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Introductio nn and outline of the thesis 



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 

8 8 



IntroductionIntroduction & Outline 

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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ChapterChapter 1 

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. 

Outlin ee 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. 

10 0 



IntroductionIntroduction & Outline 

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. 

i i i 
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ChapterChapter 2 

Abstract t 

Low-molecular-weightt heparin compounds are used in the treatment of patients with 

venouss thromboembolism for approximately 15 years. Ever since the introduction, 

theree has been a discussion about whether low-molecular-weight heparin compounds 

differr in their efficacy and safety. The best answer is given by direct comparison of 

differentt low-molecular-weight heparin preparations, however, these trials have not 

beenn conducted. Classical meta-analysis has its limitations for such a comparison since 

onlyy a very small number of trials with the respective low-molecular-weight heparin 

compoundss are available. The objective of the present analysis has been to use meta-

regressionn in addition to classical meta-analysis to compare the efficacy and safety of 

differentt low-molecular-weight heparin compounds in the initial treatment of patients 

withh venous thromboembolism. We used computerized literature searches to identify 

studiess that compared dose-adjusted unfractionated heparin treatment with fixed dose 

subcutaneouss low-molecular-weight heparin treatment in patients with established 

venouss thromboembolism. The individual odds ratio's of the studies were plotted 

againstt the absolute percentage of the major outcomes in the unfractionated heparin 

controll  group. Linear regression was used to find differences between different low-

molecular-weightt heparin compounds. There appears to be some variation in efficacy 

andd safety among the currently available low-molecular-weight heparin preparations. 

Introductio n n 

Anticoagulationn has been the treatment of choice for patients with venous 

thromboembolismm (VTE), since the landmark study by Barritt and Jordan, in 1960, 

whichh evaluated treatment with heparin and Coumadin versus no therapy. 19 The initial 

treatmentt of VTE should consist of at least five to seven days intravenous 

unfractionatedd heparin (UFH),20-22 followed by a course of vitamin K antagonists, 

withh a dose adjusted to achieve an International Normalized Ratio between 2.0 and 3.0 

forr at least three months, to prevent recurrent VTE.23 Unfractionated heparin is 

producedd from porcine or bovine intestines, and is a glycosaminoglycan consisting of 

chainss of alternating residues of D-glucosamine and uronic acid, either glucuronic acid 

orr iduronic acid.24 Unfractionated heparin is a heterogeneous mixture of 
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AreAre all LK1WH compounds the same? 

polysaccharidee chains ranging in molecular weight from 3,000 to 30,000. The 

anticoagulantt effect of unfractionated heparin is largely accounted for by a unique 

pentasaccharidee sequence. Any heparin chain containing this sequence can bind 

antithrombinn (AT), which will produce a conformational change of AT, that facilitates 

bindingg to factor Xa. To inactivate thrombin, heparin has to form a ternary complex by 

bindingg both AT and thrombin. In order to do this the pentasaccharide containing 

heparinn chain must be at least 18 saccharide units long. In the unfractionated heparin 

mixturee most chains have this length. Therefore, the anti-thrombin and anti-factor Xa 

activityy are equivalent. 

Despitee the fact that convincing evidence has been collected that UFH treatment is 

necessaryy in the initial treatment of VTE,20 some disadvantages have hampered its 

clinicall  use.25 The pharmacokinetic disadvantages of UFH are mainly caused by the 

nonspecificc binding of heparin to plasma-proteins and cells.26 This results in an 

unpredictablee bioavailability, marked variability in the anticoagulant response, and a 

relativee short half-life. Therefore, in order to treat a patient safely and effectively with 

UFH,, regular laboratory measurements of the aPTT are necessary to adjust the dose. 

Thee biological limitations of UFH are bleeding, thrombocytopenia, and osteoporosis. 

Thesee disadvantages of UFH have prompted research aimed at finding alternatives for 

UFHH in the initial treatment of VTE. 

Inn recent years, low-molecular-weight heparin (LMWH) has emerged as a new 

modalityy in the treatment of VTE and has been shown to be an effective and safe 

alternativee for the initial treatment of patients with VTE. This has been established in 

numerouss randomized trials and subsequent meta-analyses.27 These compounds have 

thee advantage of subcutaneous administration and do not require laboratory monitoring, 

sincee the bioavailability is almost 100%. Furthermore, use of LMWH is less frequently 

complicatedd by thrombocytopeniâ and osteoporosis. 29,30 than use of 

unfractionatedd heparin. 

Low-molecular-weightt heparin compounds are fragments of unfractionated heparin. 

Thee difference between UFH and LMWH is the affinity for thrombin. The LMWH 

compoundss have a lower number of chains longer than 18 saccharide units. This results 

inn a ratio of anti-factor Xa to anti-thrombin activity for low-molecular-weight heparin 

compoundss in favor of Xa inhibition, whereas, unfractionated heparin has equal activity 

againstt Xa and thrombin. LMWH compounds are produced by different procedures e.g. 
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controlledd enzymatic or chemical depolymerization processes.'2 This results in chains 

off  heparin with a mean molecular weight of 5,000. Consequently, not all low-

molecular-weightt heparin compounds have the same pharmacokinetic properties and 

ratioo for the activity against Xa and thrombin. In theory, this may, result in clinically 

significantt differences in safety and efficacy of different LMWH compounds in the 

treatmentt of patients with VTE. When discussing the effects of LMWH compounds, 

thiss issue always arises. The technique used sofar to address this question has been the 

classicall  Mantel-Haenszel meta-analysis, with summarizing the data either for all 

LMW HH compounds together or by product group.31 Clearly, the question would be 

bestt answered by direct comparisons of LMWH compounds. However, such studies 

havee not been conducted sofar. Therefore, we first analyzed the relative effects of the 

differentt LMWH' s on mortality, recurrent VTE, and bleeding, by using meta-

regression,, and subsequently contrasted each specific LMWH preparation with all other 

compounds.. This technique allows corrections for the influence of the quality of the 

comparativee UFH treatment arms, which may differ from study to study. 

Methods s 

DataData selection 

Computerizedd literature searches were performed in EMABSE, MEDLINE, and 

CURRENTT CONTENT databases to identify publications that might describe 

randomizedd clinical trials comparing fixed-dose subcutaneous LMWH and dose 

adjustedd UFH. Furthermore, we contacted authors of studies that were only available in 

abstractt form. Finally, we checked references of recently published meta-analyses. 

StudyStudy selection and outcomes 

Twoo independent reviewers analyzed all identified papers that possibly fulfilled our 

predefinedd inclusion criteria and discrepancies were resolved by consensus. Studies 

weree potentially eligible if they described: 1) Initial treatment of patients with 

objectivelyy confirmed venous thromboembolism (deep venous thrombosis and/or 

pulmonaryy embolism); 2) Patients were randomly allocated to either treatment with 

dose-adjustedd UFH (s.c. or i.v.) or fixed-dose subcutaneous LMWH; 3) Data on at least 

onee of the following major outcomes, as a measure of efficacy the rate of symptomatic 
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andd objectively confirmed recurrent VTE during 3 months of follow-up, as a measure 

off  safety the rate of major hemorrhage during the initial treatment period, and the 

mortalityy rate in the first three months after the initial episode of VTE. Dose-finding 

studies,, duplicate publications, publications from which it was not possible to extract 

thee clinical data, were excluded from the analysis. Furthermore, studies evaluating non-

therapeuticc doses of either UFH or LMWH were excluded. 

StatisticalStatistical analysis 

Whenn a sufficient number of studies with adequate methodology and similar design 

weree available, a common effect estimate was obtained by comparing the incidences of 

efficacyy and safety outcomes between the two treatment groups. In such analyses the 

oddss ratios (OR) and the 95% confidence interval (CI) were calculated separately for 

eachh study. A pooled OR was calculated using the Peto meta-analysis. In order to find 

differencess between different LMWH compounds, meta-regression was used. For this 

purposee the log OR of an individual study (negative log OR indicating, a lower 

incidencee of the complications in patients treated with LMWH) was plotted against the 

incidencee in the UFH treated group for each major outcome.32 

Linearr regression was used to evaluate the influence of different variables on the 

observedd treatment effect, expressed as log OR. Explored variables include the 

incidencee of the outcome (as a measure of the standard UFH treatment 

quality/population),, percentage of cancer, type of LMWH (using a dummy variable to 

contrastt a single LMWH versus all others), and year of publication (using a cut off 

valuee of 1996). Regressions were weighted by the inverse of the variance. To evaluate 

relationshipp between efficacy and safety for the various LMWH preparations, the log 

ORR of bleeding and recurrent VTE were plotted. 

Results s 

IdentificationIdentification of trials 

Wee identified 39 publications that described original studies concerning the initial 

treatmentt of patients with venous thromboembolism and which compared s.c. LMWH 

withh i.v. or s.c. dose-adjusted UFH in a randomized fashion. Initial treatment lasted 5 to 

100 days in all studies and patients received thereafter at least three months of vitamin K 
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Studyy Year of Number of Dose Frequency Type of Molecular a-Xa to 

pulicationn patients LMWH weight a-IIa 

ratio o 

Faivre e 

Duroux x 

Hull l 

Lopaciuk k 

Prandoni i 

Simmoneau u 

Lindmarker r 

Fiessinger r 

Koopman n 

Levine e 

Loumanmaki i 

Columbus s 

Simmoneau u 

Decousus s 

Breddin n 

Harenberg g 

1988 8 

1991 1 

1992 2 

1992 2 

1992 2 

1993 3 

1994 4 

1996 6 

1996 6 

1996 6 

1996 6 

1997 7 

1997 7 

1998 8 

1999 9 

2000 0 

68 8 

166 6 

432 2 

146 6 

170 0 

134 4 

204 4 

253 3 

400 0 

500 0 

248 8 

1021 1 

612 2 

400 0 

749 9 

538 8 

aXaa U/kg 

156 6 

90 0 

175 5 

92 2 

95 5 

100 0 

200 0 

200 0 

92 2 

100 0 

200 0 

87.5 5 

175 5 

100 0 

87.5 5 

114 4 

od/bid d 

bid d 

bid d 

od d 

bid d 

bid d 

bid d 

od d 

od d 

bid d 

bid d 

od d 

bid d 

od d 

bid d 

bid d 

bid d 

CY222 2 

nadroparin n 

tinzaparin n 

nadroparin n 

nadroparin n 

enoxaparin n 

dalteparin n 

dalteparin n 

nadroparin n 

enoxaparin n 

dalteparin n 

reviparin n 

tinzaparin n 

enoxaparin n 

reviparine e 

certoparin n 

D D 

--

4500 0 

4500 0 

4500 0 

4500 0 

5000 0 

5000 0 

5000 0 

4500 0 

5000 0 

5000 0 

3900 0 

4500 0 

5000 0 

3900 0 

3800 0 

--

3.6 6 

1.9 9 

3.6 6 

3.6 6 

3.8 8 

4.0 0 

4.0 0 

3.6 6 

3.8 8 

4.0 0 

5.0 0 

1.9 9 

3.8 8 

5.0 0 

4.2 2 

Tablee 1: Randomized clinical trials comparing low-molecular-weight heparin with unfractionated 

heparinn in the initial treatment of patients with venous thromboembolism 

antagonists.. A total of 23 studies were excluded for the following reasons: publications 

fromm which it was impossible to extract the clinical data;33-39 reports of studies that 

weree later published in full;40-43 LMWH doses were adjusted or dose-ranging 

study;44-511 clinical outcomes were not objectively confirmed;48,49,52 follow-up less 

thann 3 months;48,49 f lxecj dose UFH;52-54 a duplicate report;55 and data earlier 

publishedd in full.5^ 

Hence,, a total of 16 studies satisfied our predefined inclusion criteria, and were 

availablee for the present analysis. Details about the dose, the frequency of 

administration,, and type of LMWH, as well as the number of patients included are 

givenn in table 1.57-72 
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Efficacy Efficacy 

Inn total 13 studies were eligible for the assessment of the rate of recurrent VTE.5^-

63,65-722 These studies included a total of 5568 patients, 2768 received LMWH and 

28000 patients were treated with UFH. The OR's for the outcome recurrent VTE for the 

individuall  studies are depicted in Figure 1. The overall OR was 0.66 (95% CI: 0.51-

0.86)) in favor of LMWH, corresponding with a log OR of- 0.18. Figure 2 depicts the 

logg OR of the individual studies versus the absolute percentage of recurrent VTE in the 

UFHH control group for the various LMWH preparations. Although, the inclusion 

criteriaa were essentially similar between the different trials, the absolute percentage of 

recurrentt VTE in the UFH recipients varied between 0.0% and 8.2%, whereas, the log 

ORR varied between - 0.89 and 0.88. Interestingly, a high absolute recurrence rate in the 

UFHH control group appeared to be associated with a lower log OR (B = - 0.137, p = 

0.007),, indicating a higher relative efficacy of the LMWH compound. This relationship 

wass even more pronounced when correction for the proportion of patients with cancer 

inn the various studies was employed (B = - 0.193, p = 0.001). Further correction for the 

yearr of publication, as well as for the primary diagnosis of DVT or PE, did not change 

thee association. 

Study y 

Brcddinn 1999 
Columbuss 1997 
DCCOUSUK1998 8 
Harenbergg 2000 
Hulll  1992 
Koopmann 1996 
Levincc 1996 
Ltndmarke rr  1994 
Lopaciukk 1992 
Loumanmakii  1996 
Prandonii  1992 
Simonncauu 1993 
Simonneauu 1997 

LMW H H 
n/N N 

9/388 8 
27/510 0 
10/195 5 
5/265 5 
6/213 3 
8/202 2 
13/2-17 7 
2/101 1 
0/74 4 
4/117 7 
4/85 5 
0/67 7 
5/304 4 

UFH H 
n/N N 

24/375 5 
25/511 1 
12/205 5 
16/273 3 
15/219 9 
10/198 8 
17/253 3 
0/103 3 
3/72 2 
2/131 1 
7/85 5 
3/67 7 
67308 8 

Pet»» OR 
95%%  n 

Totall  (95% CI) 93/2768 140/2800 

T««« rorhrlrratrttrit\ : Chi'-I8.71. df-U (p-ftlJ ) 

Weight t 

14 4 

9 9 
9 9 
9 9 
8 8 
13 3 

 1 

PetoOR R 
95%%  CI 

->-> 3 
5 5 
I I 
5 5 

100 0 

0.377 (0.19 
1.099 (0.62 
0.877 (0.37 
0.35(0.15 5 
0.422 («.17 
0.788 (0.30 
0.777 (0.37 
7.6!!  (0.47 
0.13(0.01 1 
2.222 (0.44 
0.56(0.17 7 
0.13(0.01 1 
0.844 (0.26 

 0.75) 
 1.90) 

) ) 
-0.83) ) 

1.01) ) 
-- 2.00) 
-- 1.62) 

 122.57) 
-- 1.25) 

 11.22) 
 1.89) 
 1.28) 

-- 2.77) 

0.66(0.51-0.86) ) 

ratour ee I MVi H Favour**  t VI I 

Figuree 1: Scatter plot of the log OR of recurrent VTE against the absolute percentage of recurrent 
VTEE for the different LMWH compounds 
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CC C 
O O 

5 5 
O O 

I I I yy = 

^ V s » » 

11 1 

0.042x,-0.193x x 

Xii = percentage 

x 2 -- absolute pe 

(weightedd by 1 / 

++ 0.152 (p = 0.001) 

cancerr in the different studies, 

rcentagee recurrent VTE in UFH group, 

variance) ) 

O O 

X X 

X A A 

** A 
X X 

1 2 3 4 5 6 7 8 9 9 

absolutee percentage recurrent VTE in the UFH group 
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Figuree 2: Scatter plot of the log OR of recurrent VTE against the absolute percentage of recurrent 

VTEE for the different LMWH compounds. 

Safety Safety 

Al ll  16 studies were eligible for the evaluation of the frequency of major 

hemorrhages.57-722 These studies included a total of 6055 patients, 3006 received 

LMW HH and 3049 patients were treated with UFH. The OR's of the outcome major 

hemorrhagee for the individual studies are depicted in Figure 3. 

Thee overall OR of 0.56 in favor of LMWH (95% CI: 0.38-0.83), corresponding with 

aa log OR of- 0.25. Figure 4 depicts the log OR of the individual studies versus the 

absolutee percentage of major bleeding in the UFH control group for the various LMWH 

preparations.. The absolute percentage of major hemorrhages varied between 0.0% and 

8.6%o,, whereas, the log OR varied between - 0.89 and 0.23. Of note is the large 

variationn in log OR and no relation was observed with the absolute percentage of major 

bleedingg in the control group (13 = - 0.015, p = 0.845). Corrections for the frequency of 

cancer,, or the year of publication did not change this finding. 
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Mortality Mortality 

Inn total 12 studies were eligible for the assessment of the mortality rate.5 9 - 6 2'6 5 - 72 

Thesee studies included in total 5364 patients, 2667 patients received LMWH and 2697 

patientss were treated with UFH. Figure 5 depicts the OR's for the outcome mortality 

forr the individual studies. 

Thee overall OR for mortality was 0.68 in favor of LMWH (95% CI: 0.53-0.88), 

correspondingg with a log OR of- 0.17. Figure 6 depicts the log OR of the individual 

studiess versus the absolute mortality rate in the UFH control group for the various 

LMWHH preparations. The absolute mortality rate varied between 1.4% and 10.6%, 

whereas,, the log OR varied between - 0.89 and 0.18. Interestingly, a trend was 

observedd showing an increased log OR, when the mortality rate in the UFH control 

groupp was higher, indicating smaller treatment effect when the mortality increased in 

thee control group, however the relationship was not statistically significant (B = 0.06, p 

== 0.132). Correction for the proportion of patients with cancer in the various studies, or 

yearr of publication did not change the association. 

ComparisonComparison of different LMWH compounds 
Onlyy dalteparin was associated with a statistically significant effect on both recurrent 

VTEE and major bleeding, this effect remained after correcting for the proportion of 

cancerr in the different studies and the year of publication. Interestingly, the differences 

observedd between dalteparin and all other LMWH compounds together have both a 

negativee and a positive aspect. Dalteparin was associated with an increased log OR (B = 

0.730,, p = 0.030) for efficacy, indicating that it is less effective than the other LMWH 

compounds.. In contrast, the log OR for safety was decreased (B = - 0.592, p = 0.008), 

indicatingg that it is safer than the other LMWH compounds, with respect to the 

occurrencee of major hemorrhage. 

Figuree 7 illustrates the relationship between both efficacy and safety for the LMWH 

compoundss analyzed. Preparations in the lower left quadrant have both an improved 

efficacyy and safety as compared to standard UFH treatment. Preparations in the upper 

leftt quadrant have an improved efficacy, whereas the rate of major hemorrhages is 

higherr than for UFH treatment. Finally, studies in the lower right quadrant have an 

improvedd safety profile, without a better effect on the rate of recurrent VTE. Most 
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Figuree 7: Scatter plot of log OR bleeding versus log OR recurrent VTE for the different studies 
comparingg low-molecular-weight heparins with unfractionated heparin in the initial treatment of 
venouss thromboembolism 

preparationss are in the lower left quadrant, although, clearly compounds closer to the 

leftt lower corner of the graph are those with the best efficacy safety ratio, there appears 

too be much variation between the various compounds, and also between studies with a 

singlee compound. 

Discussion n 

Everr since the introduction of low-molecular-weight heparin compounds in the 

clinical-arena,, there has been a debate, whether LMWH compounds may differ in 

clinicall  efficacy or safety. In this analysis a total of 16 studies have been included with 

77 different LMWH compounds, of which 6 preparations are on the market today. For 

somee LMW H preparations only one study was available and a maximum of 4 studies 

couldd be included for a single preparation. This limited number of studies and the 

absencee of direct comparisons between different LMWH compounds makes the 

analysiss as performed in this study difficult to interpret and warrants for careful 

conclusions. . 
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Nevertheless,, the present analysis reveals some interesting aspects. For recurrent 

VTE,, major hemorrhage, and mortality there is an impressive variation in the absolute 

ratess of the studied outcomes in the UFH treatment group and also the OR's of the 

differentt LMWH preparations show a quite large variation. 

Thee relative efficacy seemed lager when there was a higher absolute percentage of 

recurrentt VTE in the UFH arm. This association was even more pronounced when the 

analysiss was corrected for the percentage of cancer in the various studies. Although, the 

differencee in the absolute recurrence rate in the UFH group is difficult to explain, it has 

previouslyy been suggested that gradually the quality of UFH administration has 

improvedd due to the introduction of dosing nomograms. Interestingly, no effect was 

observedd for the year of publication on the association between efficacy of LMWH 

compoundss in comparison to UFH. 

Usingg linear regression and a direct comparison of the log OR's for both safety and 

efficacyy only one LMWH compound appeared to behave differently from all other 

LMWH's.. This compound (dalteparin) was associated with a lower major hemorrhage 

rate,, but a higher frequency of recurrence. Although, our analysis does not allow for a 

goodd explanation of this finding, it may be related to the dose of dalteparin 

administeredd in the clinical trials. In our analysis we only included studies using a dose 

currentlyy recommended by the manufactures, hence dose finding studies were 

excluded.. Figure IV illustrates that the great majority of LMWH compounds are in the 

lowerr left quadrant, i.e. both efficacy and safety appear to be better than standard 

treatmentt with UFH, but that some variation may be present. However, the limited 

numberr of studies does not permit firm conclusions about clinically relevant differences 

betweenn other LMWH compounds. 

Itt is unlikely that many more studies comparing UFH and LMWH in the treatment of 

objectivelyy established VTE would become available soon, hence the question about 

thee differences between LMWH's may never be adequately answered. An alternative 

approachh may be to use the technique employed here on the larger database of 

prophylaxiss studies or those done in the setting of acute coronary syndromes. 
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Abstract t 

Background:Background: People with venous thromboembolism (VTE) are generally treated for 

fivefive days with intravenous unfractionated heparin or subcutaneous low-molecular-

weightt heparins (LMWH) followed by three months of vitamin K antagonists (VKA ) 

treatment.. Treatment with VKA requires regular laboratory measurements and some 

patientss have contraindications for this treatment. Objectives: To evaluate the efficacy 

andd safety of long-term treatment of VTE with LMWH compared to VKA . Search 

strategy:strategy: Searches of MEDLINE, EMBASE and ISI Web of Science, the Specialized 

Trialss Register of the Cochrane Peripheral Vascular Disease Group and the Cochrane 

Controlledd Trials Register were made and relevant journals were hand-searched. 

Additionall  trials were sought through communication with colleagues and 

pharmaceuticall  companies. Selection criteria: Two reviewers evaluated studies 

independentlyy for methodological quality. Data collection & analysis: Two reviewers 

extractedd data independently. Primary analysis concerned all trial participants during 

thee period of randomized treatment. Separate analyses were performed for category I 

andd category II studies; i.e. studies using similar treatments initially in both study arms, 

andd those that did not; and the different periods of follow-up. Main results: All seven 

studiess fulfillin g our criteria combined, a statistically non-significant reduction in the 

riskk of recurrent VTE favoring LMWH treatment (OR 0.70, 95% CI: 0.42-1.16) was 

found.. Analysis of pooled data for category I studies showed a non-significant 

reductionn in the risk of recurrent VTE favoring LMWH treatment (OR 0.75, 95% CI: 

0.40-1.39).. Omitting a potentially confounded study, a statistically non-significant 

reductionn in the risk of recurrent VTE favoring VKA treatment remained (OR 1.95, 

95%% CI: 0.74-5.19). Al l studies combined, the difference in bleeding significantly 

favoredd treatment with LMWH (OR 0.38, 95% CI: 0.15-0.94), however, considering 

onlyy category I studies a non-significant trend favoring LMWH remained (OR 0.80, 

95%% CI: 0.21-3.00). No difference was observed in mortality (OR 1.51, 95% CI: 0.77-

2.97).. Conclusions: LMWH are possibly as effective as VKA in preventing 

symptomaticc VTE after an episode of symptomatic deep venous thrombosis, but are 

muchh more expensive. Treatment with LMWH is significantly safer than treatment with 

VK AA and may be a safe alternative in some patients; especially those in geographically 

inaccessiblee places, reluctant to visit the thrombosis service regularly, or with 
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contraindicationss to VKA . However, treatment with VKA remains the treatment of 

choicee for the majority of patients. 

