greater the bleeding risk. 

Therefore,, prevention of bleeding is mainly based on avoiding excessive treatment 

intensities.. This is accomplished by careful monitoring of the International Normalized 

Ratioo (INR). The aim is to keep the INR within a particular reference range. However, 

thee required dose of vitamin K antagonists is variable, in particular between individuals 

butt also within one individual, and depends e.g. on dietary intake, variations in 

pharmacokineticss and dynamics. 8 Genetic markers in the cytochrome P-450 2C9 

(CYP2C9),, the principal enzyme of vitamin K antagonist metabolism, causing part of 

thesee variations in pharmacokinetics, were studied in Chapter 6. 
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Bleedingg during vitamin K antagonist treatment might also be influenced by defects 

inn the fibrinolytic system, in platelet function or in clot stability. This was addressed by 

selectingg several functional polymorphisms in proteins important in these pathways in 

Chapterr 7. 
Chapterr 8 investigates whether patients treated with vitamin K antagonists still have 

validd indications after at least one year of treatment. 

Finally,, Chapter 9 focuses on the question whether the bleeding risk during vitamin 

KK antagonists is different between the different indications. For this purpose a case-

controll  study was performed in the database of the Thrombosis Service in Amsterdam, 

thee Netherlands to compare the bleeding risks between patients with venous 

thromboembolismm and atrial fibrillation. 

Inn the final part of the thesis the most feared complication of all antithrombotic 

drugs,, intracranial hemorrhages, was studied. In Chapter 10 a large cohort of patients 

withh an intracranial haemorrhage admitted to the Academic Medical Center is 

describedd and the risk of adverse clinical outcome between patients treated with 

vitaminn K antagonists or aspirin were compared. Finally, hemosiderin depositions have 

beenn described as possible risk factors for intracerebral bleeding, Chapter 11, 
describess the results of a case-control study to investigate this association. 
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