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CHAPTER 1 

General Introduction 
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General introduction 
Thrombosis, or the formation of a blood clot which hampers blood flow in a 

bloodvessel, is a very serious disease which can potentially be fatal. Thrombosis 

can occur in arteries (arterial thrombosis) as well as in veins (venous thrombosis). 

The most commonly known forms of arterial thrombosis are thrombosis of the 

coronary arteries and the carotid arteries, which may cause myocardial infarction or 

ischaemic stroke. Venous thrombosis most commonly presents as an isolated 

thrombus in vessels of the leg, as a pulmonary embolism (which may be a clot 

formed in the legs, which has embolised to the pulmonary vasculature), or as a 

combination of both. An arterial thrombus mainly consists of platelets, whereas in 

venous thrombosis fibrin is the main component. Treatment and prevention of 

arterial and venous thrombosis is aimed at inhibiting platelet function or inhibition 

of coagulation. Three classes of anti-platelet drugs are currently approved for 

clinical use; cylooxygenase inhibitors (aspirin), P2Y12 inhibitors (such as 

clopidogrel), and inhibitors of platelet aggregation (such as Reopro). The most 

commonly used anticoagulant drugs are heparin and heparin derivatives and 

vitamin K antagonists.  

 

Vitamin K was discovered in 1929 by the observation of bleeding syndromes 

among chickens that were fed a fat-free diet [1]. This postulated the existence of a 

nutritional factor that was essential for normal haemostasis and Dam et al named 

this factor vitamin K. From clinical observations on patients with liver cirrhosis 

and obstruction from bile ducts it became clear that there was a direct link between 

liver function, bile secretion, vitamin K and the synthesis of clotting factors [2].  

In the early 1920s a veterinarian in North Dakota, USA described a 

haemorrhagic diathesis in cattle that was caused by the ingestion of spoiled, sweet 

clover [3]. In 1929 it was demonstrated that this bleeding disorder was caused by a 
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deficiency of functional prothrombin [4]. It wasn’t until 1940 that chemists of the 

University of Wisconsin discovered that the anticoagulant substance in the moldy 

sweet clover was the coumarin derivative 4-hydroxycoumarin [5]. In 1948 the first 

anticoagulant, warfarin (named for the Wisconsin Alumni Research Foundation), 

was produced [6]. It was first registered for use as a rodent poison. In 1954 

warfarin was approved for medical use in humans. The exact mechanism of action 

remained unknown until it was demonstrated, in 1978, that warfarin inhibited 

vitamin K epoxide reductase and hence interfered with vitamin K metabolism [7]. 

 

Vitamin K is essential for the function of vitamin K dependent coagulation factors. 

These specific proteins involved in the coagulation cascade are modified after 

synthesis by a vitamin K dependent process. Specific amino acid residues in the so-

called gla-domain are modified from a glutamic acid to a �-carboxy glutamic acid 

by a vitamin K dependent carboxylase. In this process the vitamin K is oxidised to 

vitamin K epoxide. The �-carboxy glutamic acid residues have a double negative 

charge at physiological pH, which is in contrast to the single negative charge of the 

(non modified) glutamic acid. The introduction of extra negative charge in the gla-

domain of the vitamin K-dependent proteins is essential for their Ca2+-mediated 

interaction with negatively charged cell membranes. Coagulation reactions take 

place on cellular surfaces – typically an activated platelet or endothelial cell. If the 

gla-domain of a vitamin K-dependent coagulation factor is not modified, the 

protein loses its capacity to bind to negatively charged cellular structures and thus 

is no longer able to participate in coagulation reactions. 

 Vitamin K antagonists exhibit their effect by interfering with the vitamin K 

cycle. Because the body is not able to store vitamin K, it is recycled through the 

vitamin K cycle. When vitamin K is oxidised in the carboxylation process 

described above it is no longer biologically active, and needs to be reduced by 
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vitamin K epoxide reductase (VKOR). Vitamin K antagonists have structural 

similarity to vitamin K, and therefore reduce availability of biologically active, 

reduced vitamin K.  