Introductio n n 

Symptomaticc venous thromboembolism (VTE) is a frequent disorder in medical 

practice,, affecting two to three persons out of every 1000 inhabitants per year. 

Symptomaticc VTE often occurs after surgery, trauma, and immobilization. 

Additionally,, the risk of symptomatic VTE increases in association with malignancies. 

Moreover,, hereditary thrombophilic conditions, such as factor V Leiden mutation and 

thee pro-thrombin G20210A allele, as well as deficiencies in antithrombin, protein C 

andd protein S, increase the risk for both spontaneously and secondary occurring 

thrombosis. . 

Thee primary aim of treatment of symptomatic VTE is the prevention of recurrent 

symptomaticc VTE, including potentially fatal pulmonary embolism (PE). Patients are 

usuallyy treated with an initial course of unfractionated heparin or low-molecular-weight 

heparinn (LMWH) (for approximately five to seven days) and vitamin K antagonist 

(VKA )) therapy, which is started simultaneously and continued for a period of at least 

threee months thereafter. The prolonged use of VKA has proven efficacy in comparison 

too placebo and low dose heparin.73,74 jfe u se of adjusted doses of subcutaneous 

unfractionatedd heparin in therapeutic doses is as effective as VKA in preventing 

recurrencee of symptomatic VTE, but both require regular laboratory monitoring.75 

Normall  practice is to use VKA to achieve a prolongation of the prothrombin time 

equivalentt to an International Normalized Ratio (INR) of 2.0 to 3.0.23 However, with 

thee use of VKA , there remains a considerable risk of major bleeding (approximately 3-

4%)) in the first three months of treatment.76 Moreover, in some patients it is difficult 

too achieve a stable INR in the therapeutic range, which leads to an increased risk of 

bleedingg complications. 

Long-termm treatment of symptomatic VTE with LMWH has been proposed in the 

hopee of minimizing the risk of bleeding complications. LMWH have been compared to 

unfractionatedd heparin in the initial treatment of symptomatic VTE, and are associated 

withh a statistically significant reduction in major bleeding.77 Moreover, use of LMWH 

iss less frequently complicated by thrombocytopeniâ and osteoporosis29,30 than use 
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off  unfractionated heparin, and these compounds do not require laboratory monitoring. 

Therefore,, if the efficacy and safety of LMWH are comparable to VKA , they could be 

usedd in the long-term treatment of symptomatic VTE. This would be especially 

importantt for patients in whom VKA are contraindicated or impractical, e.g. pregnant 

women,, or those living in geographically inaccessible places. 

Thee purpose of this review was to evaluate the efficacy and safety of long-term 

treatmentt of symptomatic VTE with LMWH compared to long-term treatment with 

VKA . . 

Methods s 

CriteriaCriteria for considering studies for this review 

TypesTypes of studies 

Studiess were considered in which patients were randomly allocated to long-term 

treatmentt with VKA or LMWH. Studies were excluded if they were duplicate reports 

orr preliminary reports of data later presented in full. 

TypesTypes of participants 

Studiess were considered if patients with symptomatic VTE were included. Studies 

weree excluded if accepted objective tests were not used to confirm the diagnosis of 

deepp venous thrombosis (DVT) (venography, ultrasound or any sequence of tests that 

resultss in a high positive predictive value for the diagnosis of symptomatic DVT) or the 

diagnosiss of PE (high probability ventilation-perfusion long scan or pulmonary 

angiography). . 

TypesTypes of interventions 

Studiess were included if VKA were compared with LMWH for the long-term 

treatmentt of symptomatic VTE. Studies were included if the initial treatment for 

symptomaticc VTE consisted of LMWH or unfractionated heparin for five to ten days. 

TypesTypes of outcome measures 

Primaryy outcomes were the incidence of recurrent symptomatic VTE, the occurrence 

off  major bleeding complications, and mortality. Studies were excluded for the 
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evaluationn of bleeding complications if the definition of major and minor bleeding was 

unclear. . 

Thee following criteria were accepted for the diagnosis of recurrent symptomatic 

DVT:: an extension of an intraluminal filling  defect on a venogram, or a new 

intraluminall  fillin g defect, or an extension of non-visualization of proximal veins in the 

presencee of a sudden cut-off defect on a venogram seen on at least two projections. 

Wheree no previous venogram was available for comparison, an intraluminal-filling 

defectt sufficed. Where no venogram was available, abnormal results of compression 

ultrasonographyy in an area where compression had been normal, or a substantial 

increasee in the diameter of the thrombus during full compression at the popliteal or 

femorall  vein.65,66 were accepted. Or, where neither a venogram nor an 

ultrasonographicc study was available, a change in the results of impedance 

plethysmographyy from normal to abnormal, accompanied by a change from negative to 

positivee result on a D-dimer test were acceptable. 

Thee following criteria were accepted for recurrent PE: a new intraluminal fillin g 

defect,, an extension of an existing defect, or the sudden cut-off of vessels more than 2.5 

mmm in diameter on a pulmonary angiogram. Where no prior pulmonary angiogram was 

available,, an intraluminal fillin g defect or sudden cut-off of vessels more than 2.5 mm 

inn diameter on a pulmonary angiogram was sufficient. Where no pulmonary angiogram 

wass available, a defect of at least 75% of a segment on the perfusion scan with normal 

ventilationn was accepted. Where the ventilation-perfusion scan was non-diagnostic (and 

noo pulmonary angiogram was available), satisfaction of the above criteria for DVT was 

acceptable.. PE demonstrated at autopsy was also acceptable. 

Hemorrhagess were classified as major if they were clinically overt and associated 

withh a fall in hemoglobin level of 2 g/dl (1.6 mM) or more; clinically overt and leading 

too a transfusion of two or more units of packed cells; intracranial; retroperitoneal; 

leadingg directly to death; leading to interruption of antithrombotic treatment or 

(re)operation. . 

SearchSearch strategy for identification of studies 

Thiss review has drawn on the search strategy developed for the Cochrane Peripheral 

Vascularr Diseases Group as a whole. Publications describing (or which might describe) 

RCTss of comparisons between VKA and LMWH for long-term treatment of 

symptomaticc VTE were sought through electronic searches of the Cochrane Peripheral 
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Vascularr Diseases Specialised Trials Register (May 2001), and the Cochrane 

Controlledd Trials Register (Issue 2, 2001). Briefly, the Specialised Trials Register of 

thee Group has been constructed from regular electronic searches of MEDLINE (1966 

onwards),, EMBASE (1980 onwards), and the Cochrane Controlled Trials Register; and 

throughh handsearching 38 relevant journals and numerous conference proceedings. 

Relevantt trials are entered into the Register. The full list of journals and conference 

proceedings,, as well as the search strategies for the electronic databases, are described 

inn the 'Search strategies for the identification of studies' section within the editorial 

informationn about the Cochrane Peripheral Vascular Diseases Group. 

Additionall  trials were sought through electronic searches of IS1 (International 

Scientificc Information) the Web of Science. In addition, randomized clinical trials were 

locatedd through personal communication with colleagues. Where necessary, 

pharmaceuticall  companies were contacted. 

Thee following search strategy was used to search the Cochrane Controlled Trials 

register,, in short: (warfarin OR coumarins OR Coumadin) AND (low-molecular-weight 

heparinn OR LMWH) AND (embolism OR Thrombosis OR DVT OR pulmonary 

embolismm OR thromboembolism) 

Thee search strategy of the Cochrane Peripheral Vascular Diseases Group was 

supplementedd by the following search strategy for identifying possible trials that 

comparee VKA and LMWH for the long-term treatment of symptomatic VTE: 

Forr the MEDLINE database we used in short (last search 01 May 2001): 

Expp VTE/ AND exp Heparin, low-molecular-weight/ AND exp coumarins/ AND exp 

recurrence/ / 

Forr the EMBASE database we used in short (last search 01 May 2001): 

Expp VTE/ AND exp low molecular weight heparin/ AND exp coumarin/ AND exp 

recurrentt disease/ 

Forr the ISI the Web of Science database we used in short (last search 01 May 2001): 

Randomizedd controlled trials.mp AND VTE.mp AND low-molecular-weight 

heparin.mpp AND coumarins.mp AND recurrent disease 
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MethodsMethods of the review 

SelectionSelection of studies 

Evaluationss of potentially eligible studies to confirm eligibility and methodological 

qualityy were performed independently by two reviewers. Disagreements were resolved 

byy discussion and by consulting a third reviewer. 

QualityQuality of studies 

Thee adequacy of concealment of allocation prior to randomization (clearly 

concealed,, unclear if concealed, and clearly not concealed), double-blind nature of the 

studyy and the use of blind assessment of the outcome measures were assessed. Trials 

weree classified into two categories. Category I studies, were those studies with a high 

methodologicall  quality: i.e. clearly concealed randomization, AND double-blind 

treatmentt or blinded assessment of the outcome measures. Category II studies were 

thosee studies with a lower level of methodological quality: i.e. unclear or clearly not 

concealedd randomization, OR blind outcome assessment not implemented. 

DataData extraction 

Eligiblee articles were reviewed and summary information extracted. The following 

informationn was sought: patient characteristics (age, gender, co-morbidity); number of 

patientss in each treatment arm; duration of therapy; type of anticoagulant (VKA and 

loww molecular weight heparin); the incidence and the timing of recurrent VTE, major 

bleedingg complications, and mortality. The data were extracted independently by two 

reviewerss using a standard form. 

StatisticalStatistical analysis 

Thee incidence of recurrent symptomatic VTE and major bleeding for the different 

treatmentt arms were used to calculate an odds ratio separately for each trial. These odds 

ratioss were combined across studies, giving weight to the number of events in each of 

thee two treatment groups in each separate study using the Mantel-Haenszel procedure, 

whichh assumes a fixed treatment effect.78,79 

Primaryy analysis concerned all patients in the studies, during the period of 

randomizedd treatment. If the period of randomized treatment differed, analyses per 

periodd of treatment were performed. Additionally the primary analyses were performed 

forr category 1 and category II studies separately. Separate analyses were performed for 

thee studies that used similar initial treatment in both study arms and those that used 
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differentt treatment regimes during the initial treatment for PE or DVT (i.e. LMWH 

versuss unfractionated heparin in the initial treatment of symptomatic VTE, a potential 

sourcee of confounding). An additional analysis concerned the total period of follow-up 

inn the different studies. 

Al ll  analyses were according to the intention to treat analysis. When the individual 

studiess did not use intention-to-treat analyses, the analyses of this review were on the 

basiss of the data provided by the individual study. 

Thee statistical appropriateness of combining the trials was addressed with a 

statisticall  test of homogeneity, which considers whether differences in treatment effect 

overr individual trials are consistent with natural variation around a constant effect.79 

Results s 

DescriptionDescription of studies 

Ninee trials were identified, that fulfilled our inclusion criteria. Two studies were 

excluded:: one because it was a duplicate report,80 and the other because the data were 

laterr published in full by Das et al.81 An additional paper by Hull et al.82 j s a report 

off  a study that is still being conducted. 

MethodologicalMethodological quality of included studies 

Inn three studies adequately concealed randomization was used.83-85 Das 3̂ used 

blockk randomization to allocate treatment. A computer-derived treatment schedule was 

usedd in the study of Pini.84 Finally, in the study of Gonzalez-Fajardo,5̂ a computer 

schedulee was reportedly used to assign patients to one of the two groups. In all three 

studiess treatment was not blinded. The outcome assessment was blinded in all these 

studies.. Das 3̂ used radiologists unaware of treatment allocation. Pini84 Used an 

independentt panel of physicians who were unaware of treatment allocation. Finally, 

Gonzalez-Fajardo°55 used two blinded observers to assess the outcome of the 

venograms.. These three studies were classified as category I. 

Thee studies by Lopez-Beret̂ and Veiga^̂  did n ot use a clearly concealed 

randomizationn procedure. Randomization in the study of Lopaciuk Ŝ was not clearly 

concealedd and outcome measures were not blindly assessed. Hamann9̂ did n ot use a 

34 4 



IKIK A or LMWltfor VTE\> 

clearlyy concealed randomization procedure, nor was blinded outcome assessment used 

inn this study. These four studies were classified as category II . 

Sixx studies used similar initial treatment in both treatment arms.8^,84,86-89 

However,, in the study of Gonzalez-Fajardo,85 the initial treatment in the LMWH arm 

consistedd of subcutaneous enoxaparin administered twice daily for ten days, while the 

initiall  treatment in the VKA arm consisted of a course of intravenous unfractionated 

heparin. . 

Thee seven randomized clinical t r ia ls,8 3 - 89 were published between 1994 and 2001 

andd included a total of 1137 patients. All seven studies included only patients with 

DVT.. Two studies83* 85 compared long-term treatment of VKA with long-term 

treatmentt with LMWH for the prevention of recurrent symptomatic VTE, during three 

monthss of treatment. Some patients in two other studies8 4'88 received additional 

treatmentt with either LMWH or VKA for an additional three to nine months, this 

prolongationn of treatment was not, however, divided evenly between the two treatment 

arms.. More patients in the VKA treatment group continued the allocated treatment. The 

patients,, in the other three studies,86^87,89 received either a course of three months or 

aa course of six months of allocated treatment, depending on the severity of the DVT 

andd on whether the patients had recurrent DVT. The treatment durations were evenly 

dividedd between the treatment arms in these studies. 

Das833 reported a total of 19 patients (18%) who did not complete the study 

accordingg to the protocol, six patients in the LMWH group did not complete the three 

monthss of follow-up (one death, one severe illness, two PE, one loss to follow-up, one 

inadequatee venogram). Thirteen patients in the VKA group did not complete the three 

monthss of follow-up (three deaths, three severe illness, one PE, three loss to follow-up, 

threee inadequate venogram). The analyses of these patients were according to the 

intention-to-treatt analysis. Pini84 followed all patients for the total follow-up period, 

andd intention-to-treat analysis was provided. Gonzalez-Fajardo85 excluded 20 (11%) 

patientss from the analysis, eight patients in the LMWH arm and 12 in the VKA arm. 

Intention-to-treatt analysis was not provided in this paper and outcome data on these 

patientss were also not provided (in total 12 patients had no second venogram, in five 

patientss treatment was not conducted properly, and three patients were lost to follow-
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up).. Lopaciuk88 excluded a total of nine patients after randomization, intention-to-

treatt analyses was not provided for in the analyses. Three patients in the LMWH group 

(onee sudden death during initial treatment, PE (day three) and vena caval filter insertion 

(dayy 14), one initial treatment changed to unfractionated heparin) and six patients in the 

VK AA group (two exclusion criterion overlooked (vein compression by arterial 

aneurysm),, three consent withdrawal, one initial treatment changed to thrombectomy) 

didd not complete the study according to the protocol. Veiga87 and Lopez-Beret86 

reportt all patients' follow-up, no patients were lost to follow-up. Quality of treatment 

withh VKA , defined as an INR between 2.0 and 3.0 was provided in five studies.83" 87 

IncidenceIncidence of recurrent symptomatic VTE, during active treatment: 

Al ll  seven category I and II studies reported the occurrence of recurrent symptomatic 

VTEE during the first three to six months after randomization. Six studies showed no 

statisticallyy significant differences between LMWH and VKA treatment.83,84,86-89 

Inn contrast, the study of Gonzalez-Fajardo85 found a statistically significant OR of 

0.388 (95% CI: 0.17-0.86) in favor of LMWH. 

Inn the seven combined studies, shown in Figure 1, a total of 38 of the 569 patients 

(6.7%)) in the VKA group had recurrent symptomatic VTE, versus 27 of the 568 

patientss (4.8%) in the LMWH group, that is a statistically non-significant reduction of 

thee risk of recurrent symptomatic VTE in favor of LMWH treatment (OR 0.70, 95% 

CI:: 0.42, 1.16). The test for heterogeneity was negative (p = 0.09). 

Whenn considering only category I studies,83"85 a t o t a| 0f 25 of the 241 patients 

(10.4%)) had recurrent symptomatic VTE in the VKA arm, versus 19 of the 236 patients 

(8.1%)) allocated to LMW H treatment in the three months of treatment. Analysis of the 

pooledd data showed a statistically non-significant reduction of the risk of recurrent 

symptomaticc VTE in favor of LMWH treatment (OR 0.75, 95% CI: 0.40-1.39). The test 

forr heterogeneity was positive (p = 0.03). 

Thee category I study of Gonzalez-Fajardo85 was possibly confounded by a 

differencee in the initial treatment and it produced an odds ratio in favor of LMWH of 

0.388 (95% CI: 0.17-0.86). Therefore, the two category I studies,83^84 that compared a 

VK AA against LMWH for the long-term treatment of symptomatic VTE used the same 

initiall  treatment in both arms, were considered in a separate analysis. Six of the 149 

patientss (4.0%) in the VKA arm, versus 11 of the 143 patients (7.7%) in the LMWH 
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groupp had recurrent symptomatic VTE in these two studies. Analysis of the pooled data 

showedd a statistically non-significant reduction of the risk of recurrent symptomatic 

VT EE in favor of VK A treatment (OR 1.95, 9 5% CI: 0.74-5.19). The test for 

heterogeneityy was negative (p = 0.57). 

RecurrentRecurrent symptomatic VTE during the additional period of follow-up after cessation 

ofof active treatment 

Twoo category I and four category II studies84-89 evaluated a period of six to nine 

monthss after cessation of the allocated treatment. A total of 18 of the 514 patients 

(3.5%)) in the VK A group, versus a total of 26 of the 518 patients (5.0%) in the arm 

allocatedd to L M W H treatment experienced an episode of recurrent symptomatic VTE. 

Combinedd analysis showed a statistically non-significant difference in recurrent 

symptomaticc VT E in favor of VK A treatment (OR 1.46, 9 5% CI: 0.80-2.69). The test 

forr heterogeneity was negative (p = 0.47). Pini84 a n (j Gonzalez-Fajardo85 were the 

onlyy two category I studies that evaluated an additional period of nine months after 

cessationn of the allocated treatment. A total of seven of the 186 patients (3.8%) in the 

VK AA arm, versus a total 13 of the 186 patients (7.0%) in the L M W H arm experienced 

Study y LMWH H VKA A 
n/N N 

PetoOR R 
95%% CI 

Weight t 
% % 

PetoOR R 
95%% CI 

Pinii  1994 
Dass 1996 
Hamannn 1998 
Gonzalezz 1999 
Lopaciukk 1999 
Veigaa 2000 
Lopezz 2001 

6/93 3 
5/50 0 

4/94 4 
2/55 5 

8/93 3 
3/101 1 
2/50 0 
0/81 1 

Totall  (95% CI) 27/568 

19/92 2 
7/101 1 
1/50 0 
3/77 7 

38/569 9 

Testt for heterogeneity: CM'=10.94, AH ( ]F0.09), 1=45.1% 

4 4 
16 6 
11 1 

39 9 
15 5 

->> 5 
5 5 

1,54(0.43-5.49) ) 
2.75(0.60-12.69) ) 

1.50(0.26-8.84) ) 
0.38(0.17-0.86) ) 
0.43(0.12-1.54) ) 
1.97(0.20-19.43) ) 
0.13(0.01-1.22) ) 

0.70(0.42-1.16) ) 

0.11 0.2 0.5 1 2 5 10 

Favourss LMWH Favours VKA 

Figuree 1: recurrence of symptomatic venous thromboembolism for the category I and category II 

studiess combined during the first three months of allocated treatment 
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ann episode of recurrent symptomatic VTE. Combined analysis showed a statistically 

non-significantt difference in thromboembolic complications in favor of VKA treatment 

(ORR 1.90, 95% CI: 0.77-4.68). It should be noted that in the study by Pini§4 34 0f the 

944 patients used the VKA during an additional three months, and 14 of the 94 patients 

usedd the VKA for an additional nine months, whereas in the LMWH group all 93 

patientss stopped their assigned treatment after three months. 

IncidenceIncidence of major bleeding 

Figuree 2 depicts all seven category I and II studies reporting the incidence of major 

bleedingg during allocated treatment. Six studies did not find a statistically significant 

differencee between the two groups. In contrast the study by Lopez- Beret86 w as the 

onlyy study that found a statistically significant difference in favor of the LMW H group 

(ORR 0.12, 95% CI: 0.02-0.89). Analysis of the pooled studies showed major bleeding 

complicationss in 14 of the 569 patients (2.5%) in the VKA arm, versus five of the 568 

patientss (0.9%) in the LMWH group. This difference is statistically significant in favor 

off  LMW H therapy (OR 0.38, 95% CI: 0.15-0.94). The test for heterogeneity was 

negativee (p = 0.51). 

Study y LMWH H 
n/N N 

VKA A 
n/N N 

PctoOR R 
95%% CI 

Weight t 
% % 

Petoo OR 
95%% CI 

Pinii  1994 3/93 3/94 
Dass 1996 0/50 0/55 
Hamannn 1998 0/100 2/100 
Gonzalezz 1999 1/93 2/92 
Lopaciukk 1999 1/101 1/101 
Veigaa 2000 0/50 2/50 
Lopezz 2001 0/81 4/77 

Totall  (95% CI) 5/568 14/569 

Testt for heterogeneity: Chi'=4.25, <lf=5 (n=0.51), N % 

*+--

•*--

31 1 

11 1 
16 6 

-»» 11 
11 1 
21 1 

1.01(0.20-5.12) ) 
Nott estimable 

0.13(0.01-2.16) ) 
0.50(0.05-4.91) ) 
1.00(0.06-16.10) ) 
0.13(0.01-2.15) ) 
0.12(0.02-0.89) ) 

0.38(0.15-0.94) ) 

IUU 9.2 0.5 1 2 5 10 

Favourss LMWH Favours VKA 

Figuree 2: major bleeding complications for the category I and category 11 studies combined during 

thee first three months of allocated treatment. 
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Studv v LMWH H 
n/N N 

VKA A 
n/N N 

PetoOR R 
95%% Cl 

Weight t 
% % 

PetoOR R 
95%% Cl 

Pinii  1994 
Dass 1996 
Hamannn 1998 
Gonzalezz 1999 
Lopaciukk 1999 
Veigaa 2000 
Lopezz 2001 

5/93 3 
1/50 0 

4/9-1 1 
3/55 5 

1/93 3 
3/101 1 
3/50 0 
7/81 1 

Totall  (95% Cl) 21/568 

2/101 1 
1/50 0 
3/77 7 

14/569 9 

Testt for heterogeneity: Ctu =3.24, df=6 (p=0789), f=0% 

26 6 
12 2 

- >> 6 
-*  3 
-- 15 
4 4 12 2 

28 8 

1.28(0.34-4.85) ) 
0.39(0.05-2.88) ) 
1.00(0.06-16.10) ) 
7.31(0.15-368.42) ) 
1.50(0.26-8.84) ) 
2.80(0.38-20.52) ) 
2.22(0.62-7.95) ) 

0.70(0.42-1.16) ) 

0.1 1 10 0 

Favourss LMWH Favours VKA 

Figuree 3: mortality for the category I and category II studies combined during the first three 

monthss of allocated treatment. 

Thee three category I studies83-85 reported five of the 241 patients (2.1%) with a 

majorr bleeding in the VKA group, versus four of the 236 patients (1.7%) with a major 

bleedingg in the LMWH arm (OR 0.80, 95% CI: 0.21-3.00). No major bleeding occurred 

inn the additional nine months of follow-up. 

Mortality Mortality 
Figuree 3 depicts all seven studies that reported the mortality during the allocated 

treatment.. The individual studies did not find statistically significant differences 

betweenn the two treatment groups. Combining these studies, 14 of the 569 patients 

(2.5%)) died in the VKA treatment group, versus 21 of the 568 patients (3.7%) in the 

LMWHH group (OR 1.51, 95% CI: 0.77-2.97). The test for heterogeneity was negative 

(pp = 0.78). 

Twoo category I and four category II studies84"89 extended the follow-up period for 

ann additional six to nine months and found that 18 of the 514 patients (3.5%) in the 

VKAA arm died, versus 20 of the 518 patients (3.9%) in the LMWH group (OR 1.11, 

95%% CI: 0.58-2.15). The test for heterogeneity was negative (p = 0.88). 
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Discussion n 

Inn this review we included seven randomized trials that compared long-term 

treatmentt (three to six months) with VKA and LMWH for the prevention of recurrent 

symptomaticc VTE. When all seven studies, three category I and four category II , were 

combinedd we could not find a statistically significant difference for two of the three 

predefinedd outcome measures (recurrent symptomatic VTE and overall mortality). For 

thee third predefined outcome, major bleeding, a statistically significant reduction in 

favorr of LMWH was found (OR 0.38. 95% CI: 0.15-0.94). When only the category I 

studiess were considered for this outcome, a trend toward reduction oï major bleeding 

wass observed in favor of LMWH, but this difference was no longer significant (OR 

0.80,, 95% CI: 0.21-3.00). 

Althoughh the difference in recurrent VTE was not significant, a trend towards 

reductionn in recurrent symptomatic VTE was observed with LMWH treatment 

comparedd with VKA treatment, when all studies were combined (OR 0.70, 95% CI: 

0.42-1.16).. However, if only the two category I studies, with the same initial treatment 

weree considered, a trend in favor of VKA treatment, surrounded by a broad 95% 

confidencee interval, was found (OR 1.95, 95% CI: 0.74-5.19). This corresponding OR 

hass to be considered with great caution, because it is only based on two studies. Had a 

moree conservative random effect model been used for all outcomes, the confidence 

intervalss would have been even wider and the statistically significant difference for 

majorr bleeding would not have been significant. 

Therefore,, based on these figures there is not enough evidence to conclude that 

LMW HH treatment has greater efficacy than VKA in the long-term treatment of VTE. 

However,, it appears that long-term treatment with LMWH is possibly safer than 

treatmentt with VKA . 

Whenn considering these outcomes a few points should be highlighted. Firstly, the 

trendd towards benefit of LMWH treatment, as observed when all seven studies were 

considered,, was mainly due to the results of the category I study of Gonzalez-

Fajardo.855 This study is the only study that showed a statistically significant difference 

betweenn the incidence of recurrent symptomatic VTE during the long-term treatment of 

DVTT in favor of LMWH. However, unlike the other two category I studies, this study 

wass possibly confounded, since the initial treatment was different in the two treatment 

groups.. This may be relevant, since in the report by Gonzalez-Fajardo et al. no 
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documentationn of the quality of the unfractionated heparin treatment was given. A 

previouss report suggests that inferior quality of initial unfractionated heparin treatment 

predisposess patients to developing recurrences during follow-up.21 

Secondly,, the doses of the different low-molecular-weight compounds used were 

relativelyy low. The two best category I studies that observed a trend in favor of LMWH 

forr the prevention of recurrent symptomatic VTE used relatively low doses of LMWH 

duringg long-term treatment of DVT,83,84 which were approximately twice the dosage 

normallyy used in prophylaxis of symptomatic VTE and not weight-adjusted. The 

relativelyy low dose used is supported by the fact that in one of these studies,84
 a sub-

studyy was performed in which anti-Xa activity was measured after the dose of 

enoxaparinn (4000 anti-Xa IU). Very low levels of anti-Xa activity were found after 24 

hourss (0.04 U/ml 22 hours after the injection of 4000 anti-Xa IU enoxaparin). The 

studyy by Lopez-Beret86 (category II) was the only study that used the same nadroparin 

dosee for the initial treatment as for the long-term treatment. This study found a non-

significantt trend in favor of LMWH for recurrent symptomatic VTE (OR 0.13, 95% CI: 

0.01-1.22).. Therefore, the possibility remains that the doses used in the other trials were 

tooo low for the long-term treatment of symptomatic VTE and in this way might have 

affectedd the efficacy of long-term treatment with LMWH. 

Lopez-Beret866 included a total 25 of 158 patients with infrapopliteal DVT (calf vein 

thrombosis),, evenly divided over both groups, diagnosed by duplex ultrasonography. 

Wee decided to include these patients in the analyses. When omitting these patients from 

thee analyses the results were essentially the same. Two considerations are of interest 

here.. Firstly, duplex ultrasonography is not as sensitive and specific for distal 

thrombosiss as it is for proximal DVT.90 Secondly, the long-term prognosis of distal 

DVTT without treatment is not very clear. It is estimated, from diagnostic studies, that 

approximatelyy only 20% of calf vein thrombi develop into a proximal DVT within two 

weekss of presentation, whereas the remainder, which are probably small and self-

limiting,, do not.91 "94 

Thee significant difference in major bleeding complications during the allocated 

treatmentt in favor LMWH has to be considered with caution. Different LMWH 

compoundss and relatively low doses of the medication were used, as mentioned above. 

Thee significant difference in bleeding incidence in favor of LMWH found when all 

studiess were combined (OR 0.38, 95% CI: 0.15-0.94), disappeared when only the 
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categoryy I studies were considered (OR 0.80, 95% CI: 0.21-3.00). However, the 

relativelyy low doses used have possibly positively influenced the bleeding risk in the 

low-molecular-weightt group. It is of interest that the only study that used the same dose 

off  LMWH for initial treatment as well as for long-term treatment of symptomatic DVT, 

foundd a statistically significant difference in favor of the LMWH group (OR 0.12, 95% 

CI:: 0.02-0.89).86 

Overall,, the data set for the relative efficacy and safety of the long-term treatment of 

patientss with DVT with LMWH or VKA is weak. Although there are no indications for 

substantiall  differences between these two treatments in efficacy, the data point to the 

factt that long-term treatment with low molecular weight heparin is safer than VKA 

therapy.. It should be noted that, due to these low event rates and the relatively small 

numberss in this meta-analysis, small differences might have escaped detection. 

Sixx studies, two category 1^4,85 ancj four category 11,86-89 addressed the recurrent 

symptomaticc VTE rate during an additional six to nine months. There was a trend in 

favorr of LMWH for the prevention of recurrent symptomatic VTE (OR 1.46, 95% CI: 

0.80-2.69).. It should be noted that some of the patients assigned to VKA treatment in 

thee study by Pini84 continued their assigned treatment longer than three months, 

whereass all patients assigned to LMWH treatment stopped treatment after three months 

inn this study. Furthermore, in the category II study by Lopaciuk,88 more patients in the 

VK AA group continued the allocated treatment, compared to the LMWH group. 

Furthermore,, the relatively low doses of LMWH used, might have made patients more 

pronee to recurrent DVT. Other research has found that poor INR control is a risk factor 

forr recurrent DVT. This hypothesis is supported by the fact that the study by Lopez-

Beret866 was the only study that found a trend in favor of LMWH (OR 0.48, 95% CI: 

0.09-2.42). . 

Apartt from the consideration of efficacy and safety, the costs and practical issues of 

LMW HH treatment, compared with VKA treatment in the long-term prophylaxis of 

recurrentt symptomatic VTE for patients with DVT, have to be considered. Firstly, the 

costt of the different treatments has to be considered. Das addressed this question in his 

study833 and concluded that LMWH therapy is less expensive than VKA treatment, 

mainlyy because of the smaller number of days spent in hospital by the LMWH group. 

Inn this study the initial treatment was given by subcutaneous unfractionated heparin in 

bothh groups after randomization. These days, many patients are treated at home with a 
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coursee of subcutaneous LMWH administered by the patient him/herself. After this 

initiall  treatment patients wil l continue with a three months course of VKA with a dose 

adjustedd to achieve an INR between 2.0 and 3.0. Considering this, the difference 

observedd by Das83 is not representative for current practice. Rather the direct costs of 

LMW HH and VKA wil l be decisive. A three months course of VKA treatment has been 

estimatedd to cost approximately $100, in the Netherlands. This includes the costs for 

thee medication and the regular laboratory measurements.95 The costs for a three 

monthss course of LMWH treatment depend mainly on the price of the medication and 

aree estimated to be approximately $490, depending on the weight of the patient. 

Practicall  considerations that influence the choice between LMWH and VKA are 

mainlyy based on patient's and local preferences. The major disadvantage of VKA 

treatment,, compared to LMWH treatment, is the need for regular laboratory 

monitoring.. Furthermore, VKA compounds have some major drug interactions. Drug 

interactionss of LMWH, on the other hand, are uncommon. In addition, LMWH is 

relativelyy safe during pregnancy.96 A major disadvantage of the treatment with 

LMW HH is that the patient has to administer subcutaneous injections him/herself on a 

dailyy basis. In the included studies, only a few patients stopped the treatment with 

LMWH ,, and that was mainly due to problems other than the administration of 

subcutaneouss injections. Das8^ reported that only 8% of patients refused to participate 

inn the study because of reluctance to administer subcutaneous injections themselves. 

Withh consideration to efficacy, mortality, and practical issues, we conclude that for 

thee long-term treatment of DVT, VKA treatment is still the first choice in the majority 

off  patients, because of the higher costs of the LMWH treatment compared to VKA 

treatment,, and the absence of statistically significant differences in favor of one of the 

twoo treatment modalities for all studied outcomes. With regard to safety, a difference 

wass found in the incidence of major bleeding in favor of the LMWH group. 

Therefore,, for patients with contraindications to VKA treatment (e.g. pregnant 

women)) or patients living in geographically inaccessible places, long-term treatment 

withh LMWH is possibly a safer and more practical alternative. If a definitive answer to 

thee question, of which compound is better for the long-term treatment of DVT, is to be 

achieved,, larger adequately-designed clinical trials wil l need to be run. More trials are 

neededd to gives a more definite answer to these questions. 
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Abstract t 

Backgroundd and Objectives: the key complication of vitamin K antagonists (VKA ) is 

bleeding.. The major determinant of VKA induced bleeding is the intensity of 

anticoagulation.. Individual patient characteristics may also influence bleeding risk. In 

addition,, soluble-thrombomodulin (s-TM) levels and mutations in the propeptide of 

factorr IX are important candidate risk factors in this respect. Patients/Methods: A 

matchedd case-control study was designed to search for risk factors that predict bleeding 

duringg VKA treatment. We selected cases that had experienced major bleeding during 

treatmentt with VKA and matched controls without bleeding complications from the 

databasess of two Thrombosis Services. The controls were matched for indication of 

treatment,, age, gender, type of anticoagulant used and whether or not treatment with 

VK AA was stopped. DNA and plasma were stored of all cases and controls. Results and 

Conclusions:: In total 110 patients and 220 controls consented to participate. The results 

stipulatee that s-TM levels, measured by ELISA, may be a strong risk indicator for 

bleedingg (crude odds ratio 3.25 for the highest quartile versus the lowest quartile (95% 

CI:: 1.40-7.51). Three novel mutations, determined by direct sequencing, in the gene 

portionn encoding the propeptide of factor IX were identified that do not seem to play an 

importantt role in bleeding risk during treatment with vitamin K antagonists. 

Introductio n n 

InIn recent years the number of indications for treatment with vitamin K antagonists 

hass increased considerably. Indications are based on studies that show the benefits of 

treatmentt with VKA. 8 Unfortunately, the negative aspect of VKA therapy, i.e. an 

increasedd risk for major bleeding, remains substantial: approximately 1-3% of these 

patientss wil l have major bleeding complications each year.97,98 

Ann important determinant of serious bleeding is the intensity of VKA therapy: the 

higherr the intensity, the greater the bleeding risk. Therefore, prevention of bleeding is 

mainlyy based on avoiding excessive treatment intensities. This is accomplished by 

carefull  monitoring of the International Normalized Ratio (INR). The aim of monitoring 

iss to keep the INR within a particular reference range. The recommended INR range is 
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sett depending on the clinical indication for VKA treatment.» In the Netherlands 

treatmentt with VKA is monitored by Thrombosis Services. 

Nonetheless,, bleeding often occurs even when the INR is in the therapeutic range. In 

thesee instances patient characteristics may play a decisive role. Several studies have 

investigatedd these patient characteristics and they may include: older age, past gastro-

intestinall  bleeding, treated hypertension, cerebrovascular disease, serious heart disease, 

renall  insufficiency, and malignancy (reviewed by Levine et al.99). 

Additionally,, it is possible that genetic- and/or acquired deficiencies in coagulation, 

e.g.. heterozygous deficiencies in coagulation factors, increase the bleeding risk. 

Furthermore,, an excess of anticoagulant activity, for example high soluble-

trombomodulinn (s-TM) levels may also be a risk factor for bleeding during treatment 

withh VKA . 

Exampless of abnormalities that make patients prone to bleeding complications 

duringg treatment with VKA are specific missense mutations, either Ala-lOVal or Ala-

lOThr,, in the propeptide of coagulation factor IX, that confer susceptibility for bleeding 

duringg VKA therapy. Male patients with these mutations have normal factor IX 

activitiess without VKA . Within one week of the start with treatment with VKA the 

factorr IX drops to levels below 5%, which is not reflected in the INR and the patients 

experiencee major bleeding complications.'°, 17 

Onlyy one study investigated the effect of a major player in the anticoagulant protein 

CC pathway, trombomodulin, and found that higher levels of s-TM, that may improve 

thee function of the protein C pathway, increase bleeding risk during treatment with 

vitaminn K antagonists. 18 

Wee designed a case-control study in order to search for (genetic) risk factors for 

bleedingg during treatment with vitamin K antagonists in the Amsterdam and Leiden 

regionss in the Netherlands. In this paper we wil l describe the design of the study, the 

prevalencee of risk factors, the prevalence of factor IX propeptide mutations and the role 

off  s-TM, in a cohort of patients with a major bleeding during treatment with either 

acenocoumaroll  or phenprocoumon and a group of matched controls. 
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Methods s 

AA matched case-control study (FACTORS, FACTors in ORal anticoagulant Safety) 

wass conducted at the Thrombosis Services of Amsterdam and Leiden, The Netherlands. 

Thesee services provide the management of treatment with vitamin K antagonists for the 

largerr Amsterdam and Leiden regions, consisting of approximately 1.7 million 

inhabitantss (in total approximately 22,000 patients-years each year). The Institutional 

Revieww Boards of the Academic Medical Center in Amsterdam and the Leiden 

Universityy Medical Center approved the study protocol. 

PatientsPatients and data collection 

PatientsPatients - Through a computerized search of the databases of the Thrombosis 

Services,, all patients with a reported bleeding complication during 1999, 2000 and 

20011 were identified. All non-traumatic bleeding complications were classified as 

minorr or major. Major bleeding was defined as bleeding leading to death, intracranial 

bleeding,, bleeding leading to hospitalization, leading to a hemoglobin decrease of > 

1.255 mmol/L, and muscle, joint, or intraocular bleeding. Reported bleedings that do not 

meett these criteria were classified as minor. Living patients, with a major bleeding 

duringg VKA therapy, were asked to participate in this study. For each case at least one 

andd maximally four matched controls were included. The controls were selected from 

thee same database as the case based on the same indication for VKA therapy to ensure 

thee same target range. Furthermore, the controls were matched for date of birth (within 

100 years of the index case), gender, the Thrombosis Service the case originated from, 

typee of vitamin K antagonist used (acenocoumarol or phenprocoumon), and whether or 

nott this treatment was stopped at the time of data collection. 

DataData collection - Patients and controls were visited at home by a genetic fieldworker. 

Duringg this visit, after obtaining informed consent, a questionnaire was completed with 

questionss about the medical history and the use of concomitant medication. Data was 

collectedd on smoking habits (smoker, ex-smoker or never smoker), use of alcohol 

(none,, < 1 drink a day, > 1 drink up to 3 drinks a day, and > 3 drinks per day). 

Furthermore,, we collected data on hypertension, diabetes mellitus, peptic ulcer, and 

hemorrhagicc diathesis (regular spontaneous nosebleeds, spontaneous hematoma and 

bleedingg complications during or after operations, before start of VKA treatment). 

Additionally,, information was recorded on indication(s) for VKA therapy, starting date 
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andd target INR. At the end of each visit citrated blood was drawn from the antecubical 

vein.. The blood was kept at 4°C and processed, centrifuged for 20 minutes at 2250g at 

4°C,, within 2 hours of collection and stored at -80°C thereafter. DNA was extracted 

fromm remnant blood cells using standard procedures and stored at -20oCJ00 

LaboratoryLaboratory methods 

SolubleSoluble Thrombomodulin - was assessed with an ELISA (Diaclone, Besancon, 

France)) according to the instructions of the manufacturer. The lower limit of detection 

wass 0.6 ng/ml. 

MutationMutation analysis of the coagulation factor IX propeptide - The second and third 

exonn of the factor IX gene, encoding the propeptide and the Gla domain of coagulation 

factorr IX, were analyzed by direct sequencing after amplification with PCR. In short, a 

4988 bp fragment was amplified using one primer located in intron 1 (nt 6308-6329,101 

5'-GAGATCTAAAATTTTCATGATG-3')) and one primer located in intron 3 (nt 

6735-6756,, 5'-CACATAATTCTCATATGTTTCA-3'). PCR amplification was done 

withh denaturation at 95°C for 5 minutes, and 34 cycles of denaturation temperature of 

95°CC for 45s, annealing temperature of 57°C for 45s, extension at 72ÜC for 45s and the 

finall  extension of 5 minutes at 72°C. The PCR products were sequenced using standard 

protocolss with BigDye Terminator (Applied Biosystems, Warrington, UK). 

StatisticalStatistical analysis 

Thee analyses were performed in SPSS 11.0.1 statistical package. The collected 

datasett consisted of two separate databases of cases and matched controls, one from the 

Leidenn thrombosis service and one from the Amsterdam thrombosis service. No 

relevantt differences were found between the two datasets and therefore only data from 

thee combined set wil l be presented. The relationship between the occurrence of a 

bleedingg event and various patient characteristics was explored by means of univariate 

conditionall  logistic regression. Al l factors univariately associated at a p < 0.10 were 

includedd in a multivariate model. All continuous variables were compared between 

groupss using a mixed effect model to adjust for the matched pairs in the cohort of 

patientss and controls. For the statistical analyses of soluble-thrombomodulin (s-TM), 

thee cases and controls were categorized based upon the quartile ranges of s-TM in the 

controll  group. The lowest quartile was used as the reference category. The odds ratios 
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weree calculated by conditional logistic regression. Because the s-TM levels had a 

skewedd distribution, values were log-transformed for the analyses, however, 

untransformedd medians with corresponding inter-quartile ranges (IQR) are presented. 

Results s 

GeneralGeneral inclusion - In total 3095 non-traumatic bleedings in 2770 patients were 

identified,, of which 508 major bleedings in 497 patients. One hundred and ninety-five 

patientss died before contact could be established. One hundred and seventeen patients 

diedd due to the bleeding, 69 patients died of other causes and 9 patients were not 

trackedd down. Of the remaining 302 patients that were contacted 119 consented to 

participatee in the study (39%). Three hundred and seventy possible controls were 

identifiedd of which 220 (59%) consented to participate. We failed to find a matched 

controll  for nine cases. So the final analysis was performed on 110 patients and 220 

controls. . 

Theree were some notable differences in the general characteristics between the 

participatingg and the non-participating patients. Patients who refused to participate 

weree somewhat older (71 versus 68 years). Female patients more often refused 

participationn and were thus underrepresented in the patient group (40% of the 

participantss was female, but 62% of the non-participants). There were also differences 

inn the distributions of indication for treatment between participants and non-

participants,, but these tended to be minor. In particular, patients treated for ischemic 

heartt disease were less willin g to take part in the study (30% in the participants versus 

50%% in non-participants). On the other hand, patients who underwent vascular surgery 

rarelyy declined participation. The type of bleeding also had some influence on the 

willingnesss to participate and in particular patients with intracranial bleeding may be 

underrepresentedd in the patient group that was included (7% in participants versus 13% 

inn non-participants). 

PatientPatient characteristics-The characteristics of the cases and controls and the 

indicationss for treatment are listed in Table 1. Except for the median duration of 

treatmentt (3.1 years (IQR: 0.9-7.4) for the cases and 1.1 (IQR: 0.5 3.4) for the 

controls;; p < 0.001) and the mean age (68  12 years for the cases and 69  11 years for 

thee controls; p = 0.01) the groups were comparable with respect to the non-matched 

variables.. The distribution of the bleeding complications for the two target ranges is 
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Agee (years, mean  SD) 

Malee sex 

Hypertension n 

Diabetess mellitus 

Alcohol l 

<< 1 drink a day 

11 drink up to 3 drinks a day 

>> 3 drinks a day 

Smokingg status 

Ex-smoker r 

Currentt smoker 

Historyy of cancer 

Historyy of ulcer 

Hemorrhagicc diathesis 

Menorrhagiaa (only women) 

Race:: white 

Mediann duration of treatment (years, IQR) 

Durationn of treatment (years) 

Anticoagulantt used: acenocoumarol 

Stilll  using OAC during blood collection 

Indicationn for vitamin K. antagonist 

Targett range 2.3-3.5 Atrial Fibrillation 

Venouss thromboembolism 

Postt operative 

Others s 

Totall  target 2.5-3.5 

Targett 3.0-4.0 Mechanical heart valve 

Vascularr surgery 

Ischemicc heartdisease 

Others s 

Totall  target 3.0-4.0 

Cases s 

(N== 110) 

688  12 

666 (60%) 

333 (30%) 

14(13%) ) 

13(12%) ) 

388 (35%) 

88 (7%) 

633 (57%) 

244 (22%) 

18(16%) ) 

15(14%) ) 

55 (5%) 

11 1 (25%) 

106(96%) ) 

3.11 (0 .9-7 .4) 

592 2 

622 (56%) 

78(71%) ) 

277 (54%) 

10(20%) ) 

7(14%) ) 

6(12%) ) 

50 0 

18(30%) ) 

16(27%) ) 

18(30%) ) 

88 (4 %) 

60 0 

Tablee 1: overall characteristics and indications of the patient population 
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Controls s 

(N=220) ) 

699  11 

1311 (60%) 

777 (35%>) 

35(16%) ) 

34(16%) ) 

666 (30%) 

19(9%o) ) 

116(53%) ) 

411 (19%) 

24(11%) ) 

29(13%) ) 

111 (5%) 

16(18%) ) 

216(98%) ) 

.11 (0 .5-3 .4) 

635 5 

138(63%) ) 

162(74%) ) 

622 (61 %) 

200 (20 %) 

14(14%) ) 

66 (6 %) 

102 2 

399 (33 %) 

288 (24 %) 

322 (27 %) 

19(17%) ) 

118 8 

P-value e 

0.01 1 

0.88 8 

0.74 4 

0.55 5 

0.77 7 

0.63 3 

0.08 8 

0.09 9 

0.10 0 

1.00 0 

0.99 9 

0.64 4 

0.30 0 

<< 0.001 
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Gastro-intestinal l 

Muscle-- and joint 

Ocularr bleed 

Hematuria a 

Intracranial l 

Nose-bleed d 

Others s 

Total l 

-bleeding g 

Targett 2.5-3.5 

233 (46%) 

14(28%) ) 

55 (10%) 

5(10%) ) 

11 (4%) 

11 (2%) 

11 (2%) 

50 0 

Targett 3.0-4.0 

277 (45%) 

13(22%) ) 

44 (7%) 

44 (7%) 

44 (7%) 

7(12%) ) 

11 (2%) 

60 0 

Tablee 2: bleeding complications during vitamin K antagonist treatment 

listedd in Table 2. The different OR's for the risk of bleeding of the individual patient 

characteristicss are presented in Table 3. Age (OR 0.92, 95% CI: 0.85-0.98), follow-up 

durationn (OR 1.16, 95% CI: 1.08-1.24), ex-smokers (OR 1.79, 95% CI: 0.94-3.40), 

currentt smokers (OR 2.03, 95% CI: 0.90-4.57) and a history of cancer (OR 1.75, CI 

95%:: 0.89-3.45) were univariately associated with a p < 0.10 for bleeding. Therefore, 

onlyy these were included in a final multivariate model and the final OR's are listed in 

Tablee 3. 

ThrombomodulinThrombomodulin levels - Continued VKA therapy had no significant effect on the s-

TMM levels, the median level of the 90 individuals that stopped VKA therapy was 3.6 

ng/mll  (IQR: 2.9-4.3 ng/ml) versus 3.2 ng/ml (IQR: 2.5-3.9 ng/ml) for the 239 

individualss that were still on VKA therapy; p = 0.83). Therefore data from patients who 

stoppedd VKA treatment were combined with the data from patients who continued 

VK AA treatment for further analysis. The distribution of the s-TM is presented in Figure 

1.. The median level of s-TM was significantly higher in the cases as compared to the 

controlss (3.5 ng/ml (IQR 2.7-4.5 ng/ml) versus 3.3 ng/ml (IQR 2.5-3.8 ng/ml), 

respectively;; p = 0.003). Table 4 lists the corresponding OR's for the different quartiles 

off  s-TM. In the highest quartile the OR was 3.25 when compared to the lowest quartile, 

aa statistically significant difference (95% CI: 1.40-7.51). Adjustment for the variables 

univariatelyy associated at a p < 0.1 with bleeding (age, duration of follow-up, smoking 

andd history of cancer) resulted in an ORadj of 4.57 (95% CI: 1.60-13.06). 