Vitamin K is a necessary factor to produce the vitamin K-dependent 

clotting factors II, VII, IX and X, and the anticoagulant proteins C and S. Although 

both pro- and anticoagulant proteins are no longer post-translationally modified to 

biological active proteins in the presence of warfarin, the net effect of warfarin is 

an anticoagulant state. However, when warfarin treatment is initiated, it takes time 

for already circulating active coagulation factors to be replaced by inactive ones. 

The half-life of vitamin K-dependent coagulation factors varies from 4-6 hours 

(FVII) to 42-72 hours for prothrombin, so it will take 4-6 days before levels of 

activated coagulation factors are reduced to such an extent that sufficient 

anticoagulation is achieved. In some cases, particularly patients with anticoagulant 

protein deficiencies, this may lead for a short period to a hypercoagulable state 

with a risk of thrombosis. In order to bridge the period between initiation of 

anticoagulant treatment and the moment of sufficient vitamin K antagonist-induced 

anticoagulation, sometimes patients receive heparin for the first few days after 

initiation of anticoagulation, as heparin inhibits the coagulation system instantly. 

 

Worldwide there are different types of vitamin K antagonists available. The 

vitamin K antagonists most frequently used are warfarin, acenocoumarol and 

phenprocoumon. Warfarin is the vitamin K antagonist of choice in the United 

States of America, the United Kingdom and many other countries around the 

world; acenocoumarol and phenprocoumon are frequently used in many European 

countries. These three vitamin K antagonists mainly differ in their half-life. 

Acenocoumarol has the shortest half-life of 11 hours, followed by warfarin with 

36-42 hours and the longest half-life is seen in phenprocoumon with approximately 
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140 hours [8-11]. The clearance of these vitamin K antagonists is also different. 

Acenocoumarol is for its elimination completely dependent on hydroxylation by 

cytochrome p450 (CYP). Warfarin is also dependent on reduction processes [12]. 

Phenprocoumon can, in addition to elimination as hydroxylated metabolites, be 

eliminated as parent compound and is thus less dependent on hydroxylation by 

CYP. 

 

While vitamin K antagonists decrease the risk of a thrombotic event by inhibiting 

coagulation, through the same mechanism they increase the risk of severe or even 

fatal haemorrhage. Prescription of vitamin K antagonists should therefore always 

be preceded by a careful evaluation whether the benefit will outweigh the bleeding 

risk. Vitamin K antagonists have a narrow therapeutic window, and frequent 

monitoring with adjustment of anticoagulant dosage is required to maintain patients 

within the therapeutic window. The response to vitamin K antagonists in a single 

patient is highly variable and unpredictable. The intensity of anticoagulation is 

assessed with a simple laboratory test. In this test, plasma is allowed to clot by 

addition of a reagent containing tissue factor (the physiological initiator of 

coagulation), phospholipids and calcium. The time to clot formation is a measure 

of the functionality of the so-called extrinsic pathway of coagulation, which 

consists of coagulation factors VII, X, V, II, and fibrinogen. This particular 

coagulation test is referred to as the prothrombin time (PT). Although the PT is 

sensitive for anticoagulation with vitamin K antagonists, the tests are poorly 

standardised between different laboratories. Use of different reagents and 

equipment results in substantially different PT values from a single blood sample. 

To overcome this standardisation problem, the INR or international normalised 

ratio has been developed.   
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The INR is assessed according to the formula: 

 

   INR = (patient PT/ mean normal PT)isi 

 

In this formula ISI is the International Sensitivity Index, which is the calibration 

factor to correct for the type of thromboplastin and equipment used. 