PropeptidePropeptide of factor IX - None of the sequences that we investigated contained the 

earlierr described missense mutations in the propeptide Ala-10 region. ,̂ 17 \ye did, 

however,, observe three novel sequence abnormalities. The first abnormality is a silent 
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Agee (years, mean  SD) 

Mediann follow up in years (IQ range) 

Hypertension n 

Diabetess mellitus 

Ex-smokerr versus never smoker 

Currentt smoker versus never smoker 

<< 1 drink a day vs no alcohol 

betweenn 1 and 3 drinks a day vs no alcohol 

>> 3 drinks a day vs no alcohol 

Historyy of cancer 

Historyy of ulcer 

Hemorrhagicc diathesis 

Menorrhagiaa (only women) 

Whitee versus non-white 

OR R 

0.92 2 

1.16 6 

0.88 8 

0.74 4 

1.79 9 

2.03 3 

0.79 9 

1.08 8 

0.79 9 

1.75 5 

1.00 0 

0.99 9 

1.56 6 

2.11 1 

Univariate e 

95%% CI 

0.85-0.98 8 

1.08-1.24 4 

0.54-1.42 2 

0.37-1.45 5 

0.94-3.40 0 

0.90-4.57 7 

0.38-1.68 8 

0.63-1.88 8 

0.30-2.09 9 

0.89-3.45 5 

0.51-1.96 6 

0.33-2.94 4 

0.63-3.90 0 

0.52-8.62 2 

M i i 

OR R 

0.90 0 

1.19 9 

---
---

2.23 3 

2.63 3 

---
---
---

2.34 4 

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

jltivariate e 

95%% CI 

0.83-0.97 7 

1.11-1.29 9 

---
---

1.08-4.61 1 

1.03-6.73 3 

---
---
--

1.08-5.06 6 

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

Tablee 3: results of the univariate and multivariate analysis for patient characteristics 
-- not included in the final multivariate model consisting of age, follow-up duration, smoking status and history of 

cancer r 

C6352TT transition in exon 2 that we observed in two males, one case and one control 

(numberingg according to the hemophilia B database; 

http://www.kcl.ac.uk/ip/petergreen/haemBdatabase.html).. The second mutation we 

foundd was an intronic A6675G transition three base pairs before the beginning of exon 

3,, present in heterozygous form in a female control. Both abnormalities have not been 

reportedd before in the factor IX database. These mutations had no effect on the factor 

IXX levels, as the factor IX levels were in the expected ranges for the corresponding 

INR'ss (data not shown). The third, also novel, abnormality is an A6487G transition that 

predictss a Thr38Ala substitution. This missense mutation was observed in heterozygous 

formm in a female control. The factor IX activity level in this patient was 70% during 

VKAA treatment (INR 2.2) this is at the lower level of normal. 

Discussion n 

Thee first purpose was to build a case-control cohort that would enable a discovery 

programm aimed at identifying (genetic) risk factors for bleeding during VKA 
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Concentrationn s-TM 

<< 2.5 (Reference) 

2.51-3.30 0 

3.31-3.80 0 

>> 3.80 

(ng/ml) ) Cases s 

N == 110 

21 1 

28 8 

17 7 

44 4 

Controls s 

N=220 0 

55 5 

54 4 

57 7 

53 3 

ORR {95% CI) 

1 1 

1.33(0.64-2.76) ) 

0.87(0.39-1.95) ) 

3.25(1.40-7.51) ) 

ORadj*(95%Cl) ) 

1 1 

1.411 (0.63-3.18) 

1.06(0.43-2.62) ) 

4.62(1.61-13.2) ) 

Tablee 4: OR for bleeding for quartiles of s-Thrombomodulin 
adjustedd for age, follow-up duration, history of cancer and smoking status 

treatment.. The collection of patients was hampered by the fact that a large 

proportionn of the patients had died before they could be contacted. Furthermore 

manyy patients were unwilling to participate in the study. As a result, only 39% of the 

eligiblee patients were included in the final cohort of 110 patients, despite the fact we 

visitedd the patients at home. We believe that the 'frailty' of the patients partly 

explainss the unwillingness to participate because bleeders during VKA treatment are 

generallyy older individuals with significant health problems. In addition we collected 

DNA,, and plasma from 220 matching controls. Among controls the willingness to 

participatee was substantially higher (59%). The reluctance to participate may limit 

thee generalization of the results of our study. From the comparison between 

participatingg and non-participating patients we learned that in particular the oldest 

groupp of patients and women are underrepresented in the patient cohort. Moreover, 

individualss who experienced intracranial bleeding are underrepresented. This means 

thatt our results are mainly applicable to relatively healthy 'younger' men without 

intracraniall  bleedings. The bias towards relatively healthy individuals is further 

strengthenedd by the fact that subjects who died from bleeding were also not included in 

thee study. 

Withh respect to the individual patient characteristics, we observed that only history 

off  cancer, smoking status and age were univariately associated with bleeding during 

VKAA treatment with a p < 0.1. The association of malignancy with the risk of bleeding 

iss a confirmation of an earlier study. 102 This is the first study to find an association 

betweenn smoking status and bleeding risk during VKA treatment. 

Thee age difference between cases and controls was not clinically relevant. Because we 

matchedd cases and controls for indication we were not able to study the possible 
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13 3 

11 1 

10 0 

N=219 9 

N=110 0 

Mediann = 3.5 Mediann = 3.3 

Cases s Controls s 

Figuree 1: distribution of soluble-Thrombomudulin levels in cases and controls 

differencess in bleeding risk between indications previously observed.99 The other 

individuall  variables, like previous gastro-intestinal bleeding, hypertension and renal 

insufficiencyy were comparable between cases and controls in our study (data not 

shown). . 

Ourr findings indicate that s-TM levels are a risk indicator for bleeding during VKA 

treatment.. When we compared the lowest versus the highest quartiles of s-TM the OR 

forr bleeding was 3.25. There was not a clear dose response relationship between levels 

off  s-TM and bleeding risk. This would be compatible with a threshold effect, i.e. that 

increasedd risk is only present above a certain level of s-TM. However, the original 

studyy by Jansson did show a clear dose response between bleeding and s-TM levels. 18 

Thee reason for this discrepancy remains unclear, but may be related to the relatively 

loww number of individuals in both studies. 

Itt is unclear how s-TM levels increase bleeding risk. High s-TM levels may reflect 

endotheliall  damage, as has been described in for example seps is1^ a nd diabetes 
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mell i tus, '044 and possibly also in patients experiencing a major bleeding complication. 

Ann other possibility is that the high s-TM levels facilitate the anticoagulant action of 

activatedd protein C at the site of vascular in jury , 05 that would potentiate the effects of 

VK AA therapy, and thus increases bleeding risk. Obviously, the two mechanisms may 

alsoo act simultaneously. Further studies are needed to resolve these issues. Finally, it 

remainss possible that the bleeding event itself resulted in a higher s-TM plasma level. 

Howeverr the prospective study by Jansson found similar risks for individuals 

experiencingg a bleeding event during treatment with VKA , indicating that the s-TM 

levelss may be an independent riskfactor.1^ 

Thee third purpose of our study was to examine to what extent mutations in the 

propeptidee of coagulation factor IX play a role in determining bleeding risk. 16,17 Qn 

thee one hand the results are straightforward in that none of the previously reported 

mutationss involving Ala-10 were found in our cohort. This means that such mutations 

aree rare in our population and not easily found in bleeders during VKA treatment. 

Similarr observations were previously reported for a Dutch populat ion. '̂  Screening 

forr such mutations is therefore not warranted. On the other hand we found other 

sequencee abnormalities. Two of these, i.e. the C6352T transition in exon 2, and the 

intronicc A6675G transition three base pairs before the beginning of exon 3, are 

probablyy neutral and not important for the risk of bleeding, because the levels of factor 

IXX activity were within the ranges expected for the corresponding INR. The third 

abnormalityy predicts an amino acid replacement that is suspected to lead to (mild or 

moderate?)) hemophilia B, as other missense mutations in this codon are associated with 

severee to moderate disease. Interestingly, this mutation was found in a control. Mil d 

defectss in factor IX may not commonly predispose to bleeding during VKA treatment, 

aa notion that has been forwarded by Bestmann et al. when they evaluated heterozygous 

carrierss of the Ala-10 mutations J 07 

Inn conclusion we have successfully built a medium sized case-control cohort for the 

identificationn of risk factors for bleeding during VKA therapy. The first results in this 

cohortt confirm that s-TM levels may be a risk indicators for bleeding in patients who 

aree treated with VKA . Abnormalities in the factor IX gene do not seem to increase the 

riskk of bleeding in our population. 
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Abstract t 

Thee most important complication of vitamin K antagonist treatment is bleeding. 

Majorr determinants of VKA treatment induced bleeding are the intensity of 

anticoagulationn and several patient characteristics like older age and hypertension. We 

hypothesizedd that variations in haemostatic profiles would also predict bleeding during 

VK AA treatment. 

Wee examined this hypothesis in a retrospective case-control study. From the 

databasess of two Thrombosis Services 110 cases who had experienced a major bleeding 

eventt during VKA treatment, and 220 matching controls were selected. Citrated plasma 

wass collected from these individuals and used in a panel of global and specific 

haemostaticc assays. 

Globall  coagulation tests like prothrombin time, activated partial thromboplastin 

time,, and thrombin generation time did not reveal isolated coagulation factor 

deficienciess in the cases. The overall in vivo coagulation activity, measured as Fi-2 

levels,, was higher in the cases, in particular when VKA treatment was continued (odds 

ratioo (OR) highest quartile versus lowest quartile 0.4, 95% CI: 0.17-0.94). Increased 

fibrinolyti cc activity, measured as D-dimer levels, was observed in the cases, in 

particularr during VKA treatment (OR highest versus lowest quartile 2.1, 95% CI: 0.8-

5.2).. Furthermore, elevated levels of von Willebrand factor antigen (OR 2.67, 95% CI: 

1.25-5.80)) and E-selectin (OR 2.11, 95% CI: 1.05-4.24), indicating endothelial 

activation,, were found in cases. 

Inn conclusion, no specific deficiencies in coagulation factors were found, but the 

overalll  coagulation activity, expressed as F|+2 levels appeared to be lower in the cases 

whilstt fibrinolytic activity was higher. Endothelial injury is also a candidate 

determinantt of bleeding during VKA treatment. 

Introductio n n 

Vitaminn K antagonists (VKA ) are commonly used to prevent and treat 

thromboembolism.. In recent years the number of indications for VKA treatment, has 

increasedd significantly. Several studies have been conducted showing the benefits of 

VK AA treatment in various groups of patients.8 Unfortunately, the risk of major 
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bleedingg complications during VKA therapy remains substantial; approximately 1-3% 

off  these patients wil l develop major bleeding complications every year.97,98 

Ann important determinant of serious bleeding during VKA treatment is the intensity 

off  anticoagulation: the higher the intensity, the greater the bleeding risk. Therefore, 

preventionn of bleeding is mainly based on avoiding excessive anticoagulation. This is 

accomplishedd by careful monitoring of the International Normalized Ratio (INR). The 

aimm is to keep the INR within a particular reference range. The recommended INR 

rangee is set depending on the clinical indication for VKA treatment. 

Nonetheless,, bleeding often occurs even when the INR is in the therapeutic range. In 

thesee instances patient characteristics may play a decisive role. Several studies have 

investigatedd these patient characteristics and they may include: older age, past 

gastrointestinal-bleeding,, treated hypertension, cerebrovascular disease, serious heart 

disease,, renal insufficiency, and malignancy (reviewed by Levine et al.99). 

Itt is also possible that specific deficiencies in processes important for normal 

homeostasiss of hemostasis are responsible for bleeding during VKA treatment. On the 

basiss of this we hypothesized that genetic- and/or acquired defects in the haemostatic 

system,, e.g. heterozygous deficiencies in procoagulant factors, increase the bleeding 

risk.. Likewise, an excess of anticoagulant activity may contribute to the risk of 

bleedingg during VKA treatment. Increased fibrinolytic activity is another obvious 

candidatee risk factor for bleeding during VKA treatment. Finally, damage and/or 

activationn of the endothelial layer lining the vasculature might be a possible reason for 

increasedd bleeding risk during VKA treatment. 

Thee INR is based on the prothrombin time which senses the VKA induced reduction 

inn the activity and concentration of the coagulation factors VII , X, and prothrombin. 

Thee levels or activities of other essential procoagulant proteins, like factors VIII , IX, XI 

andd von Willebrand factor (vWF) have no effect on the INR and genetic defects in 

thesee coagulation factors, are rather prevalent and may influence bleeding risk. For 

example,, 1% of the general population is carrier of a defective vWF gene. 108,109 

Clearr examples of mutations that confer susceptibility for bleeding during VKA 

treatmentt are Ala-10Val or Ala-10Thr replacements in the propeptide region of the 

factorr IX gene. Male patients with these mutations have normal factor IX activities 

withoutt VKA . Within one week of the start with VKA treatment the factor IX drops to 

61 1 



ChapterChapter 5 

levelss below 5%, which is not reflected in the INR and the patients may experience 

majorr bleeding complications. 16,17 

Otherr specific mutations in coagulation factors genes explaining bleeding during 

VK AA therapy have not been described. Indirect evidence to support the notion that 

bleedingg during VKA treatment is possibly explained by deficiencies in specific 

coagulationn factors, is provided in a study by Kadir et al.' 10 In this study a substantial 

proportionn of women with menorrhagia was found to have type I von Willebrand 

diseasee or factor XI deficiencies. 

Concerningg the excess function of the anticoagulant pathways as a bleeding risk, 

directt evidence is provided by a study of Jansson et al. '8 This study investigated the 

effectt of a major player in the anticoagulant protein C pathway, thrombomodulin, and 

foundd that higher levels of s-TM increased bleeding risk during VKA treatment. 

Directt evidence to support a role for increased fibrinolysis in risk of bleeding during 

VK AA treatment is lacking. However, Barnnstrom et al.11' showed that high tPA levels 

butt also high plasminogen activator inhibitor-1 (PAI-1) levels predicted all cause- and 

vascularr mortality in patients during VKA treatment. These markers have also been 

usedd as markers for endothelial function. 103,104 

AA matched case-control study was designed to further elucidate the role of 

irregularitiess in coagulation factors, in the protein C anticoagualant pathway, in 

fibrinolyti cc potential and in the function of the endothelium in patients that experienced 

aa bleeding complication during treatment with vitamin K antagonists. 

Methods s 

AA matched case-control study (FACTors in ORal anticoagulant Safety (FACTORS)) 

wass conducted at the Thrombosis Services of Amsterdam and Leiden, The Netherlands, 

whichh provide the management of VKA treatment for the larger Amsterdam and Leiden 

regions,, consisting of approximately 1.7 million inhabitants (in total approximately 

22,0000 patient-years each year). Details of the design of the FACTORS-study have 

beenn reported previously.' '2 

PatientsPatients and controls - Through a computerized search of the databases of the 

Thrombosiss Services, all patients with a bleeding complication during 1999, 2000 and 

20011 were identified. Living patients, with a major bleeding during VKA treatment, 
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weree asked to participate. Bleeding was defined as major if it was clinically overt and 

mett one of the following criteria: associated with a hemoglobin drop of > 2 g/dl, if it 

requiredd hospitalization, a blood transfusion of > 2 units, or if the bleeding was 

intracranial,, retroperitoneal, intramuscular, intra-articular, or intraocular. For each case 

betweenn one and four controls were selected from the same database based on 

indicationn for treatment (to ensure the same INR target range). Furthermore, controls 

weree matched for date of birth (within 10 years of the index case), gender, type of 

vitaminn K antagonist (acenocoumarol or phenprocoumon) and whether or not treatment 

withh VKA was stopped at the time of evaluation. 

CollectionCollection of the data - Patients, at least one year after the bleeding event, and 

controlss were visited at home by a genetic fieldworker. During this visit a questionnaire 

wass completed containing questions about the medical history. At the end of each visit 

citratedd blood was drawn from the antecubical vein. The blood was kept at 4°C and 

processedd within 2 hours of collection and stored at -80°C thereafter. 

CoagulationCoagulation assays - Activated partial thromboplastin time (aPTT), prothrombin 

timee (PT), and factor XI activity were determined according to standard methods on an 

automatedd coagulation analyzer (Behring Coagulation System, BCS) with reagents and 

protocolss provided by the manufacturer (Dade Behring, Marburg, Germany). Thrombin 

Generationn Time (TGT) was measured spectrophotometrically using the fibrin 

polymerizationn method. Thrombin generation was initiated by adding calcium ions and 

recombinantt tissue factor (5000x diluted prothrombin time concentration); results were 

expressedd as T Vi (time to reach the midpoint of clear to maximal turbid density). 

Prothrombinn fragment 1+2 (Fi+2) and D-dimer concentrations were determined by an 

Enzyme-Linkedd Immunosorbent Assay (ELISA) purchased from Dade Behring, 

Marburg,, Germany and Roche Diagnostics, Mannheim, Germany, respectively. Von 

Willebrandd factor antigen (vWFag) levels were also measured using ELISA (Dade 

Behring,, Marburg, Germany). The endogenous thrombin potential (i.e. the time integral 

off  thrombin generated in plasma in which coagulation is initiated via the extrinsic 

pathway)) was determined as described by Rosing et al.' ^ Results were expressed as % 

off  the ETP of a normal plasma pool. The activated protein C sensitivity ratio (APC-sr) 

wass determined by quantifying the effect of activated protein C on thrombin generation 

ass described by Rosing et al. '13 The data were normalized to a pooled plasma of 

normall  individuals of the same sex. E-selectin levels were assessed with an ELISA 
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(Diaclone,, Besancon, France) according to the instructions of the manufacturer. The 

lowerr limi t of detection was 1.0 ng/mL. 

IndividualIndividual coagulation deficiencies - After measuring the overall coagulation assays 

(PT,, aPTT and TGT), we identified among those individuals not using VKA at the 

momentt of plasma collection "outlier" cases as those with a value more than 2 times 

thee standard deviation higher than the mean of the controls. When patients were still 

usingg VKA , we assessed the relation between the aPTT and TGT with the PT by linear 

regressionn analysis. Cases with disproportionate prolongation of the coagulation times 

("outliers")) were identified as those with a result outside the upper 95% confidence 

intervall  (95% CI) of the linear regression. When an outlier aPTT or TGT was found we 

followedd up with the measurement of factors XII , VIII , IX, X, II , and of fibrinogen for 

thee aPTT, and factors VII , V, II , X and fibrinogen for the TGT. 

StatisticalStatistical analyses - All statistical analyses were done in a SPSS 11.0.1 statistical 

package.. The final dataset of the FACTORS-study consisted of two separate databases 

off  cases and matched controls (one from Leiden and one from Amsterdam). Only data 

fromm the combined set wil l be presented because no relevant differences were found 

betweenn the two datasets. All analyses were first done for the group of patients and 

matchedd controls taking into account whether or not VKA treatment was stopped. The 

combinedd results are presented when significant differences were not found. Overall 

differencess between cases and controls for the different coagulation measurements were 

investigatedd with mixed effect models to adjust for the matched pairs in the cohort. For 

thesee analyses, F,+2, D-dimer, and E-selectin values were log transformed because of 

thee skewed distribution of these parameters, and medians and interquartile (IQR) are 

presentedd in the text and tables. Finally, conditional logistic regression was used to 

comparee the interaction between the bleeding event and several coagulation 

measurements,, divided in quartiles, based on the distribution in the control cohort. Al l 

patientt characteristics univariately associated at a p < 0.10 with bleeding during VKA 

treatmentt were included in a multiple regression model. 

Results s 

OverallOverall inclusion - In total 110 patients with a major bleeding complication and 220 

matchedd controls were included. The groups of patients and controls were similar for 

alll  the variables listed in Table 1, except for the time of follow-up, which was shorter in 
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Cases s 

(N== 110) 

Controls s 
(NN = 220) 

Malee (%) 

Meann age in years (SD) 

Hypertensionn (%) 

Diabetess mellitus (%) 

Currentt alcohol user (%) 

Activee smoker (%) 

Activee cancer (%) 

Caucasiann (%) 

Acenocoumaroll  (%) 

Mediann follow up in years (interquartile range) 

Totall  follow-up (years) 

Indicationss for VKA treatment 

TargetTarget 2.5-3.5 

TargetTarget 3.0-4.0 

66(60) ) 

68(12) ) 

333 (30%) 

14(13%) ) 

56(51%) ) 

244 (22%) 

18(16%) ) 

1066 (96%o) 

622 (56%) 

3.11 (0 .9-7 .4) 

592 2 

1311 (60) 

69(11) ) 

777 (35%>) 

35(16%) ) 

944 (43%) 

411 (19%) 

24(11%) ) 

216(98%) ) 

138(63%) ) 

1.11 (0 .5-3 .4) 

635 5 

Atriall  fibrillation 

Venouss thromboembolism 

Postt operative 

Others s 

Totall  target 2.5-3.5 

Mechanicall  heartvalve 

Vascularr surgery 

Ischemicc heart disease 

Others s 

Totall  target 3.0-4.0 

277 (54 %) 

10(20%) ) 

6 (12%) ) 

6 (12%) ) 

50 0 

18(30%) ) 

16(27%) ) 

18(30%) ) 

88 (4%) 

60 0 

622 (61 %) 
200 (20 %) 
14(14%) ) 
66 (6 %) 

102 2 

399 (33%) 
288 (24%) 
322 (27%) 
19(17%) ) 

118 8 

Tablee 1: Overall characteristics of the cases (those who experienced a major bleeding) and controls 

thee controls (cases 3.1 years versus 1.1 years for the controls; p < 0.001) and the age 

(casess 68 years and controls 69 years; p = 0.01). Ninety individuals entered the study 

afterr discontinuation of VKA treatment (32 cases and 58 matched controls), and 140 

individualss were still using VKA therapy at the time of plasma collection (78 cases and 

1622 matched controls). 

CoagulationCoagulation tests in individual patients - The PT tended to be higher in controls than 

inn cases. Figure 1 shows the distribution of the PT for all cases and matched controls, 

eitherr still using VKA (cases 33.2  9.7 sec and controls 35.9  8.1 sec; p = 0.006), or 
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afterr stopping VKA (open circles: cases 12.0  0.97 sec and controls 12.4  0.78 sec; p 

== 0.012). Two cases that stopped VKA treatment had a PT more than two SD's above 

thee mean in the controls. One of these two patients had liver disease (individual 

coagulationn factors: factor VII : 75%; factor X: 83%; factor V: 53%; prothrombin: 94%; 

fibrinogenn 2.4 g/L) and the other patient had severe renal insufficiency and used 

antibioticss at the time of blood collection (individual coagulation factors: factor VII : 

65%;; factor X: 103%; factor V: 83%; prothrombin: 118%; fibrinogen 8.1 g/L). One 

casee was observed with a PT above the detection limi t during VKA treatment. This 

reflectss an effect of VKA treatment and therefore no individual coagulation factors 

weree determined. 

Thee distribution of the aPTT was the same in cases and controls and is depicted in 

Figuree 2, either after cessation of VKA 35  3.9 sec. and 35  4.6 sec respectively; NS), 

orr still using VKA (cases 62  13.4 sec and controls 64  14.4 sec; NS). 

Usingg linear regression we found one "outlier" case with a disproportionate prolonged 

aPTT.. Measuring the different coagulation factors for this particular case resulted in the 

followingg results: factor XII : 45%; factor XI 70%; factor IX: 55%; factor X: 22%; 

factorr II : 31%; and fibrinogen 7.1 g/L (INR: 3.3). These values are consistent with 

Figuree 1: Distribution of the PT in cases and controls for: individuals not using vitamin K 

antagonistss treatment at the time of blood collection (open circles), and individuals using vitamin 

K.. antagonists treatment at the time of blood collection (closed circles) 
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VKAA treatment, except for the factor XII level of 45% where a level around 100% 

wouldd be the norm. 

Figuree 3 illustrates the distribution of the TGT for cases and matched controls, either 

afterr cessation of VKA (cases 111  16 sec and controls 120  16 sec; p = 0.013), or 

stilll  using VKA (cases 247  75 sec and controls 284  74 sec; p < 0.0001). One case, 

afterr cessation of VKA treatment, showed a TGT more than 2 SD's above the mean in 

controlss (individual coagulation factors: factor VII : 100%; factor X: 141%; factor V: 

129%;; prothrombin: 142%; fibrinogen 7.3 g/L). These values are within the norm and 

doo not provide an explanation for this prolonged TGT. Use of the linear regression 

approachh resulted in two "outlier" cases in the group on VKA treatment with a 

disproportionall  prolonged TGT. Measuring the individual coagulation factors yielded 

factorr VII 25%, factor X 19%, factor V 76%, prothrombin 33%, fibrinogen 4.9 g/L 

(INR:: 3.3), for the first individual. The coagulation factor levels of the other individual 

were:: factor VII 18%, factor X 16%, factor V, 105%, prothrombin 29%, fibrinogen 6.4 

g/11 (INR: 4.2) These coagulation levels were a reflection of the treatment with VKA 

NS S 

\\ s 

1200 -i 

Figuree 2: Distribution of the aPTT for the cases and controls, not using vitamin K. antagonist 

treatmentt at the time of blood collection (open circles), and using vitamin K. antagonist treatment 

att the time of blood collection (closed circles) 
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therapyy and no disproportionate low levels were observed. 

OtherOther coagulation parameters as possible predictors of bleeding during VKA 

treatmenttreatment - The distribution of F]+ 2 in individuals either not using VKA (median cases 

1.111 nmol/L (IQR 0.90-1.49) and controls 1.40 nmol/L (IQR 1.03-1.68); p = 0.06), or 

stilll  using VKA (median cases 0.27 nmol/L (IQR 0.21-0.42) and controls 0.33 nmol/L 

(IQRR 0.25-0.45); p = 0.14), is shown in Figure 4. Table 2 depicts the OR's for the 

differentt quartiles of F, )2, especially in the patients during VKA treatment the numbers 

indicatee that the F1+2 levels are higher in the controls (highest versus lowest quartile 

0.40,, 95% CI: 0.17-0.94), indicating a protective effect. 

Figuree 5 shows the distribution of the vWF antigen levels of all cases and matched 

controls,, either still using VKA therapy (cases % and controls ; p = 

0.10)),, or after stopping VKA treatment (open circles: mean cases: % and 

meann controls: 5 sec; p = 0.005). Continued VKA treatment had no significant 

effectt on the vWF antigen levels (mean level of the 90 individuals that stopped VKA 

1544  6.1% versus 162  3.5% for the 239 individuals that were still on VKA ; p=0.95). 

P>0.0001 1 

l»=0.00 1 3 

6000 -

Figuree 3: Distribution of the Thrombin Generation Time for the cases and controls, not using 

vitaminn K antagonist treatment at the time of blood collection (open circles), and using vitamin K. 

antagonistt treatment at the time of blood collection (closed circles) 
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Concentrationn of parameter 

Overalll  coagulation 

F,.22 (without VKA ) 

<< 1.04nmol/L 

1.04-- 1.39nmol/L 

1.40-- 1.67nmol/L 

>> 1.67 nmol/L 

Fi+22 (during VKA ) 

<< 0.26 nmol/L 

0.266 - 0.33 nmol/L 

0.344 - 0.44 nmol/L 

>> 0.45 nmol/L 

Fibrinolyticc activity 

D-dimerr (without VKA ) 

<< 499 ng/ml 

4999 - 747 ng/ml 

748-10477 ng/ml 

>> 1047 ng/ml 

D-dimerr (during VKA ) 

<< 235 ng/ml 

2 3 5 - 3 577 ng/ml 

3 5 8 - 6 166 ng/ml 

>6177 ng/ml 

Endotheliall  function 

vWFF antigen (%) (combined) 

<< 118 

118-- 148 

1 4 9-- 185 

>> 185 

E-selectinn (ng/mL) (combined) 

<< 21.0 

21.0-32.0 0 

32.1-43.9 9 

>> 43.91 

Tablee II : OR for the different 

Cases s 

NN = 32 

13 3 

10 0 

5 5 

4 4 

NN = 78 

33 3 

18 8 

14 4 

13 3 

NN = 32 

10 0 

6 6 

2 2 

14 4 

NN = 78 

15 5 

16 6 

23 3 

24 4 

NN = 110 

21 1 

20 0 

28 8 

41 1 

N == 110 

18 8 

27 7 

28 8 

37 7 

Controls s 

NN = 58 

15 5 

14 4 

15 5 

14 4 

N == 161 

42 2 

40 0 

39 9 

41 1 

NN = 58 

14 4 

15 5 

15 5 

14 4 

N == 161 

40 0 

41 1 

40 0 

40 0 

NN = 219 

57 7 

53 3 

55 5 

54 4 

NN = 219 

55 5 

55 5 

55 5 

54 4 

coagulationn parameters. 
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OR(95%CI) ) 

1 1 

0.99 (0.3-2.9) 

0.2(0.0-1.2) ) 

0.3(0.1-1.3) ) 

1 1 

0.6(0.3-1.3) ) 

0.5(0.2-1.0) ) 

0.4(0.2-0.9) ) 

1 1 

0.7(0.1-3.0) ) 

0.3(0.0-1.6) ) 

1.6(0.3-7.9) ) 

1 1 

1.0(0.4-2.4) ) 

1.9(0.8-4.5) ) 

2.11 (0.8-5.2) 

1 1 

1.2(0.5-2.9) ) 

1.7(0.8-3.8) ) 

2.7(1.3-5.8) ) 

1 1 

1.3(0.6-2.8) ) 

1.6(0.8-3.3) ) 

2.11 (1.1-4.2) 

studystudy & coagulation 

ORadjj (95% CI) 

1 1 

0.8(0.13-5.0) ) 

0.044 (0.0-0.9) 

0.11 (0.0-2.7) 

1 1 

0.5(0.2-1.2) ) 

0.7(0.3-1.6) ) 

0.5(0.2-1.3) ) 

1 1 

0.11 (0.0-1.9) 

0.11 (0.0-1.1) 

0.5(0.0-8.1) ) 

1 1 

1.3(0.5-3.8) ) 

2.55 (0.9-6.9) 

3.5(1.1-10.7) ) 

1 1 

0.9(0.3-2.3) ) 

1.2(0.5-3.0) ) 

2.22 (0.9-5.4) 

1 1 

1.8(0.8-4.4) ) 

2.11 (0.9-4.8) 

2.3(1.0-5.1) ) 
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Figuree 4: Distribution of the prothrombin fragment 1+2 for the cases and controls, not using 

vitaminn K antagonist treatment at the time of blood collection (open circles); and using vitamin K 

antagonistt treatment at the time of blood collection (closed circles) 
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Figuree 5: Distribution of the von Willebrand Factor antigen levels for the cases and controls, not 

usingg vitamin K. antagonist treatment at the time of blood collection (open circles); and using 

vitaminn K antagonist treatment at the time of blood collection (closed circles). 
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Therefore,, these two groups were combined for further analysis. In Table II the 

correspondingg OR's for the risk of bleeding for the different quartiles of vWF 

antigenn are listed. A clear dose response was observed with the highest OR observed 

forr the highest versus the lowest quartile (OR 2.67, 95% CI: 1.25-5.80). Adjustment 

forr the variables univariately associated at a p < 0.1 with bleeding: age, duration of 

follow-up,, smoking and history of cancer resulted in an ORa(ij of 2.19 (95% CI: 0.89-

5.40). . 

Finally,, the mean factor XI levels for individuals not using VKA treatment were 

%% for the cases and % for the controls (p = 0.85). The corresponding 

figuress for the individuals still using VKA therapy were: mean cases % and 

%% for the controls (p = 0.82) (data not shown). 

OverallOverall fibrinolytic activity - This was evaluated by measuring D-dimer levels. The 

distributionn of these levels is depicted in Figure 6, for individuals either still using OAT 

(mediann cases 429 ng/mL (IQR 257-704) and controls 357 ng/mL (IQR 235-617); 

p=0.04),, or after stopping OAT (open circles: median cases 760 ng/mL (IQR 484-1754) 

andd controls 747 ng/mL (IQR 498-1048); p = 0.20)). Again in Table II the 

Figuree 6: Distribution of D-dimer levels for the cases and controls, not using vitamin K 

antagonistt treatment at the time of blood collection (open circles); and using vitamin K 

antagonistt treatment at the time of blood collection (closed circles) 
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correspondingg OR's for the risk of bleeding for the different quartiles of D-dimer levels 

aree listed. A clear dose response was observed in the patients still treated with VKA 

treatment,, with the highest OR for the highest versus the lowest quartile of D-dimer 

(2.1,, 95% CI: 0.8-5.2). Adjusting for age, duration of follow-up, smoking and history of 

cancerr resulted in a significant ORadj of 3.5 (95% CI: 1.1-10.7). 

FunctionFunction of activated protein C anticoagulant pathway-The APC-sr was not 

differentt between cases and controls that stopped treatment with VKA (mean cases 

0.911 2 and mean controls 0 sec; p = 0.45) (data not shown). The APC-sr 

wass only determined in samples from patients after cessation of VKA therapy, because 

thiss test does not yield meaningful results during VKA treatment, distribution of these 

levelss is depicted in Figure 6, for individuals either still using VKA (median cases 429 

ng/mLL (IQR 257-704) and controls 357 ng/mL (IQR 235-617); p - 0.04), or after 

stoppingg VKA (open circles: median cases 760 ng/mL (IQR 484-1754) and controls 

7477 ng/mL (IQR 498-1048); p = 0.20). 

Activation/inflammationActivation/inflammation of the endothelium - The distribution of E-selectin, in 

individualss either not using VKA (median cases 35 ng/mL (IQR 23.7-49.8) and 

controlss 31 ng/mL (IQR 20.9-44.6); p = 0.55), or those still using VKA (closed circles: 

mediann cases 38 ng/mL (IQR 25.5-49.9) and controls 32 ng/mL (IQR 20.9-43.9); p -

0.13),, is shown in Figure 7. Continued VKA therapy had no significant effect on the E-

selectinn levels (median level after cessation of VKA therapy: 31.3 ng/ml (IQR 22.8-

46.4)) versus 33.2 ng/ml (IQR 22.1-45.6) for those still using VKA ; p = 0.76). 

Therefore,, data from both groups were combined for further analysis. In Table II the 

correspondingg OR's for the risk of bleeding for the different quartiles of E-selectin are 

listed.. A clear dose response is observed, with the highest OR for the highest versus the 

lowestt quartile of E-selectin (2.11, 95% CI: 1.05-4.24). Adjusting for age, duration of 

follow-up,, smoking and history of cancer resulted in an ORadj of 2.28 (95% CI: 1.02-

5.11). . 

Discussion n 

Thee prior hypothesis of this study was that we would find multiple instances of mild 

coagulationn factor deficiencies in cases with bleeding under VKA treatment. The 

resultss provide several arguments to negate this hypothesis. The first argument 
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P = 0 . 13 3 

P = 0 . 55 5 

2 0 00 -

Figuree 7: Distribution of E-selectin levels for the cases and controls, not using vitamin K. 

antagonistt treatment at the time of blood collection (open circles); and using vitamin K antagonist 

treatmentt at the time of blood collection (closed circles). 

stemss from the PT results. Contra intuitively, the PT in cases tended to be lower than in 

controls.. This indicates that cases, at least at the time of blood sampling, have better 

coagulationn capacity than controls and do not show potential abnormalities in factors II , 

VII ,, V, X and fibrinogen. Also an analysis aimed at finding outliers did not indicate the 

presencee of mild deficiencies. 

Thee second argument is given by the aPTT results. This global test is sensitive to the 

levelss of factors XII , XI , IX, VIII , X, V, II , and fibrinogen and the results do not give 

reasonn to suspect that mild factor deficiencies are present in either cases or controls. 

Thee one exception may be the relatively low factor XII level that we found in a single 

case.. This may indicate that factor XII deficiency is a, albeit rare, risk factor for 

bleedingg during VKA treatment, but clearly much larger studies wil l be needed to test 

suchh a hypothesis. On the other hand this is an unlikely hypothesis because mutations 

inn FXII lowering FXII activity were found to be associated with 5-fold increased risk of 

venouss thrombosis.' 14 
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Thee results obtained with the TGT were also negative. In accordance with the PT 

results,, the TGT tended to be higher in cases than in controls, indicating that the 

coagulationn capacity, in terms of the amount of thrombin that is generated, in cases 

exceedss that in controls. 

Interestingly,, the F) f 2 levels were higher in the controls as compared to the cases, 

indicatingg a protective effect. The explanation for the discrepancy between F].2 levels 

andd the overall coagulation assays is not obvious, but there appears to be an, in vivo, 

overalll  better coagulation profile in the controls, not reflected by the overall 

coagulationn assays (PT and APTT). 

Overalll  we conclude that the global coagulation tests PT, aPTT, and TGT have not 

yieldedd new insights in the understanding of the risk of bleeding during VKA 

treatment,, especially no specific deficiencies were identified in the cases. 

Thee other assays that we performed provided two clues to better understanding 

bleedingg risk. The first clue is a possibly higher fibrinolytic activity in the cases during 

VK AA treatment, as is indicated by the higher D-dimer levels. These high D-dimer 

levelss do not appear to be a reflection of higher coagulation activity, since the F|.2 

levelss were higher in the controls and not in the cases. Therefore, these higher D-dimer 

levelss might indeed be a reflection of a higher fibrinolytic activity in the cases rather 

thann excess in coagulation, and moreover D-dimer levels are a known marker of 

fibrinolysis. . 

Wee hypothesize that the cases experiencing a bleeding complication have an overall 

imbalancee between fibrinolysis and coagulation and therefore have a higher bleeding 

risk.. Of interest is the fact that this higher fibrinolytic capacity was mainly found in the 

individualss still using VKA therapy. 

Thee second clue is offered by the vWF and E-selectin findings. The vWF data 

indicatedd a clear dose response relationship between the levels of vWFag and bleeding 

riskk (OR in the highest quartile 2.67, 95% CI: 1.25-5.80). We measured the vWF 

antigenn levels for two reasons, firstly as a measure of heterozygosity for vWF 

deficiencyy and secondly as a measure of endothelial function or damage. We did not 

findd evidence for the presence of deficiency states in cases or controls. Therefore, we 

proposee that the increased vWF levels reflect a role for activation/inflammation of the 

endotheliumm in the pathophysiology of bleeding during VKA treatment. In order to find 

supportt for this hypothesis we also evaluated E-selectin, a well-established 

inflammatoryy marker derived from endothelial cells, levels in cases and controls. We 
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indeedd observed a clear dose-response relationship between level and bleeding risk for 

thiss marker. 

Finall  support for the notion that activated or inflamed endothelium may be involved 

stemss from previous studies. Jansson et al, and also our group, found higher levels of s-

TMM in patients experiencing a bleeding complication during VKA treatment.' ° ' ' 12 

Highh s-TM levels reflect endothelial damage as well, as has been described in for 

examplee sepsis.' °3 ancj this damage is indicative of a poor state of the vasculature in 

general,, as has been described in for example diabetes mellitus.104 In addition the 

highh levels of endothelial markers may facilitate additional pathways. For example, s-

TMM levels may facilitate the anticoagulant action of activated protein C at the site of 

vascularr injury. 11 5 that would reinforce the poor procoagulant state that results from 

VK AA treatment, and thus increases bleeding risk. Further studies that evaluate the 

statuss of the endothelium and the activity of the natural anticoagulants are needed to 

resolvee these issues. 

Finally,, one should take into account that the high vWFag levels may also reflect a 

higherr coagulation capacity in the cases as compared to the controls, we found this 

associationn also for the overall coagulation times (PT and TGT), which were shorter in 

thee cases as well, but not for F1+2 levels, which were higher in the controls. So these 

higherr vWFag levels might really be a reflection of endothelial damage. 

Ann important limitation of the study is that because of the retrospective design it 

remainss possible that the bleeding event itself resulted in higher levels of endothelial 

markerss like, vWF antigen, s-TM levels and E-selectin. However, the prospective study 

byy Jansson found similar risks for individuals experiencing a bleeding event during 

VKAA treatment for s-TM. 18 

AA few blind spots remain after the coagulation tests we performed. For example 

alpha2-antiplasmin,, factor XII I and thrombin activatable fibrinolysis inhibitor were not 

evaluated.. We decided not to measure these factors because genetic deficiencies are 

veryy rare and the yield was expected to be rather low. 

Inn conclusion, on the basis of this matched case-control study we propose that 

increasedd fibrinolysis and endothelial activation are potential risk indicators for 

bleedingg during VKA treatment. Genetic or acquired deficiencies in coagulations 

factorss do not seem to play a role in determining bleeding risk in patients on VKA 

treatment. . 
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Abstract t 

Cytochromee P-450 2C9 (CYP2C9) metabolizes the vitamin K antagonists, 

acenocoumaroll  and phenprocoumon. Several studies indicated that carriers of CYP2C9 

alleless Argl44Cys and Ile359Leu may require a lower maintenance dose in order to 

achievee the target INR, may have an increased risk of bleeding, and the time spent in 

thee target range for the International Normalized Ratio may be lower. We studied this 

inn a matched case-control study of 110 severe bleeders and 220 non-bleeders who were 

selectedd from the databases of two Thrombosis Services. Combining all individuals 

usingg acenocoumarol the mean ) percentages time spent in the target range were 

%% for the Ile359Leu carriers as compared to % for non-carriers (p = 

0.04).. No effect of the genotype was observed on the time spent in the target range for 

thee phenprocoumon users. The mean pooled daily dose of acenocoumarol and 

phenprocoumonn was highest in wild type individuals 8 mg/day versus 2.1 3 

mg/dayy in the Ile359Leu carriers; p = 0.003). Results of a multivariate model adjusting 

forr age, duration of treatment, history of cancer and smoking showed an overall OR for 

bleedingg during treatment with vitamin K antagonists of 0.9 (95% CI: 0.4-1.9). In 

conclusion,, patients carrying the Ile359Leu polymorphism require a lower maintenance 

dosee of vitamin K antagonists to reach the target INR, and a significantly lower 

therapeuticc quality of treatment in the acenocoumarol group was observed for these 

individuals.. However, carriership of these polymorphisms does not influence the 

bleedingg risk. 

Introductio n n 

Vitaminn K antagonists (VKA ) like warfarin, acenocoumarol and phenprocoumon are 

usedd for the prevention and treatment of venous and arterial thromboembolism.̂ 

Bleedingg is an important complication of VKA treatment. Major risk factors of VKA 

associatedd bleeding are intensity of treatment (expressed as INR) and several patient 

characteristicss like age, past gastrointestinal bleeding, hypertension and malignancy.99 

Thee required dose of VKA is variable, in particular between individuals but also 

withinn one individual, and depends e.g. on dietary intake, variations in 

pharmacokineticss and -dynamics. 8 The pharmacokinetic variations may, at least in 
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part,, be caused by genetic markers in cytochrome P-450 2C9 (CYP2C9), the principal 

enzymee of VKA metabolism. 116-118 

Acenocoumaroll  and phenprocoumon, like warfarin, are administered as racemate 

mixturess of (R)- and (S)-acenocoumarol or -phenprocoumon. The pharmacologically 

activee (R)-form is solely metabolized by CYP2C9, whereas the (S)-form is also broken 

downbyCYP2C19.H88 Two variants of CYP2C9 are known, CYP2C9*2 

(Arg l44Cys) l| 9, l 200 and CYP2C9*3 (Ile359Leu),121 with reduced activity of the 

enzyme.. 122,123 j n e two polymorphisms have been associated with an increase in 

sensitivityy to warfarin, 124,125 anci  an increased bleeding risk in carriers of these 

polymorphismss has been suggested. 124,126 x n e dose of acenocoumarol needed to 

maintainn a target INR was mainly influenced by CYP2C9*3 and not CYP2C9*2.126 

Thee influence of the variants of CYP2C9 on the mean daily dose of phenprocoumon 

hass not been studied before. 

Inn a case-control study, designed to discover risk factors for bleeding during VKA 

treatment,, we analyzed whether CYP2C9*2 and CYP2C9*3 influence the maintenance 

dose,, quality of treatment, in terms of time spent in the therapeutic INR range, and 

bleedingg risk of patients treated with the vitamin K antagonists, acenocoumarol or 

phenprocoumon. . 

Methods s 

AA case-control study, FACTors in ORal anticoagulant Safety (FACTORS), was 

conductedd at the Thrombosis Services of Amsterdam and Leiden, The Netherlands, 

whichh provide the management of VKA treatment for the larger Amsterdam and Leiden 

regions,, consisting of approximately 1.7 million inhabitants (in total approximately 

22,0000 patient-years each year). Details of the design of the FACTORS-study wil l be 

reportedd separately.' 12 

PatientsPatients - Through a computerized search of the databases of the Thrombosis 

Services,, all patients with a bleeding complication during 1999, 2000 and 2001 were 

identified.. Living patients, with a major bleeding during VKA treatment, were asked to 

participate.. Bleeding was defined as major if it was clinically overt and met one of the 

followingg criteria: associated with a hemoglobin drop of > 2 g/dl, if it required 
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hospitalization,, a blood transfusion of > 2 units, or if the bleeding was intracranial, 

retroperitoneal,, intramuscular, intra-articular, or intraocular. For each case between one 

andd four controls were selected from the same database based on indication for 

treatmentt (to ensure the same INR target range). Furthermore, controls were matched 

forr date of birth (within 10 years of the index case), gender, type of vitamin K 

antagonistt (acenocoumarol or phenprocoumon) used, and whether or not treatment with 

VKA .. was stopped at the time of evaluation. 

CollectionCollection of the data - Patients and controls were visited at home by a genetic 

fieldworker.. During this visit a questionnaire was completed containing questions 

aboutt the medical history and blood was collected for isolation of DNA. 

GenotypingGenotyping - Genotyping for both allelic variants was performed by polymerase 

chainn reaction and subsequent restriction enzyme digestion with Avail in the case of 

CYP2C9*22 (Argl44Cys) and Nsil in the case of CYP2C9*3 (Ile359Leu) as previously 

described.!!  21 

CalculationCalculation of mean daily dose - Mean daily dose for the cases was calculated by 

dividingg the sum of all daily doses, obtained from the database of the Thrombosis 

Services,, by the number of treatment days (the date of bleeding minus the date of start 

off  treatment). For the controls we used the day of the visit by the genetic fieldworker as 

thee last day of observation or an earlier date when the treatment was stopped before this 

visit. . 

TherapeuticTherapeutic quality assessment - Two target ranges are used in both Thrombosis 

Servicess in agreement with the consensus of the Dutch Federation of Thrombosis 

Services:: the INR target range between 2.5-3.5 for atrial fibrillation and primary 

preventionn and treatment of venous thromboembolism, and the INR target range 

betweenn 3.0-4.0 for arterial indications, like mechanical heart valve prostheses and 

ischemicc heart disease. INR values were recorded between the start of treatment and the 

occurrencee of the bleeding complication for the cases, or until the cessation of 

treatmentt or day of inclusion in the study for the controls. If the treatment period was 

interruptedd for any hospital admission only the INR values after the last hospital 

dischargee were taken into account. 

Thee quality of treatment with VKA was expressed as the percentage of time spent in 

thee therapeutic range and was calculated using linear interpolation as previously 

described.'27,1288 Because it was conceivable that the quality of treatment was 
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differentt for the two compounds, 129 trie results of the analyses are presented for 

acenocoumaroll  and phenprocoumon, separately. To avoid too small subsets of 

individualss for the various genotypes, the outcomes of the analyses of the therapeutic 

qualityy control in the two INR target ranges were pooled. 