The introduction of the INR system to reflect anticoagulation led to several 

studies to determine the optimal level of anticoagulation, i.e. the level at which 

least complications occur [13-16]. The general recommendation is an INR between 

2.0 and 3.0. Sometimes, dependent on the indication, a more intense 

anticoagulation is needed for which the recommendation is an INR between 3.0 

and 4.0. In the Netherlands, the Dutch Federation of Anticoagulation Clinics 

(Federatie Nederlandse Trombosediensten, FNT) proposes target ranges of 2.5 – 

3.5 and 3.0 – 4.0.  

 

Patients who are insufficiently anticoagulated (i.e., an INR below the therapeutic 

window appropriate for their indication) are at increased risk for (re)thrombosis, 

whereas over-anticoagulated patients show a sharp increase in bleeding risk [16]. 

In spite of frequent monitoring, the annual risk for experiencing a serious bleeding 

complication is 1-2%[17,18]. Several studies investigated potential risk factors for 

haemorrhagic complications, such as increased age, indication for anticoagulant 

therapy and the use of interacting medication [19-21]. Besides these acquired 

factors, also genetic factors are shown to be of influence. Several studies have 

investigated the association between CYP2C9 genotype and warfarin response. 

Aithal et al. were the first to demonstrate an association between CYP2C9 

genotype and warfarin sensitivity. Carriers of a CYP2C9*2 or CYP2C9*3 allele 

have lower dosage requirement and showed an increased risk for over-
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anticoagulation and major bleeding complications in the initial phase of treatment 

compared to wild-type patients [22]. The presence of polymorphisms in the 

VKORC1 gene has also been identified to be associated with warfarin response. 

Carriers of VKORC1 polymorphisms showed a reduced requirement of warfarin 

dosage [23]. Most studies that investigate the effect of both the genotypes of 

CYP2C9 and VKORC1 showed that most variation in dosage is explained by 

polymorphisms in the VKORC1 gene. 

  

Although the quality of oral anticoagulant treatment is already high, improvement 

is important. The risk for complications rises sharply with INR values below 2.0 

and exponentially with INR values above 5.0 [16]. As a result of the large inter- 

and intra-patient variability in response to a certain dosage, patients may frequently 

be under- or overanticoagulated, despite frequent monitoring and adjustment of 

anticoagulant dose. Approximately 30 to 50% of the time, patients’ INR is out of 

range. Improvement can be targeted at several points. First, dosing of vitamin K 

antagonists can be improved. If physicians are able to predict a patients’ required 

maintenance dosage better, this would result in spending more time within the 

therapeutic range, and therefore in less complications. Dosing is classically 

performed by monitoring sequential INR values and the effect of previous dosing 

adjustments on the INR. Computer algorithms have been introduced to facilitate 

dosing and to produce a dosing advice based on mathematical processing of 

previous INR values and anticoagulant dosages. The use of these computer 

algorithms to assist physicians with their dosing decisions has been shown to lead 

to equal or improved quality of control of oral anticoagulant treatment compared to 

unassisted dosing [24-28]. However, a major disadvantage of these algorithms is 

that they do not generate a dosage proposal in all cases and they do not account for 
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the sensitivity of the individual patient for the anticoagulant (which may change 

over time), the half-life of the drug, and the non-linearity of the dose-INR relation. 

Second, it is important to identify those patients who are at increased risk 

for experiencing either a thrombotic or a bleeding complication. Both patients who 

are unstably anticoagulated (large differences in sequential INRs) and patients who 

spend much time outside the therapeutic range are at risk. These patients can be 

more easily recognised when there is a measure to reflect their instability and if 

risk factors, either environmental or genetic, are identified. If one can recognise 

these patients actions such as patient education and more frequent monitoring can 

be taken. 

 

Outline of this thesis 
The studies included in this thesis aim to optimise dosing of vitamin K antagonists 

and control of oral anticoagulant treatment. 