StatisticalStatistical analysis - The final dataset consisted of two separated databases of cases 

andd matched controls (one from Leiden and one from Amsterdam). Since no 

differencess were observed between the two databases, all analyses were performed on 

thee pooled databases. Analyzes were performed for acenocoumarol and 

phenprocoumonn separately and combined. The relationship between the occurrence of a 

bleedingg event and baseline variables was explored by means of univariate conditional 

logisticc regression to take the matching between cases and controls in account. 

Subsequently,, all factors univariately associated at a p < 0.10 were included in a 

multivariatee model. Finally, differences in mean daily doses and mean percentages of 

timee spent in the target ranges between different genotypes were analyzed using a 

mixedd effect model to adjust for the matched pairs in the cohort. 

Results s 

Thee characteristics of the 110 cases and 220 controls included in the study and the 

indicationss for treatment are listed in Table I. Except for the median duration of 

treatmentt (cases 3.1 years and 1.1 years for the controls; p < 0.001)) and the age (cases 

688 years and controls 69 years; p = 0.01)) the groups were similar for the listed 

variables. . 

Tablee II lists the results of the therapeutic quality assessment for the three most 

commonn CYP2C9 genotypes. The mean (  SEM) percentage of time spent within the 

targett range for the 133 individuals carrying the most common genotype (*1/*1-*1/*1 ) 

inn the acenocoumarol group was 48  1.6% versus 56  2.0% in the 83 patients in the 

phenprocoumonn group. For individuals carrying the second most common genotype 

(*l/*2-*l/*l )) the percentages of time spent in the target range were 44  3.3% for the 

acenocoumaroll  users (p = 0.55 compared to wild type) and 55  4.8% for the 

phenprocoumonn group (p = 0.54 as compared to wild type). For the third most common 

genotypee (*l/*l-*l/*3 ) the percentages time spent in the target range were 33  4.4% 

(pp = 0.04 as compared to wild type) and 61  5.6% (p = 0.53 as compared to wild type), 

respectively.. Because too few individuals for the other observed genotype 
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Malee (%) 

Meann age in years (  SD) 

Hypertensionn (%) 

Diabetess mellitus (%) 

Smokingg (%) 

Historyy of cancer (%) 

Caucasiann (%) 

Acenocoumaroii  (%) 

Mediann follow up in years 

Totall  follow-up (years) 

(interquartilee range) 

IndicationsIndications for oral anticoagulant treatment 

TargetTarget INR range 2.5-3.5 

TargetTarget INR range 3.0-4.0 

Atriall  fibrillation 

Venouss thromboembolism 

Postt operative prophylaxis 

Total l 

Others s 

targett 2.5-3.5 

Mechanicall  heart valve 

Vascularr surgery 

Ischemic c 

Total l 

heartt disease 

Others s 

targett 3.0-4.0 

Cases s 

(NN = 110) 

666 (60%) 

68  12 

333 (30%) 

14(13%) ) 

211 (19%) 

18(16%) ) 

106(96%) ) 

622 (56%) 

3.11 (0 .9-7.4) 

592 2 

288 (56 %) 

10(20%) ) 

6 (12%) ) 

6 (12%) ) 

50 0 

18(30%) ) 

16(27%) ) 

18(30%) ) 

8 (13%) ) 

60 0 

Controls s 

(NN = 220) 

1311 (60%) 

699  1! 

777 (35%) 

35(16%) ) 

35(16%) ) 

24(11%) ) 

216(98%) ) 

138(63%) ) 

1.11 (0 .5-3 .4) 

635 5 

62(611 %) 

200 (20 %) 

14(14%) ) 

66 (6 %) 

102 2 

399 (33 %) 

288 (24 %) 

322 (27 %) 

19(16%) ) 

118 8 

Tablee 1: Baseline characteristics and indications for anticoagulant treatment of the patients and 
controls s 

combinationss were available for accurate estimates, the differences for the percentages 

off  time spent in the target range were not statistically tested. 

Becausee the CYP2C9*3 variant appeared to have the greatest impact on the quality 

off  treatment, we combined all *3 carriers using acenocoumaroi and in this instance the 

percentagess time spent in the target range were 33  3.9% for the carriers versus 47

1.5%% for non-carriers (p = 0.007). For the users of phenprocoumon these figures were 

nott different between carriers and non-carriers (63  5.3% versus 56  1.8%, 

respectively;; p = 0.53). Interestingly, the CYP2C9*3 carriers using acenocoumaroi 

weree more often below the target range (48  5.0%) rather than above the target range 

(255 . 
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Sincee high INR values are a major determinant of bleeding we also evaluated 

whetherr individuals experiencing a bleeding complication were significantly more 

abovee the target range than controls. However, this appeared not to be the case. The 

bleederss spent 20  1.4% of the time above the target range versus 18  1.0% for the 

matchedd controls (p = 0.34). The percentages of time spent below and in the target 

rangee were comparable for both groups (data not shown). Finally, irrespective of the 

CYP2C99 genotype, individuals using acenocoumarol spent 45  1.4% in the target 

rangee and for those using phenprocoumon this percentage was 57  1.8% (p < 0.0001). 

Tablee III outlines the six observed different CYP2C9 genotype combinations. The 

*1/*1-*1/* 11 combination was associated with the highest mean (  SEM) dose of VKA 

(2.77  0.08 mg/day). The mean daily dose of the 133 individuals with this genotype on 

acenocoumaroll  was 2.7  0.10 mg/day, which is the same as the mean daily dose of the 

833 individuals on phenprocoumon (2.7 3 mg/day). Slightly lower, although not 

statisticallyy significant, mean daily dosages were observed in the second genotype 

combinationn (*l/*2-*l/*l ) in particular in the phenprocoumon group. Significantly less 

acenocoumaroll  and phenprocoumon was needed by subjects carrying the (*1/*  l-*l/*3 ) 

genotype:: 2.1  0.21 and 2.1  0.16 mg/day respectively (combined data 2.1  0.13 

mg/day;; p = 0.007, as compared to wild type). In patients carrying the other genotype 

combinationss even lower mean daily doses were found as shown in Table III . These 

dataa suggest that the CYP2C9*3 has the strongest impact on VKA requirement. In a 

head-onn comparison of *3 carriers versus *3 non-carries the daily doses are 2.0 3 

andd 2.6  0.07 mg/day respectively (p = 0.001). 

Ass noted above CYP2C9*3 carriers using acenocoumarol spent 48% of the time 

beloww the target range. This may in part explain the lower doses that we observed in 

thesee carriers. To further substantiate this, we also calculated for only those individuals 

thatt had spent more than 50% in the target range the mean dose needed to maintain the 

targett range. 

Onlyy 5 individuals carrying the *3 polymorphism and 83 non-carriers are available for 

thiss sub-analysis and the mean daily doses were the same (2.6  0.51 mg/day for 

carrierss versus 2.6 2 mg/day for non-carriers) but the variation in the doses used 

byy the carriers was wide. The equivalent figures for the individuals using 

phenprocoumonn werel 1 carriers and 71 non-carriers with mean daily doses of 0.76

0.233 mg/day and 2.6 4 mg/day (p = 0.03), respectively, which confirm a lower 
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dosee requirement in CYP2C9*3 carriers. With respect to overall bleeding risk, 

comparingg *3 carries with non-carriers resulted in an odds ratio of 0.7 (95% CI: 0.3-

1.4).. For acenocoumarol or phenprocoumon users separately, the figures were 

respectivelyy 0.7 (95% CI 0.3-1.8) and 0.7 (95% CI 0.3-2.0). In a multivariate model 

adjustingg for age, duration of treatment, history of cancer and smoking resulted in an 

overalll  OR of 0.9 (95% CI 0.4-1.9), indicating that the genotype had no significant 

effectt on bleeding risk. When comparing *2 carries with non-carriers with respect to 

bleedingg risk, for acenocoumarol and phenprocoumon users combined, we found an 

ORR of 1.2 (95%o CI 0.7-2.1) in an univariate model and 1.0 (95% CI 0.5-2.1) in a 

multivariatee model, adjusting for age, duration of treatment, smoking and a history 

off  cancer. 

Discussion n 

Inn this study we observed different effects of two common polymorphisms, 

CYP2C9*22 (Argl44Cys) and CYP2C9*3 (Ile359Leu), in the principal enzyme 

responsiblee for the catabolism of the vitamin K antagonists, acenocoumarol and 

phenprocoumon.. Firstly, we found an effect on the stability of the INR during 

treatmentt that differed between the two compounds. Particularly, treatment with 

acenocoumaroll  was susceptible to the CYP2C9*3 variant. Of interest is the fact that 

INR'ss below the target range were rather prevalent. The explanation for this 

Acenocoumaroll  Phenprocoumon 
CYP2C9*2 2 

Genotype e 

* ]]  l*\ 

* II  / *2 

*11 / * 1 

*11 1*2 
*-}*-}  j * - ) 

*11 / * 1 

CYP2C9*3 3 

Genotype e 

*11 l*\ 

*11 / * 1 

**  1 / *3 

*11 / * 3 

*11 / * 1 

* 3 / * 3 3 

N N 

133 3 

41 1 

18 8 

4 4 

NA A 

1 1 

Mean(%)(SEM) ) 

48(1.6) ) 

444 (3.3) 

333 (4.4)* 

40(8.1) ) 

NA A 

6.2 2 

N N 

83 3 

24 4 

18 8 

1 1 

2 2 

1 1 

Meann (%) 

(SEM) ) 

56(2.0) ) 

55(4.8) ) 

611 (5.6) 

95 5 

533 (9.4) 

55 5 

Tablee 2: CYP2C9 genotype and mean (+SEM) time spent in the target range for acenocoumarol 

andd phenprocoumon 

**  ) p = 0.04 as compared to wild type; NA ) Not applicable 
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observationn remains unclear. It may be that the physicians that are responsible for the 

dosingg of unstable patients tend to be conservative with respect to the dosage. The 

tendencyy towards lower INR than intended might also explain why we did not observe 

ann increased risk for bleeding in the poor metabolizers. 

Secondly,, we observed a marked effect on the dose used. For both acenocoumarol 

andd phenprocoumon, we found that the dose was lowest for the CYP2C9*3 variant. 

Whenn only analyzing individuals with a time spent in the target range above 50% the 

effectt remained for phenprocoumon. This is the first time the association between the 

dosee needed to maintain the INR within the target range and especially the CYP2C9*3 

polymorphismm is reported for phenprocoumon. 

Thee results for the association between the mean daily dose of acenocoumarol and 

CYP2C9*33 are less certain. The uncertainty arises because in a sub-analysis that 

includess only those patients who spent more than 50% of their time in the target range, 

thee mean daily doses used were the same for the carriers and the other individuals. One 

shouldd note, however, that only 5 carriers remained in this sub-analysis, which strongly 

increasess the chance of a type II error. A previous study examining this interaction 

showedd a clear dose dependency of acenocoumarol for the CYP2C9*3 carriers.!26 The 

mostt likely explanation for the discrepancy between this study and our study is the fact 

thatt the selection of the patients was based on a difference in inclusion criteria. 

Hermidaa et al included patients that used a stable dose and a stable INR between 2.0 

andd 3.2 over a three months period before inclusion in the study. We included patients 

withh a major bleeding complication and matched controls irrespective of the dose used 

orr stability of the INR 3 months prior to inclusion. 

Althoughh our study was not designed to compare acenocoumarol and 

phenprocoumon,, we found that the stability of treatment tended to be better (higher 

percentagee in the target range) for phenprocoumon as compared to acenocoumarol. 

Thiss is in agreement with previous work. 129,130 

Ourr data, therefore, indicate that the different polymorphisms have differential 

effectss on the quality of treatment for acenocoumarol and phenprocoumon. This might 

bee caused by the much shorter half-life of acenocoumarol (11 hours) as compared to 

phenprocoumonn (140 hours). Influences of diet and co-medication are possibly more 

pronouncedd on the stability of treatment when a compound with a short half-life is 

used. . 
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Thirdly,, the data indicate that the bleeding risk is not influenced by the CYP2C9 

genotype.. These findings contrast with previous claims on the relationship between 

warfarin,, CYP2C9 genotype, and bleeding risk, which suggested that poor metabolizers 

havee an increased bleeding risk. There are four possible explanations for this 

discrepancy.. The first, unlikely, explanation is that such an effect is specific for 

warfarin.. The second explanation relates to errors in genotype assignment, a problem 

easilyy encountered in the analysis of the CYP2C genes, and which we avoided by using 

thee appropriate tests.131 The third possibility is that the relatively low number of 

bleederss in the previous studies has resulted in unreliable results.124'126 The final 

explanationn might be that the studies using warfarin, because of the predefined 

inclusionn criteria used, found a higher overall INR level and consequently found a 

higherr bleeding rate. The study by Taube et al reports a percentage of time spent in the 

targett range of approximately 65%,124 indicating a higher overall INR and therefore 

possiblyy a higher bleeding risk. 

Inn conclusion, patients carrying the CYP2C9*3 polymorphism use a lower dose of 

acenocoumaroll  or phenprocoumon in order to reach a target INR, and a significantly 

lowerr quality of treatment in the acenocoumarol group was observed in individuals 

carryingg a CYP2C9*3 polymorphism. Finally, carriership of either polymorphism does 

nott influence the risk of bleeding. 
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Abstract t 

Bleedingg remains the major complication of treatment with vitamin K antagonists 

(VKA) .. In addition to patients characteristics like older age and hypertension other 

factorss might also be important modifiers of the risk of bleeding during treatment with 

VKA .. Candidates are decreased platelet function and clot stablility or enhanced 

fibrinolysis. . 

Too investigate their candidature we selected five polymorphisms with an established 

phenotypee in these pathways, i.e. Gpla C807T, GpIIIa PLAiA2 , PAI-1 4G/5G, TAFI 

Thr325Ile,, and FXIII A Val34Leu, and analyzed whether these polymorphisms modify 

thee risk of bleeding during VKA treatment. 

Casess with a major bleeding during VKA therapy and matched controls were 

identifiedd with a computerized search in the databases of two Thrombosis Services in 

thee Netherlands. One-hundred and ten cases and 220 controls were included in the 

study.. In a multivariate analysis adjusting for all variables univariately associated (p < 

0.10)) with bleeding (age, follow-up duration, smoking and history of cancer) the ORadj 

wass 0.3 (95% CI: 0.02-3.2) for the PLA2 A2 homozygotes. The ORadj for Gp Ia 807T 

carrierss was 1.1 (95% CI: 0.7-1.8). The ORadj for PAI 5G carriers was 1.4 (95% CI: 0.8-

2.4).. The ORadj for TAFI 325Thr carriers was 0.9 (95% CI: 0.5-1.6). Finally, the ORadj 

forr FXII I A 34Leu carriers was 1.0 (95% CI: 0.6-1.8). Based on these results, we 

concludee that, with the possible exeption of the PLA1/A2 variant in the Gp Ilia, these 

polymorphismss do not appear to have any effect on the bleeding risk. 

Introductio n n 

Treatmentt with vitamin K antagonists (VKA ) is widely used for many indications 

basedd on studies showing the benefit of this treatment 8 Bleeding remains a substantial 

problemm during VKA treatment: approximately 1-3% of the patients wil l have major 

bleedingg complications each year.97,98 

Thee higher the intensity of VKA treatment, expressed as the International 

Normalizedd Ratio (INR), the higher the bleeding risk and the prevention of bleeding is 

thereforee mainly based on avoiding excessive treatment intensities. This is 
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accomplishedd by careful monitoring of the INR which is set depending on the clinical 

indicationn for VKA therapy.& 
Despitee intensive control of the INR, bleeding often occurs even when the INR is in 

thee therapeutic range. It may be that certain patient characteristics play a decisive role 

inn these instances. These patient characteristics may include: older age, past gastro-

intestinall  bleeding, treated hypertension, cerebrovascular disease, serious heart disease, 

renall  insufficiency, and malignancy.99 

Bleedingg during VKA treatment results from an imbalance between different key 

componentss that control the homeostasis of coagulation, i.e. the coagulation cascade, 

anticoagulantt pathways, platelet function, fibrinolysis or endothelial integrity. On this 

basiss we hypothesize that genetic defects affecting these pathways are important 

candidatee risk factors for bleeding during VKA treatment. 

Thee first of possible reasons for bleeding during VKA treatment are genetic- and/or 

acquiredd defects in the blood coagulation system, e.g. heterozygous deficiencies in 

procoagulantt factors. However, as we showed earlier such defects do not appear to be a 

commonn cause for bleeding during VKA treatment 132 An excess of anticoagulant 

activity,, for example articulated by high soluble-thrombomodulin (s-TM) levels, 

contributee to the risk of bleeding during VKA treatment.18,112 Damage and/or 

activationn of the endothelial layer lining the vasculature was shown to be another 

reasonn for an increased bleeding risk during VKA treatment. '32 LJntil now it is 

unknownn if variations in platelet function, clot stability or the fibrinolytic system play a 

rolee in the risk of bleeding during VKA treatment. 

Twoo polymorphisms in platelet receptors (Glycoprotein (Gp)IIb-IIIa and GpIa-IIa) 

aree of interest in the respect. The first is a T1565C transition in the GpIIIa gene 

resultingg in a Leu (P1AI) to Pro (P1A2) substitution at amino acid position 33.133 The 

GpIIb-IIIaa complex on the platelet membrane is the principal mediator of platelet 

aggregationn by functioning as fibrinogen receptor. The P1A2 allele is known to exhibit a 

heterogeneouss ethnic distribution and was claimed to result in increased platelet 

aggregability,1344 j e more coagulation and possibly less bleeding during VKA 

treatment. . 

Thee second platelet polymorphism is a silent dimorphism C807T in the GpIa-IIa 

gene.. This C807T substitution was reported to affect GpIa-IIa density on platelets and 

collagenn receptor activity. 135,136 Tne 807T allele (linked to high GpIa-IIa density) 
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wass associated with a significant 1.6-fold increased risk of myocardial infarction in a 

largee study investigating male patients undergoing coronary angiography, mainly in the 

youngerr patient group.' 37 

Plasminogenn activator inhibitor (PAI-1) is a member of the serpin (serine protease 

inhibitor)) super family and an important inhibitor of plasminogen activation thereby 

regulatingg fibrinolysis.138 A 4G/5G deletion/insertion promoter 

polymorphism.139,1400 n as be en vvidely investigated for its clinical significance. The 

4GG genotype is associated with increased mRNA transcription.'41 and in addition with 

higherr PAI-1 plasma levels. 142,143 

Thrombin-activatablee fibrinolysis inhibitor (TAFI) is activated by thrombin in the 

presencee of the cofactor thrombomodulin,'44 a n (j subsequently removes lysine 

residuess from partially degraded fibrin with a concomitant decrease in plasminogen-

bindingg and activation and as a consequence retardation of clot lysis.145 A recently 

identifiedd C1040T substitution in the TAFI gene, resulting in a Thr to He at position 

3255 was found to affect stability and activity of activated TAFI. The He variant was 

moree stable and more active than the Thr variant,146 a n (j this higher activity results in 

aa higher stability of the clot by an enhanced antifibrinolitic potential and possibly less 

bleedingg during VKA treatment. 

Anotherr clot stabilizing protein is coagulation factor XII I (FXIII) . This 

transglutaminasee is responsible for covalent crosslinking fibrin. A G to A transition in 

exonn 2 of the FXII I subunit A gene, resulting in a Val to Leu substitution at amino acid 

344 (FXII I A Val34Leu),147 influences the activity of FXIII . 148 Homozygosity for 

Leuu is associated with increased activity and heterozygotes have in intermediate 

activity.. The Leu34 variant was found to be lower in myocardial infarction patients, or 

patientss with venous thromboembolism as compared to controls,'49-152 others found 

noo effect of the polymorphism on the risk of arterial disease.153-156 

Thee purpose of this report is to analyze whether the presence of these 

polymorphismss result in differences in the risk for bleeding during VKA treatment in a 

case-controll  study designed to search for (genetic) risk factors in the Amsterdam and 

Leidenn regions in the Netherlands. 
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Methods s 

AA matched case-control study (FACTors in ORal anticoagulant Safety; FACTORS) 

wass conducted at the Thrombosis Services of Amsterdam and Leiden, The Netherlands. 

Thee Institutional Review Boards of the Academic Medical Center in Amsterdam and 

thee Leiden University Medical Center approved the study protocol. Details of the 

designn of the FACTORS-study wil l be reported separately.' 12 

Inn short, we identified all patients with a bleeding complication during 1999, 2000 

andd 2001, through a computerized search of the databases of the Thrombosis Services. 

Livingg patients, with a major bleeding during VKA treatment, were asked to 

participate.. Bleeding was defined as major if it was clinically overt and met one of the 

followingg criteria: associated with a hemoglobin drop of > 2 g/dl, if it required 

hospitalization,, a blood transfusion of > 2 units, or if the bleeding was intracranial, 

retroperitoneal,, intramuscular, intra-articular, or intraocular. For each case between one 

andd four controls were selected from the same database based on indication for 

treatmentt (to ensure the same INR target range). Furthermore, controls were matched 

forr date of birth (within 10 years of the index case), gender, type of vitamin K 

antagonistt (acenocoumarol or phenprocoumon) used, and whether or not treatment with 

VKAA was stopped at the time of evaluation. 

Al ll  patients and controls were visited at home, after obtaining informed consent, a 

questionnairee was completed containing questions about the medical history and blood 

wass collected for isolation of DNA. 

Genotypingg for the PLAI/A 2 variant of the GpIIIa gene, the C807T of Gpla gene, PAI-

11 4G/5G, the TAFI Thr325Ile, and the FXIII A Val34Leu polymorphism was 

performedd by PCR amplification, followed by subsequent restriction enzyme digestion 

withh Ms/? I, Hinfl, Bsll, Spe\, and Dde\ respectively, as previously 

described.146,148,157 7 

Thee final dataset consisted of two separated databases of cases and matched controls 

(onee from Leiden and one from Amsterdam). Since no differences were observed 

betweenn the two databases all analyses were performed on the pooled databases. The 

relationshipp between the occurrence of a bleeding event and baseline variables was first 

exploredd by means of univariate conditional logistic regression to take the matching 
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betweenn cases and controls in account. Subsequently, all factors univariately associated 

att a p < 0.10, with bleeding, were included in a final multivariate model. 

Results s 

Thee characteristics of the 110 cases and 220 controls included in the study and the 

indicationss for treatment are listed in Table I. Except for the median duration of 

treatmentt (cases 3.1 years and 1.1 years for the controls; p < 0.001)) and the age (cases 

688 years and controls 69 years; p = 0.01)) the groups were similar for the listed 

variables. . 

Thee genotype and carrier frequencies are depicted in Table 11 for all four 

polymorphismss determined. 

PlateletPlatelet polymorphisms 

GpGp Ilia (PI ~) - Only 1 case was homozygous for the piA2/A2 allele as compared to 

thee 9 controls, this resulted in an OR of 0.2 (95% CI: 0.03-1.9). In a multivariate 

analysiss adjusting for all variables univariately associated (p < 0.10) with bleeding: 

age,, follow-up duration, smoking and history of cancer, the ORadj was 0.3 (95% CI: 

0.02-3.2),, indicating a possible protective effect of the polymorphism, although the 

confidencee intervals were wide. 

GpGp Ia (C807T) - The carrier frequency of the T allele was 65% for the cases and 

59%% for the controls, resulting in an OR of 1.1 (95% CI: 0.7-1.8). Adjusting for age, 

follow-upp duration, smoking and history of cancer did not change this association. 

Fibrinolysis Fibrinolysis 

PAIPAI (4G/5G) - The carrier frequency of the 5G allele was 70% for the cases and 66% 

forr the controls, resulting in an OR of 1.4 (95% CI: 0.8-2.4). The ORadj was not 

substantiallyy different. 

ClotClot stabilizing polymorphisms 

TAFITAFI (Thr325Leu) - The carrier frequency for the Thr was 89% for the cases and 93% 

forr the controls, resulting in an OR of 1.0 (95% CI: 0.6-1.6). Adjustment for age, follow-up 

duration,, smoking status and history of cancer did not change this OR substantially. 
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FAFA CTORS-s tudy and polymorph is ms 

Cases s 
(N== 110) 

Controls s 
(NN = 220) 

Malee (%) 
Meann age in years (  SD) 

Hypertensionn (%) 

Diabetess mellitus (%) 

Smokingg (%) 

Historyy of cancer (%) 

Caucasiann (%) 

Acenocoumaroll  (%) 

Mediann follow up in years (in 

Totall  follow-up (years) 

Indicationss for oral anticoagulant treatment 

Targett INR range 2.5-3.5 

Targett INR range 3.0-4.0 

artilee range) 

reatment t 

Atriall  fibrillation 

Venouss thromboembolism 

Postt operative prophylaxis 

Others s 

Totall  target 2.5-3.5 

Mechanicall  heart valve 

Vascularr surgery 

Ischemicc heart disease 

Others s 

Totall  target 3.0-4.0 

666 (60%) 

688  12 

333 (30%) 

14(13%) ) 

211 (19%) 

18(16%) ) 

106(96%) ) 

622 (56%) 

3.11 (0 .9-7 .4) 

592 2 

288 (56 %) 

10(20%) ) 

6 (12%) ) 

6 (12%) ) 

50 0 

18(30%) ) 

16(27%) ) 

18(30%) ) 

8 (13%) ) 

60 0 

1311 (60%) 

69  11 

777 (35%) 

35(16%) ) 

35(16%) ) 

24(11%) ) 

216(98%) ) 

138(63%) ) 

1.11 (0 .5-3 .4) 

635 5 

622 (61 %) 

200 (20 %) 

14(14%) ) 

66 (6 %) 

102 2 

399 (33 %) 

288 (24 %) 

322 (27 %) 

19(16%) ) 

118 8 

Tablee 1: Baseline characteristics and indications for anticoagulant treatment of the patients and 

controls s 

FactorFactor XIII (VaB4Leu) - The carrier frequencies of the FXIII-A Leu34 were 43% 

forr the cases and 46% for the matched controls (OR 0.9, 95% CI: 0.6-1.5), the ORadj 

wass not substantially different. 

Discussion n 

Inn this study we attempted to elucidate the importance of five polymorphisms- two 

polymorphismss in proteins important in stabilizing of the blood clot (FXIII A 

Val34Leuu and TAFI Thr325Ile), two polymorphisms influencing platelet function 

(P1A'' A i in the GP Ili a gene and C807T in the Gp la gene) and finally, the 4G/5G 
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FAFA CTORS-study and polymorphisms 

polymorphismm in the PAI-1, a protein functioning as an inhibitor of the fibrinolysis-

forr the risk of bleeding during VKA treatment. These polymorphisms were selected on 

thee basis of their well-established intermediate phenotype. 

Inn contrast to our prior hypotheses, i.e. that these polymorphisms might effect the 

bleedingg risk during VKA treatment, we found that the two polymorphisms important 

inn stabilization of the clot (TAFI Thr325Leu and FXII I Val34Leu) did not seem to have 

thee predicted effect on the risk of bleeding during VKA treatment. There was a non-

significantt trend towards an increased odds ratio for homozygous lie carriers but this is 

oppositee to what was expected because the He variant is assumed to lead to more stable 

clots. . 

Noo difference was found between cases and controls for the 4G/5G polymorphism in 

thee PAI gene, which encodes the major inhibitor of fibrinolysis. We therefore conclude 

thatt this polymorphism is not important for the bleeding risk during VKA treatment. 

Onee of the two polymorphisms in platelet glycoprotein genes, the P1A2, in the platelet 

Gpp Ili a gene resulted in a non-significant ORadj of 0.3 (95% CI: 0.02-3.1), indicating a 

possiblee protective effect of the Pro variant in the Gp Ili a gene, at least in homozygous 

carriers.. This trend is in accordance with our hypothesis, since the Pro variant is 

claimedd to convert to a phenotype with a higher risk of coronary thrombosis.158 The 

otherr investigated platelet glycoprotein polymorphism in the Gpla did not support the 

contentionn that platelet polymorphisms are important determinants of the risk of 

bleedingg during VKA treatment. 

Theree are two important issues to take into account. The first is that the sample size 

off  our study was relatively small and that therefore the confidence intervals are wide, in 

particularr for carriers of the rare alleles. Secondly, it is conceivable that the penetrance 

off  the phenotype of the investigated mutations is too low to significantly modify the 

powerfull  action of vitamin K antagonists on the coagulation cascade. 

Inn conclusion this study does not provide solid evidence for the notion that well-

establishedd polymorphisms important in platelet function, fibrinolysis and clot stability 

influencess the risk of bleeding during VKA treatment. Further studies are needed to 

elucidatee these possible protective effects of this platelets polymorphism. Other 

polymorphismss in proteins important in the clot stability and fibrinolysis do not appear 

too influence bleeding risk during VKA treatment. 
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ChapterChapter 8 

Abstract t 

Vitaminn K antagonists are the treatment of choice for many indications to prevent 

venouss and arterial thrombosis. It is important to balance the benefits and the potential 

hazardss of this treatment. An effective way to prevent unnecessary bleeding during 

vitaminn K antagonist treatment is to stop treatment when the indication is no longer 

present.. In this study we describe the distribution of indications at the start of treatment, 

inn a randomly selected group of 250 patients starting vitamin K antagonist treatment. 

Furthermore,, the proportion of patients still treated after one year of follow-up was 

investigated.. The distribution of the indications among starting patients was 

approximatelyy 50% for venous thromboembolism treatment and prophylaxis and 

approximatelyy 50% for prophylaxis of arterial thrombosis. After one year of follow-up 

1644 (65.6%) of the 250 patients had stopped vitamin K antagonist therapy. Reasons for 

stoppingg included, no indication for continuing VKA treatment, e.g. end of treatment, 

prophylaxiss or restoration of sinus rhythm (137 patients), deceased (17 patients) and 

otherr reasons (10). Nine (3.6%, 95% CI: 1.7%-6.7%) patients had a debatable 

indicationn for long-term treatment and 19 (7.6%, 95% CI: 4.6%-11.6%) patients had no 

clearr indication for continued vitamin K antagonist treatment. We conclude that only a 

smalll  proportion of patients is treated with long-term vitamin K antagonist therapy 

withoutt a valid indication for this medication after one year of follow-up. 

Introductio n n 

Inn the last decade the number of indications for vitamin K antagonists (VKA ) 

therapyy has increased considerably. VKA have been used for years in the treatment of 

venouss thromboembolism to prevent recurrent disease. 159 ancj for prevention of 

arteriall  thrombosis in patients with mechanical heart valves. 160 po r the more recent 

indicationss evidence of the beneficial effects of VKA has been gathered in different 

largee clinical trials, and include atrial fibrillation.161 with or without stroke. 162 a n (j 

postdischargee prophylaxis for venous thromboembolism after major orthopedic 

surgery.. 163 Another reason for the increase of the number of patients receiving VKA 

iss ageing in the general population. 

100 0 



QualityQuality of control by Thrombosis Scn'ice 

Sincee there exists a delicate balance between preventing thrombosis with VKA and 

thee risk of bleeding, the control of the level of anticoagulation is of great 

importance.!644 jh i s is best achieved by means of measuring the International 

Normalizedd Ratio (INR) at regular intervals. Despite regular control of the intensity of 

VK AA treatment, the annual incidences of major and minor hemorrhages are 

approximately,, 3% and 17% respectively.97 Hence, it is also important to regularly 

checkk whether the indication is still valid and whether the benefit/risk ratio of VKA 

therapyy is still positive, in order to prevent unnecessary harm. 

Inn the Netherlands approximately 1% of the population is treated with VKA . The 

controll  of most of these patients is organized by regional Thrombosis Services, which 

formss a network covering the entire country. It is common practice for treating 

physicianss and general practitioners to refer patients to these institutes for the 

managementt of VKA treatment. 

Thiss service is widely appreciated and has several advantages, in terms of logistics, 

qualityy control and cost-effectiveness. However, the major disadvantage may be that 

patientss treated with VKA do not stop treatment at an appropriate time. Furthermore, at 

thiss moment it is not known what the distribution of the indications of VKA treatment 

iss among patients initiating this therapy. 

Wee therefore, randomly selected consecutive patients starting with VKA , who were 

referredd to a Thrombosis Service. We listed the primary indication and followed these 

patientss for at least one year, to assess the frequency and appropriateness of continued 

VK AA therapy. 

Methods s 

PatientsPatients and data selection 

Thee study was conducted at the Thrombosis Service Amsterdam, The Netherlands, 

whichh provides the management of VKA treatment for the larger Amsterdam region. 

Fromm May 2000 to June 2000 we identified in total 730 consecutive starting patients. A 

randomm number of the 250 patients were selected from this cohort. 

Thee following information was recorded: age, sex, indication(s) for VKA treatment, 

startingg date, aimed stopping date, and target INR. The primary indication for VKA 

wass determined with the information provided by the referring physician. 
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Al ll  patients were followed for at least one year or until the VKA treatment was 

stopped.. In those patients still receiving VKA therapy the indication for continued use 

wass evaluated by an independent committee. We used three categories for this 

evaluation:: a definite indication, e.g. mechanical heart valves; a debatable indication, 

e.g.. peripheral vascular disease or post myocardial infarction; and no clear indication 

forr long-term VKA therapy, e.g. prophylaxis or treatment of venous thromboembolism. 

Fromm those patients that stopped treatment with VKA during the follow-up period the 

reasonn was recorded and categorized. We used the following categories: no indication 

forr continuing VKA treatment, e.g. end of treatment, prophylaxis or restoration of sinus 

rhythm;; deceased; bleeding complications and other reasons. 

Majorr bleeding was defined as overt bleeding, associated with a decrease of 2 g/dl, 

orr more in the hemoglobin level, if it required hospitalization, a blood transfusion of 2 

unitss or more, if it was intracranial, retroperitoneal or intramuscular or intraarticular, all 

otherss were classified as minor. Whenever death occurred we evaluated whether the 

patientt died of a cause directly related to the treatment with VKA . 

Results s 

AA total of 250 consecutive patients starting VKA treatment were identified. The 

meann age was 67 years (SD  17; range 1 7 - 91 years), 46% were males and 98% of 

thee patients used acenocoumarol. The median follow-up was 140 days (range 3 365 

days).. Two hundred eighteen (87%) patients had a single indication for VKA treatment, 

300 (12%) had two indications, whereas 2 (0.8%) patients had three reasons for 

receivingg VKA . The first of the latter two patients had atrial fibrillation, with a recent 

myocardiall  infarction and angina pectoris; the second patient had heart failure with a 

thrombuss in the heart and a pulmonary embolism. 

Inn Table I the primary indication for VKA treatment for all patients is presented. The 

twoo most frequent indications were prophylaxis of venous thromboembolism and 

chronicc atrial fibrillation, which totals to approximately 60%. 

Afterr one year of follow-up 164 (65.6%) of the 250 patients had stopped treatment 

withh VKA (see Table II) . Reasons for stopping included, no indication for continuing 

VK AA treatment, e.g. end of treatment, prophylaxis or restoration of sinus rhythm (137 

patients),, deceased (17 patients) and other reasons (10). None of these patients stopped 

treatmentt because of hemorrhage. Six patients experienced minor bleeding 
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Indication n 

Chronicc AF 

Cardioversionn for AF 

Mechanicall  heart valves 

Recentt CABG2 or PTCA1 

Ischemicc heartdisease 

Otherr cardiac indications 

AFF with ischemic stroke or TIA"1 

Recentt ischemic stroke 

Peripherall  arterial bypass surgery 

Venouss thromboembolism̂ treatment 

Prophylaxiss of venous thromboembolism 

Total l 

Tablee I: Distribution of the primary indication for vitamin K antagonist treatment at the start of 

treatment. . 

'' Atrial fibrillation 
22 Coronair artery bypass graft 
33 Percutaneous transluminal coronary angioplasty 

**  Transistient ischemic attack 

"~~ Deep venous thrombosis or pulmonary embolism 

complications,, no major bleeding complications were observed. Eighty-six (34.4%) 

patientss were still using VKA after the total follow-up period of one year. Of these 86 

patients,, 71 had a definite indication for long-term VKA treatment, including artificial 

heartt valves and chronic atrial fibrillation. Six (2.4%, 95% CI: 0.9%-5.1%) patients had 

aa debatable indication for long-term VKA treatment and nine patients had no clear 

indicationn for continued VKA treatment (3.6%, 95% CI: 1.6%-6.7%). In eight of these 

latterr patients the indication was treatment of VTE, while the remaining patient 

continuedd VKA treatment for prophylaxis of VTE after prolonged immobilization. 

Discussion n 

Thiss study, in a randomly selected group of patients, starting with VKA treatment 

andd managed by a Thrombosis Service shows, that 3.6% (95% CI: 1.6%-6.7%) of these 

patientss is still using VKA after one year without a clear indication for long term use of 

Numberr of patients Percentage (%) 

600 24 

133 5.2 

99 3.6 

88 3.2 

11 0.4 

111 4.2 

66 2.4 

33 1.2 

77 2.8 

388 15.2 

944 37.6 
2500 100 
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atientss that stopped VKA 1 treatment 

til ll  treated with VKA 

Stilll  using VKA with valid indication 

Stilll  using VKA with probably disputable 

indication n 
Stilll  using VKA without a clear indication for 

long-termm treatment 
Total l 

Numberr of 

patients s 

164 4 

86 6 

71 1 

6 6 

9 9 

250 0 

Percentag g 

65.6 6 

34.4 4 

28 8 

2.4 4 

3.6 6 

Tablee II : Treatment status of the 250 study patients after one year of follow-up 

Vitaminn K antagonist 

thiss medication. To our knowledge this is the first time the proportion of patients still 

treatedd with VKA during follow-up is reported. Several large cohort studies have been 

conductedd in starting patients, but usually focused on the incidence of hemorrhagic and 

thromboticc complications. The observed distribution of indications in our study is 

comparablee to that seen in other cohort studies.98 

Thee present study was conducted in the Netherlands. The organization of the 

managementt of patient treated with VKA is not unique for this country, but it is also 

operationall  in Italy and parts of the UK. In the Netherlands the treating physician refers 

thee patient to the regional Thrombosis Service and thereby delegates the management. 

Hee completes a registration form, which details the major indication(s), the desired 

targett range and expected duration of therapy. It is therefore conceivable that patients 

aree still receiving VKA without a valid indication for prolonged use. However, our 

findingss indicate this is only true for a small subset of less than 5%, for those followed 

forr one year. 

Thee major limitation of our study is that we completely relied on the information, 

providedd by the treating physician at entry and the information collected during follow-

upp of the patients by the Thrombosis Service. The nature of the surveillance is that 

patientss are being managed for their VKA treatment, but the Service is not always 

awaree of a change in the medical situation of an individual patient and has to obey 

104 4 



QualityQuality of control by Thrombosis Sen-ice 

privacyy rules. Therefore, we could not provide precise estimates as to whether the 

treatmentt with VKA should be really stopped in all identified patients, with a debatable 

orr no clear indication. It is, for example, possible that during the treatment with VKA a 

numberr of patients developed other indications for VKA treatment. Furthermore, we 

censoredd our observations at one year, however, when checking the database for an 

additionall  time after 3 months another 4 patients without a clear indication stopped 

treatmentt with VKA on the order of the treating physician. All these patients were 

treatedd for VTE. For these reasons the number presented is probably lower than the 

3.6%% observed. On the other hand, as previously mentioned, there wil l always be a 

subgroupp of patients in whom due to the lack of solid clinical evidence, the 

continuationn of VKA treatment remains a discussion. For example the present debate 

whetherr treatment for 6 to 12 months is more appropriate for VTE. 165 

Itt is of interest to note that although, the percentage of patients still treated after one 

year,, and without a good reason for VKA treatment is low, extrapolating this 

percentagee to all patients treated with VKA in Amsterdam, reveals that approximately 

6000 patients are exposed to the risk of unnecessary anticoagulation. When assuming 

thatt the annual risk of serious bleeding is approximately 3%.97 this totals to 18 major 

bleedingss each year. 

Whatt can be done to avoid this unnecessary continuation of VKA treatment? Firstly, 

itt would be important for the treating physician to develop a system with regular 

checks,, whether the indication for continued VKA is still present. Secondly, more 

directt contact between the Thrombosis Service and the treating physician would be 

welcome,, whenever unnecessary anticoagulation is suspected by the Service. Finally, 

theree is a need for more, adequately designed trials concerning the duration of VKA 

therapyy in several indications for which the discussion about the duration is intense, 

e.g.. venous thromboembolism 165 a n (j atrial fibrillation. 

Inn conclusion we found that half of the patients starting VKA treatment for venous 

indications,, while the other half received this medication for prophylaxis of arterial 

thrombosis.. Furthermore, we found only a small proportion of patients treated with 

long-termm VKA therapy without a clear indication for this medication. 
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Abstract t 

Treatmentt with vitamin K antagonists (VKA ) is widely used for several indications 

includingg venous thromboembolism (VTE) and atrial fibrillation. The major 

complicationn of VKA treatment is bleeding, of which the intensity of anticoagulation is 

thee most important determinant. Because VKA are also prescribed for reversing a 

procoagulantt state that may have led to VTE, we hypothesized that the indication for 

VK AA treatment may also be a determinant for bleeding during VKA treatment. We, 

therefore,, set out to study whether the bleeding risk is different between patients with 

atriall  fibrillation or VTE. 

Threee hundred and thirty patients with a major bleeding and 230 controls were 

selectedd from the database of a large Thrombosis Service. Using a multivariate logistic 

regressionn model, including age, duration of treatment with VKA , history of cancer, we 

foundd that patients treated with VKA for VTE had the same bleeding risk as patients 

treatedd for atrial fibrillation (ORadj 1.0, 95% CI: 0.6-1.8). The bleeding risk for patients 

treatedd with a higher target range, e.g. in connection with mechanical heart valves (3.0-

4.0),, tended to be increased (ORad| 1.2, 95% CI: 0.8-1.8). 

Inn conclusion, we did not observe a difference between the bleeding risk for patients 

whoo were treated for VTE or atrial fibrillation. These results suggest that a 

profhromboticc state does not protect against bleeding complications during VKA 

treatment. . 

Introductio n n 

Inn the last decades the number of indications for treatment with vitamin K 

antagonistss (VKA ) has increased considerably. The levels of anticoagulation for these 

indicationss are based on different clinical studies.8 Bleeding remains the major 

drawbackk of VKA treatment. Important risk factors for bleeding during VKA treatment 

aree the intensity of treatment and the age of the patients.99 Overall, the rate of major 

bleedingg is approximately 1-3% per 100 patient years.97,98 

Twoo target ranges are used by the Thrombosis Services in agreement with the 

consensuss of the Dutch Federation of Thrombosis Services: an INR target range 

betweenn 2.5-3.5 for atrial fibrillation, primary prevention and treatment of venous 
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thromboembolism;; and an INR target range between 3.0-4.0 for other arterial 

indications,, such as mechanical heart valves and ischemic heart disease. 

Itt is well accepted that higher target ranges are associated with an increased bleeding 

risk.99,164,1666 Less is known about differences in the risk of bleeding during VKA 

treatmentt for indications in the same target range. We hypothesized that a difference in 

bleedingg risk might exist between different indications, based on the fact that some 

diseases,, for which VKA treatment is prescribed, are characterized by a prothrombotic 

state.. For example, in patients treated with VKA for venous thromboembolism the 

prevalencee of prothrombotic mutations, e.g. factor V Leiden and the prothrombin 

mutation,, is high and these mutations may protect against bleeding.167 Patients treated 

withh VKA for atrial fibrillation, the other major indication in the 2.5-3.5 INR range, 

havee a lower prevalence of these mutations. This difference might result in a relative 

protectionn against bleeding in the venous thromboembolism group. 

Forr obvious reasons, no randomized trials have been conduced to compare bleeding 

riskk between the different indications for VKA treatment. Therefore, to answer the 

questionn whether a difference in the bleeding risk exists between the indications for 

VK AA treatment we have to rely on observational studies, with cohorts of patients 

treatedd with VKA for different indications. Most of these studies did not observe a 

majorr difference in the bleeding risks for the different indications.̂  168,169 One 

studyy found a higher bleeding risk in patients treated for arterial indications versus the 

otherr indications,*̂  while another study reported a higher bleeding risk for patients 

withh a history of stroke than in patients treated with VKA for atrial fibrillation.170 Part 

off  the explanation for not finding a clear difference in the bleeding risk might be the 

factt that the absolute number of bleeding complications in these studies was rather low 

andd that, they were not specifically designed to detect differences between the 

indications. . 

Too investigate whether there is a difference between the bleeding risk for patients 

treatedd with VKA for atrial fibrillation and venous thromboembolism, we designed a 

case-controll  study. 

109 9 



ChapterChapter 9 

Methods s 

Wee conducted a case-control study at the Thrombosis Service Amsterdam, the 

Netherlands,, which provides the management of VKA treatment for the larger 

Amsterdamm region, comprising in total approximately 1.2 million inhabitants and 

accountingg for roughly 16,000 patients every year. 

Thee group of cases was selected from the database of the Thrombosis Service. Al l 

individualss with a reported non-traumatic bleeding complication between 1 January 

19999 and 31 December 2001 were identified with a computerized search. Patients who 

mett the criteria for a major bleeding complication comprised the group of cases. Major 

bleedingg was defined as hemorrhage leading to death, intracranial bleeding, bleeding 

leadingg to hospitalization, leading to a hemoglobin decrease of > 1.25 mmol/L, or a 

bloodd transfusion of 2 units or more, and a muscle, joint, or intraocular bleeding. All 

otherss bleeding complications were classified as minor and not used in the analyses. 

Thee control group was created by randomly selecting 250 patients treated by the 

Thrombosiss Service on 1 July 2000, under the assumption that this sample reflects the 

distributionn of indications for the period between 1 Januari 1999 and 31 December 

2001.. Controls experiencing a bleeding complication during this study period were 

excluded. . 

Wee divided individuals in three different treatment groups: atrial fibrillation, venous 

thromboembolismm and indications with a target INR between 3.0-4.0. Cases and 

controlss treated for post-operative thromboprophylaxis were excluded from the 

analysess because only a few individuals were available. The following information of 

alll  cases and controls was recorded: age, gender, indication(s) for VKA treatment, 

startingg date, target INR range, and co-morbid conditions such as cancer, hypertension, 

andd diabetes mellitus. 

Thee relationship between the occurrence of a bleeding and baseline variables was 

firstt explored using univariate logistic regression. Subsequently, we designed a final 

multivariatee model including all variables univariately associated with bleeding with a 

pp < 0.10. Finally, because cancer is associated with both an increased bleeding risk and 

ann increased risk of venous thromboembolism we also performed the analyses 

excludingg all cancer patients. 
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Results s 

Inn total 1474 non-traumatic spontaneous bleeding complications, 350 major 

bleedingss in 342 patients and 1124 minor bleedings in 924 patients, were recorded 

betweenn 1 January 1999 and 31 December 2001. Twelve patients with a major bleeding 

complication,, who were treated for post-operative thromboprophylaxis, were excluded. 

Hence,, the final analyses comprises of 330 patients with a major bleeding complication. 

Thee control group consisted of 230 individuals after excluding 11 patients with a 

bleedingg complication between 1 January 1999 and 31 December 2001 and 9 patients 

treatedd for post-operative thromboprophylaxis. 

Thee characteristics of the patients with a major bleeding complication and controls 

aree depicted in Table I. The patients with a major bleeding complication were 

significantlyy older (76 versus 73 years; p = 0.03). The median treatment time of 5.1 

(IQRR 2.7-8.2) years in the controls was significantly different from the individuals 

experiencingg a major bleeding complication (3.0 years (IQR 1.0 7.4); p < 0.0001). 

Approximatelyy 55% of all patients were treated with VKA for an indication with a 

targett INR of 3.0-4.0. 

Thee effect of the baseline variables on the occurrence of bleeding and the results of 

thee multivariate analyses are depicted in Table II . No differences were observed 

Malee (%) 

Meann age in years (  SD) 

Mediann duration of treatment in years (IQR) 

Hypertensionn (%) 

Diabetess mellitus (%) 

Historyy of cancer (%) 

Acenocoumaroll  (%) 

TargetTarget INR range 2.5-3.5 

Atriall  fibrillation 

Venouss thromboembolism 

TargetTarget INR range 3.0-4.0 

Cases s 

(NN = 330) 

147(45%) ) 

766  11 

3.0(1.0-7.4) ) 

233 (7 %) 

18(6%) ) 

288 (9 %) 

316(96%) ) 

855 (26 %) 

57(17%) ) 

188(57%) ) 

Controls s 

(NN = 230) 

115(50%) ) 

733  14 

5.11 (2 .7-8 .2) 

99 (4 %) 

16(7%) ) 

77 (3 %) 

215(94%) ) 

599 (26 %) 

38(17%) ) 

133(58%) ) 

Tablee 1: Characteristics of patients and controls, all patients and controls included. 