In chapter 2 we describe the results of a double-blind randomised 

controlled trial in which we compared two computer algorithms for anticoagulant 

dosing. A newly developed algorithm which incorporated the sensitivity for 

vitamin K antagonists (ICAD) was compared to an algorithm frequently used in the 

Netherlands (TRODIS). 

The relationships between maintenance dosages between the three most 

used vitamin K antagonists acenocoumarol, warfarin and phenprocoumon were 

studied in chapter 3. We calculated transition factors for switching from one 

vitamin K antagonist to another among participants in a randomised controlled trial 

who were treated with 2 different vitamin K antagonists. 

In chapter 4 the effects of polymorphisms in the CYP2C9 and VKOR 

genes were investigated in a cohort of patients starting with oral anticoagulant 
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treatment with acenocoumarol in Italy. We described the effect of these 

polymorphisms on the dose requirement and the risk of over-anticoagulation. 

Instability is considered a risk factor for developing hemorrhagic and 

thrombotic complications. In chapter 5 we studied several methods to reflect 

instability and investigated which method was best associated with hemorrhagic 

and thrombotic events in patients with mechanical heart valve prosthesis treated 

with vitamin K antagonists. Determinants of instability were investigated in

chapter 6. 

Finally, in chapter 7 we present the study design and general results of a trial of 

which the primary aim was to compare the quality of an oral anticoagulant 

treatment with warfarin to the quality of treatment with phenprocoumon. 



16              Chapter 1 
 
 
 
References 
 
1.  Dam H. The antihaemorrhagic vitamin of the chick. Biochem J 1935;29:1273-85. 

2.  Warner E, Brinkhous K, Smith H. Proceedings of the Society of Experimental 
Biology and Medicine. 1938;37:628. 

3.  Schofield FW. Damaged sweet clover; the cause of a new disease in cattle 
simulating haemorrhagic septicemia and blackleg. J Am Vet Med Ass 1924;64:553-6. 

4.  Roderick LM. A problem in the coagulation of the blood; "sweet clover disease of 
the cattle. Am J Physiol 1931;96:413-6. 

5.  Stahmann MA, Huebner CF, Link KP. Studies on the hemorrhagic sweet clover 
disease. V. Identification and synthesis of the hemorrhagic agent. J Biol Chem 
1941;138:513-27. 

6.  Link KP. The discovery of dicumarol and its sequels. Circulation 1959;19:97-107. 

7.  Whitlon DS, Sadowski JA, Suttie JW. Mechanism of coumarin action: significance 
of vitamin K epoxide reductase inhibition. Biochemistry 1978;17:1371-7. 

8.  Hemker HC, Frank HL. The mechanism of action of oral anticoagulants and its 
consequences for the practice of oral anticoagulation. Haemostasis 1985;15:263-70. 

9.  Kelly JG, O'Malley K. Clinical pharmacokinetics of oral anticoagulants. Clin
Pharmacokinet 1979;4:1-15. 

10.  O'Reilly RA, Welling PG, Wagner JG. Pharmacokinetics of warfarin following 
intravenous administration to man. Thromb Diath Haemorrh 1971;25:178-86. 

11.  Thijssen HH, Hamulyak K, Willigers H. 4-Hydroxycoumarin oral anticoagulants: 
pharmacokinetics-response relationship. Thromb Haemost 1988;60:35-8. 

12.  Ufer M. Comparative pharmacokinetics of vitamin K antagonists: warfarin, 
phenprocoumon and acenocoumarol. Clin Pharmacokinet 2005;44:1227-46. 

13.  Hull R, Hirsh J, Jay R, Carter C, England C, Gent M, Turpie AG, McLoughlin D, 
Dodd P, Thomas M, Raskob G, Ockelford P. Different intensities of oral 
anticoagulant therapy in the treatment of proximal-vein thrombosis. N Engl J Med 
1982;307:1676-81. 



General Introduction             17  
   
 
 
14.  Saour JN, Sieck JO, Mamo LA, Gallus AS. Trial of different intensities of 

anticoagulation in patients with prosthetic heart valves. N Engl J Med 1990;322:428-
32. 

15.  Turpie AG, Gunstensen J, Hirsh J, Nelson H, Gent M. Randomised comparison of 
two intensities of oral anticoagulant therapy after tissue heart valve replacement. 
Lancet 1988;1:1242-5. 

16.  Cannegieter SC, Rosendaal FR, Wintzen AR, van der Meer FJ, Vandenbroucke JP, 
Briët E. Optimal oral anticoagulant therapy in patients with mechanical heart valves. 
N Engl J Med 1995;333:11-7. 

17.  Poli D, Antonucci E, Lombardi A, Cecchi E, Corsini I, Gensini GF, Abbate R, Prisco 
D. Low incidence of hemorrhagic complications of oral anticoagulant therapy in 
patients with atrial fibrillation in the daily practice of an anticoagulation clinic. Ital
Heart J 2003;4:44-7. 

18.  van Geest-Daalderop JH, Sturk A, Levi M, Adriaansen HJ. [Extent and quality of 
anti-coagulation treatment with coumarin derivatives by the Dutch Thrombosis 
Services [Dutch]. Ned Tijdschr Geneeskd 2004;148:730-5. 

19.  Gasse C, Hollowell J, Meier CR, Haefeli WE. Drug interactions and risk of acute 
bleeding leading to hospitalisation or death in patients with chronic atrial fibrillation 
treated with warfarin. Thromb Haemost 2005;94:537-43. 

20.  Palareti G, Leali N, Coccheri S, Poggi M, Manotti C, D'Angelo A, Pengo V, Erba N, 
Moia M, Ciavarella N, Devoto G, Berrettini M, Musolesi S. Bleeding complications 
of oral anticoagulant treatment: an inception-cohort, prospective collaborative study 
(ISCOAT). Italian Study on Complications of Oral Anticoagulant Therapy. Lancet 
1996;348:423-8. 

21.  Torn M, Bollen WL, van der Meer FJM, van der Wall EE, Rosendaal FR. Risks of 
oral anticoagulant therapy with increasing age. Arch Intern Med 2005;165:1527-32. 

22.  Aithal GP, Day CP, Kesteven PJ, Daly AK. Association of polymorphisms in the 
cytochrome P450 CYP2C9 with warfarin dose requirement and risk of bleeding 
complications. Lancet 1999;353:717-9. 

23.  D'Andrea G, D'Ambrosio RL, Di Perna P, Chetta M, Santacroce R, Brancaccio V, 
Grandone E, Margaglione M. A polymorphism in the VKORC1 gene is associated 
with an interindividual variability in the dose-anticoagulant effect of warfarin. Blood 
2005;105:645-9. 



18              Chapter 1 
 
 
 
24.  Ageno W, Turpie AG. A randomized comparison of a computer-based dosing 

program with a manual system to monitor oral anticoagulant therapy. Thromb Res 
1998;91:237-40. 

25.  Manotti C, Moia M, Palareti G, Pengo V, Ria L, Dettori AG. Effect of computer-
aided management on the quality of treatment in anticoagulated patients: a 
prospective, randomized, multicenter trial of APROAT (Automated PRogram for 
Oral Anticoagulant Treatment). Haematologica 2001;86:1060-70. 

26.  Poller L, Wright D, Rowlands M. Prospective comparative study of computer 
programs used for management of warfarin. J Clin Pathol 1993;46:299-303. 

27.  Poller L, Shiach CR, MacCallum PK, Johansen AM, Munster AM, Magalhaes A, 
Jespersen J. Multicentre randomised study of computerised anticoagulant dosage. 
European Concerted Action on Anticoagulation. Lancet 1998;352:1505-9. 

28.  Vadher BD, Patterson DL, Leaning MS. Validation of an algorithm for oral 
anticoagulant dosing and appointment scheduling. Clin Lab Haematol 1995;17:339-
45. 