I l l l 
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betweenn atrial fibrillation and venous thromboembolism (OR 1.0, 95% CI: 0.6-1.8). In 

thee multivariate analysis including age, duration of treatment and history of cancer (all 

associatedd with bleeding with a p < 0.1), age (ORad| 1.02, 95% CI: 1.01-1.04), duration 

off  treatment (ORad) 0.7, 95% CI: 0.6-0.8) and history of cancer (ORadj 3.0, 95% CI: 1.3-

7.2)) were significantly associated with major bleeding during VKA treatment. 

Individualss on vitamin K antagonists with a target INR between 3.0 and 4.0 have a 

higherr risk of bleeding as could have been expected although not statistically 

significantt (ORadj 1.2, 95% CI: 0.8-1.8). Combining, atrial fibrillation and VTE and 

comparingg them with the individuals treated with VKA for an indication with a target 

INRR between 3.0 and 4.0 resulted in an ORadj 1.3 (95% CI: 0.9-1.9) 

Finally,, we performed the analysis again without the patients with a history of cancer. 

Forr this analysis 223 controls and 302 cases remained in the analyses. In the final 

modell  adjusted for age, duration of treatment and hypertension the ORadj was 0.9 (95% 

CI:: 0.5-1.5) for the comparison between atrial fibrillation and VTE. Combining the 

individualss treated for atrial fibrillation and VTE and comparing them with the 

individualss with a target INR between 3.0 and 4.0, resulted in an ORudi of 1.3 (95% CI: 

0.9-1.9)) in a multivariate model adjusted for age and duration of treatment. 

Male e 

Age e 

Durationn of treatment 

Hypertension n 

Diabetess mellitus 

Historyy of cancer 

Acenocoumaroll  versus Phenprocoutnon 

TargetTarget INR range 2.5-3.5 

Atriall  fibr llation n 

Venouss thromboembolism 

TargetTarget !NR range 3.0-4.0 

Univariatee OR 

(95%% CI) 

1.2(0.9-1.7) ) 

1.02(1.00-1.03) ) 

0.77 (0.6-0.8) 

1.8(0.8-4.0) ) 

0.8(0.4-1.5) ) 

3.0(1.3-6.9) ) 

0.6(0.3-1.3) ) 

1 1 

1.0(0.6-1.8) ) 

1.0(0.7-1.5) ) 

Multivariatee OR 

(95%% CI) 

— — 
1.02(1.01-1.04) ) 

0.77 (0.6-0.8) 

— — 
... . 

3.0(1.3-7.2) ) 

... . 

1 1 

1.0(0.5-1.7) ) 

1.2(0.8-1.8) ) 

Tablee II: Result of the univariate and multivariate analyses 
—)) not included in the multivariate analyses 

112 2 



DifferenceDifference in bleeding risk by indication 

Discussion n 

Wee set out to study whether the bleeding risk of VKA treatment is lower in patients 

withh a clear prothrombotic state, i.e. venous thromboembolism, as compared to those 

treatedd for an indication not associated with a prothrombotic state, in this case atrial 

fibrillation.. We hypothesized that the higher prevalence of prothrombotic mutations 

andd the resulting overall prothrombotic state even during VKA treatment would reduce 

thee bleeding risk in patients treated with VKA for VTE. However, no difference in the 

bleedingg risk for the VTE and atrial fibrillation was observed. 

Theree are some elements to consider before we can conclude that the bleeding risks 

duringg treatment during VKA treatment are indeed the same for VTE and atrial 

fibrillation.. Firstly, it might be that the bleeding risk was influenced by co-morbidity in 

thee patients treated for venous thromboembolism. Particularly cancer is important in 

thiss respect since it is associated with a higher incidence of both thromboembolic and 

bleedingg complications.'71 Indeed, we found that cancer was significantly associated 

withh bleeding during treatment with VKA in the multivariate analysis (ORadj 3.0, 95% 

CI:: 1.3-7.2). Excluding all patients with a history of cancer, however, did not 

significantlyy change the Odds Ratio between the patients treated with VKA for atrial 

fibrillationn and venous thromboembolism (ORadj 0.9, 95% CI: 0.5-1.5). Furthermore, 

diabetess mellitus and hypertension were not significantly associated with bleeding in 

thee multivariate analysis. Therefore, on the basis of this we conclude that co-morbidity 

wass not the reason why no difference in bleeding risk was found. 

Wee would also like to acknowledge limitations of the study design regarding the 

registrationn of co-morbid conditions that should be weighed before definite conclusions 

cann be drawn. Firstly, a low absolute number of co-morbid conditions was observed in 

thee patient group which leads to statistical uncertainty. Secondly, recording of co-

morbidd conditions was done by the physician of the Thrombosis Service, based on the 

informationn provided by the referring physician. The physician of the Thrombosis 

Servicee is primarily responsible for maintaining the quality of VKA treatment and is 

nott always aware of an alteration in the medical situation of individual patients and has 

too obey privacy rules. However, we believe that potential under-reporting of co-

morbiditiess is likely to be comparable for the different indications and this should, 

therefore,, not have affected our results. 
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Thee second possible explanation for a lack of difference in the bleeding risk is the 

factt that the number of patients remaining in the final comparison within the target 

rangee 2.5-3.5 was relatively low, although higher than previously reported, and we 

mightt have missed possible small differences for the separate indications. In 

accordancee with what one would expect, we found that patients treated with an 

indicationn with a target INR between 3.0 and 4.0 had a higher bleeding risk than 

patientss treated for atrial fibrillation. 

Anotherr possible reason for not detecting a difference in bleeding risk is the 

differencee between cases and controls with respect to the duration of treatment. The 

controlss had a significant longer duration of treatment as compared to the cases. To 

addresss this problem, we took treatment duration into account in the multivariate 

analyses. . 

Basedd on these considerations we reject our original hypothesis and conclude that 

thee bleeding risk in patients treated with VKA is the same for atrial fibrillation and 

VTE.. It is however conceivable that the effect of the prothrombotic state in the patients 

treatedd for venous thromboembolism is too small to significantly modify the powerful 

actionn of vitamin K. antagonists on the coagulation cascade. 
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Abstract t 

Intracraniall  hemorrhage is a devastating condition, with a high morbidity and 

mortality,, and the most feared complication of any type of anticoagulant therapy. The 

aimm of this study was first to investigate the outcome of intracranial hemorrhages in 

patientss on oral anticoagulant therapy (OAT) compared to patients not using this 

treatmentt and secondly what treatment measures were taken in the acute phase and 

whetherr there is room for improvement. In a cohort of 195 patients with spontaneous 

intracraniall  hemorrhage (29 subdural and 166 intracerebral), admitted to our hospital 

betweenn 1 January 1999 and 31 December 2002, 20% of the patients used OAT. In the 

groupp of patients not using OAT there was a subgroup (19% of all patients) on 

antiplatelett therapy (APT). Patients on APT had the highest mortality (40%) compared 

withh 28% for the patients on OAT and 23% in the group not using OAT or APT. In 

patientss on OAT 50% of the patients received treatment with prothrombin complex 

concentratee (PCC); in the patients on OAT that did not receive PCC administration 

theree were good reasons not to administer PCC. In conclusion we found a high 

mortalityy rate of spontaneous intracranial hemorrhages especially in patients treated 

withh APT. Further studies are needed to investigate whether the mortality of patients on 

APTT who present with intracranial hemorrhage can be reduced by specific treatment in 

thee acute phase, e.g. platelet transfusion. 

Introductio n n 

Orall  anticoagulant therapy (OAT) with vitamin K antagonists is primarily used in 

thee treatment and prevention of venous thromboembolism and prevention of arterial 

embolii  with mechanical heart valves and atrial fibrillation.8 Intracranial hemorrhage is 

fearedd as complication in patients on OAT, since it is associated with high mortality 

andd morbidity. 172 

Intracraniall  hemorrhage is usually categorized in three subgroups: intracerebral, 

subdurall  and subarachnoidal. Particularly, intracerebral- and subdural hemorrhages 

oftenn complicate OAT. Approximately 70% of all intracranial bleedings during OAT 

aree intracerebral hemorrhages and the risk of intracerebral hemorrhage during OAT is 
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7-100 times higher as compared to patients without this treatment.173 The absolute risk 

off  intracerebral hemorrhage during OAT is between 0.3% and 1% every year.173 

Thirtyy percent of all intracerebral bleedings during OAT are subdural hemorrhages. 

Chronicc subdural hematoma (CSH) risk is also 4 to 15 fold increased during 

OAT.174'1755 as compared to patients not using this therapy. The absolute rate is 

approximatelyy 0.2% every year.173 

Inn patients on OAT and who present with signs of a stroke, an intracranial 

hemorrhagee is currently immediately considered. 

Intracerebrall  hemorrhages continue to enlarge in approximately half of the patients 

duringg OAT,1 7 6 - 1 78 in contrast to approximately 18% to 38% of the patients without 

OAT.I79-1811 For patients presenting with intracranial hemorrhage during OAT it is 

recommendedd to reverse anticoagulation, by withholding OAT and by administering 

vitaminn K, followed by the immediate reversal of the action of the vitamin K 

antagonistss by infusion of prothrombin complex concentrates (PCC) or fresh frozen 

plasmaa (FFP).182 

Inn the eighties and early nineties of the last century several studies have been 

publishedd stating that the mortality of intracranial hemorrhage during OAT was 

approximatelyy 60%. 173 Because the care for the patients in the hospital nowadays has 

improvedd considerably (Stroke Units, routine PCC administration, etc.), and because 

theree is increasing awareness that spontaneous intracerebral hematomas are enlarging 

inn the acute phase, making immediate treatment indicated, it is conceivable that the 

mortalityy rates are lower as compared to the studies published over a decade ago. 

Therefore,, we set out to study in a tertiary, teaching hospital the outcome of 

intracraniall  hemorrhages in patients on OAT as compared to patients not using this 

treatment.. Subsequently, we investigated what specific treatment measures were taken 

inn the acute phase and if there is room for improvement in the acute phase. 

Methods s 

PatientsPatients - This study was conducted in the Academic Medical Center, a tertiary 

teachingg hospital in Amsterdam, the Netherlands. All patients admitted to the 

departmentss of Neurology and Neurosurgery with a non-traumatic, intracerebral- or 

subdurall  hemorrhage between 1 Januari 1999 and 31 December 2001 were identified, 
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viaa a code routinely allocated after admission to the departments of Neurology and 

Neurosurgery. . 

CollectionCollection of the data - We located the records of all identified patients admitted for 

aa spontaneous non-traumatic intracranial hemorrhage, CSH or intracerebral. We 

excludedd patients with intracranial hemorrhages due to well-defined causes, for 

examplee AVM . 

Dataa was collected concerning the medical history and the use of concomitant 

medication.. When patients were treated with OAT, the indication for the use was 

recordedd and we evaluated if the indication for use was still valid. Furthermore, data 

wass collected about smoking habits (smoker or non-smoker), use of alcohol (non-

drinkerr and user of alcohol). Hypertension was defined as a blood pressure of more 

thann 140/90 mm/Hg on two consecutive occasions more that two weeks after the event 

orr a history of and the use of anti-hypertensive medication. Diabetes mellitus was 

definedd as a fasted glucose level of above 7 mmol/L on two occasions more than 3 days 

afterr the bleeding event or the use of insulin or oral anti-diabetic medication before the 

bleedingg event. The therapy initiated for the treatment of the intracranial hemorrhage 

wass recorded. Finally, the in-hospital mortality was recorded for all patients. 

Al ll  ct-scans were described by one neuroradiologist, blinded for the fact if a patient 

usedd OAT, who divided the hemorrhages into three categories: intracerebral, subdural 

andd subarachnoidal. The intracerebral hemorrhages were further divided in: lobar, basal 

ganglia,, cerebellar, brainstem and primarily intraventricular. Leukoaraiosis was 

recordedd as present or absent. 

StatisticalStatistical analysis-The analyses were performed in SPSS 11.0.1 statistical package. 

Forr continuous variables we wil l present means (  SD). The differences between the 

categoriess of anticoagulant therapy at admission to the hospital, were calculated by 

Student'ss t tests for continues variables and Mann-Whitney-U tests for the others. In a 

separatee analysis we studied the effects of different patient characteristics on the in-

hospitall  mortality for the OAT group as compared to the group not using OAT 

treatment.. Thereafter we analyzed patients using antiplatelet therapy compared to those 

nott using this treatment. Subsequently, we designed a model in which we only included 

thee variables with a p value < 0.10 and age. The results are presented as relative risks 

(RR).. Age was used as a continue variable and the Glasgow Coma Scale was 

dichotomizedd (above 10 versus below 10). 
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Results s 

GeneralGeneral inclusion We recorded in total 206 non-traumatic spontaneous intracranial 

hemorrhagess (34 CSH in 29 patients and 172 intracranial hemorrhages in 166 patients). 

InIn the analyses we wil l only consider the first bleeding during the study period (195 

patients). . 

Firstt we compared patients on OAT with those without OAT. After we found that 

patientss on antiplatelet therapy (APT) had results different from those without this 

treatmentt we formed three groups: one on OAT, one on APT and patients without OAT 

orr APT. 

Inn Table I the characteristics of the patients divided in these three groups are listed. 

Off  the in total 195 patients included in this study 118 (61%) patients were not on OAT 

orr APT, 39 (20%) were on OAT (one treated with phenprocoumon and the others with 

acenocoumarol,, one patient was also treated with aspirin), finally, 38 (19%) patients 

weree on APT (one treated with aspirin and clopidogrel concomitantly and the others 

withh aspirin only). Patients on OAT and APT were significantly older as compared to 

thee controls: 76  9 years (p < 0.0001) and 71  15 years (p < 0.0001), respectively. 

Diabetess mellitus was more prevalent in the patients treated with APT as compared to 

thee patients not treated with APT or OAT (26% versus 13%; p = 0.06). Prior ischemic 

strokee was present in 36% of the patients treated with OAT and in 63% in the APT 

group.. This was significantly different from the 8% in the patients not treated with 

OATT or APT (p < 0.0001). Leucoaraiosis tended to be more prevalent in the patients 

treatedd with OAT and APT (13% and 26%) respectively as compared to the patients not 

treatedd with OAT or APT. The localizations of intracranial bleedings were not 

significantlyy different between the three groups. Although, subdural hematomas 

appearedd to be more prevalent in the patients treated with OAT and APT (both 21%) as 

comparedd to the patients not treated with OAT or APT (11%). The Glasgow Coma 

Scalee at baseline was more often impaired in patients on APT compared to patients on 

OATT and those without OAT or APT (mean score: 13 versus 14 in the other groups). 

TreatmentTreatment of intracranial bleedings - Table II lists the different treatments initiated 

forr the intracranial hemorrhages. No major differences were observed between the three 

groupss except for the treatment with PCC in the patients treated with OAT. For the 

majorityy of the patients no specific treatment was initiated (approximately 75% in the 

APTT group and patients not treated with OAT or APT). 
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Agee (mean  sd), years 

Malee sex 

Hypertension n 

Diabetess mellitus 

Smokingg status 

Current t 

Unknown n 

Usee of alcohol 

Userr of alcohol 

Unknown n 

Cocainee user 

Historyy of hemorrhagic stroke 

Historyy of ischemic stroke 

Leucoaraiosis s 

Sitee of the hemorrhage 

Lobar r 

Basall  ganglia 

Cerebellar r 

Brainstem m 

Primarilyy intraventricular 

Noo anticoagulant 

treatment t 

(NN = 118) 

600 6 

555 (47%) 

611 (52%) 

15(13%) ) 

266 (22%) 

12 2 

211 (18%) 

12 2 

66 (5%) 

88 (7%) 

99 (8%) 

111 (9%) 

288 (24%) 

522 (44%) 

13(11%) ) 

88 (7%) 

44 (3%) 

Orall  anticoagulant 

treatment t 

(NN = 39) 

* * 

16(41%) ) 

244 (63%) 

7(18%) ) 

22 (5%)+ 

2 2 

66 (15%) 

2 2 

---
22 (5%) 

14(36%)* * 

5(13%) ) 

12(31%) ) 

13(33%) ) 

4(10%) ) 

22 (5%) 

— — 

Antiplatelet t 

therapy y 

(NN = 38) 

711  15* 

23(61%) ) 

266 (68%) 

100 (26%)# 

5(13%) ) 

3 3 

7(18%) ) 

3 3 

— — 

33 (8%) 

244 (63%) * 

100 (26%)s 

99 (24%) 

16(42%) ) 

33 (8%) 

22 (6%) 

— — 

Subdurall  13(11%) 

Glascoww Coma Scale (3-15) 14(3.15) 

8(21%) ) 

14(3-15) ) 

8(21%) ) 

13(3-15) ) 

Referrall  from other hospital 300 (25%) 7(18%) ) [0(26%) ) 

Inn hospital mortality 277 (23%) (28%) ) !5(40%)-a a 

Tablee 1: patient characteristics and location of intracerebral hemorrhage of the patients without 

anticoagulantt treatment, OAT or antiplatelet therapy. 

**  p < 0.0001; # p = 0.06; @ p = 0.046;f p = 0.01;s p = 0.008 
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Noo specific treatment 

Surgicall  intervention 

Evacuationn of CSH 

Evacuationn of intracerebral 

hematoma a 

Externall  ventricular drain 

Recombinantt activated factor VII 

Protrombinn complex concentrate & 

vitaminn K 

Freshh Frozen Plasma & Vitamin K 

Noo anticoagulant 

treatment t 

(NN = 118) 

888 (75%) 

111 (9%) 

111 (9%) 

66 (5%) 

22 (2%) 

---

---

Orall  anticoagulant 

treatment t 

(NN = 39) 

111 (28%) 

8(21%) ) 

---

--
---

211 (54%) 

11 (3%) 

Antiplatelet t 

therapy y 

(NN = 38) 

288 (74%) 

8(21%) ) 

---

11 (3%) 

11 (3%) 

---

---

Tablee II: Treatment initiated (some patients were treated with more than one treatment modality) 

PatientsPatients admitted while on OAT Specific treatment was started for more than 70% 

off  the patients admitted to our hospital who were on OAT. Approximately 50% of the 

patientss received PCC and vitamin K, for the other patients it was decided not to 

administerr PCC, either because the INR did not necessitate administration of PCC, or 

thee clinical condition was so poor that the treating physicians decided that further 

treatmentt was futile. The INR on admission was known in 31 of the 39 patients treated 

withh OAT, of these 5 (16%) had INR values well above the INR target range for their 

specificc indication. In the other patients the condition was too poor to consider 

laboratoryy tests. The indications for OAT were chronic atrial fibrillation (16 patients), 

ischemicc heart disease (13), mechanical heart valve (3), recurrent venous 

thromboembolismm (3), peripheral artery disease (3) and 1 patient with a bioprosthetic 

heartt valve. Finally, only one patient was found without a valid indication (prolonged 

treatmentt for bioprosthetic valve). In addition we found seven patients with a debatable 

indicationn for vitamin K antagonists (three with peripheral artery disease and four with 

aa coronary artery bypass graft). 

In-hospitalIn-hospital mortality - In-hospital mortality was highest in the patients treated with 

APTT (40%). Twenty-eight percent of the patients treated with OAT died in-hospital, as 

comparedd to 23% for the patients not treated with OAT or APT. The mortality within 

488 hours of admission was 24% for the antiplatelet group, 21% for the patients during 
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OATT versus no treatment 

APTT versus no treatment 

Age e 

Malee versus female 

Hypertension n 

Diabetess mellitus 

Smoking g 

Alcohol l 

Historyy of hemorrhagic stroke 

Historyy of ischemic stroke 

Leucoaraiosis s 

GCSS (high versus low) 

Univariate e 

RR R 

1.6 6 

2.9 9 

1.0 0 

0.7 7 

0.96 6 

2.0 0 

0.7 7 

1.2 2 

0.4 4 

2.0 0 

1.2 2 

11.2 2 

95%% CI 

0.7-3.7 7 

1.2-6.7 7 

0.99-1.03 3 

0.4-1.4 4 

0.5-1.9 9 

0.9-4.5 5 

0.3-1.7 7 

0.5-3.0 0 

0.1-1.7 7 

1.0-4.0 0 

0.5-3.0 0 

5.0-25.4 4 

p-value e 

0.29 9 

0.01 1 

0.21 1 

0.37 7 

0.90 0 

0.10 0 

0.41 1 

0.74 4 

0.20 0 

0.06 6 

0.64 4 

<< 0.0001 

Multivariate e 

RR R 

0.8 8 

1.3 3 

1.0 0 

— — 
— — 
2.0 0 

— — 
— — 
— — 
1.5 5 

12.6 6 

95%% CI 

0.3-2.7 7 

0.4-4.6 6 

0.99-1.05 5 

... . 

... . 
0.7-5.4 4 

— — 
... . 
— — 
0.5-4.4 4 

— — 

5.4-29.2 2 

Tablee III : Results of the univariate and multivariate analyses for the prediction of mortality for 
patientss admitted with an intracerebral hematoma for the different baseline characteristics 
—— not included in the final multivariate model consisting of age, diabetes mellitus, history of ischemic stroke and GCS 

OATT and 13% for the patients not treated with OAT or APT (P = 0.23 for both groups). 

Onlyy patients with an intracerebral hemorrhage died in our cohort of patients. To adjust 

forr the differences in patient characteristics between the three groups, univariate and 

multivariatee models were designed to account for these differences. The crude Relative 

Riskk (RR) for mortality after intracerebral 

hemorrhagess compared between OAT and no anticoagulant therapy was 1.6 (95% CI: 

0.7-3.7)) the corresponding RR for APT was 2.9 (95% CI: 1.2-6.7). In table II I  the RR's 

forr all studied variables are listed and also the RR's resulting from the multivariate 

modell  are presented. The RRadj for OAT was 0.8 (95% CI: 0.3-2.7) and 1.3 (95% CI: 

0.4-4.6)) for APT, only the GCS was independently associated with mortality (RRadj 

12.6,, 95% CI: 5.4-29.2). 

Discussion n 

Heree we describe a cohort of patients admitted to a tertiary teaching hospital in the 

Netherlandss with a non-traumatic spontaneous intracranial bleeding. In total we 

includedd 195 patients who experienced an intracranial hemorrhage. In the four years of 
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ourr study approximately 15% of these hemorrhages were chronic subdural hematoma's 

(CSH). . 

Wee expected to find the highest mortality in patients on oral anticoagulant therapy 

(OAT)) and the question was whether management of these patients could be improved 

byy early discontinuation of OAT in all patients. To our surprise we found that the 

mortalityy of the intracranial bleedings was highest in the subgroup of patients who were 

onn antiplatelet therapy (APT). The high mortality of intracranial hemorrhages during 

APTT (46%) has not been described before, although we found one study that reported 

withoutt comment that 15 of 28 patients on APT had died.1 83 

Thee results of the uni- and multivariate analyses give a direction for an explanation of 

thiss observation. A history of ischemic stroke, diabetes mellitus and Glasgow Coma 

Scalee (GCS) on admission were univariately associated with in-hospital mortality. 

Includingg these factors in a multivariate model showed that the in-hospital mortality in 

patientss on APT was mainly dependent on the co-morbidity and especially on the 

conditionn at the time of admission. 

Thee explanation for the higher mortality in patients on ATP may simply be the presence 

off  already existing ischemic lesions in the brain since in the group of patients on APT a 

historyy of ischemic stroke was more prevalent. Existing ischemic lesions in 

combinationn with a new hemorrhagic stroke wil l result in more extensive brain damage 

ass compared to patients without previous ischemic strokes. However, other 

explanationss may also be considered and these may lead to new treatment options. 

Wee hypothesize that when patients are treated with APT and present with signs of 

stroke,, recurrent ischemic stroke is suspected as the most likely diagnosis. 

Unfortunately,, thrombolysis is considered in only a minority of cases with ischemic 

stroke.. Therefore, most of these patients are still not referred immediately to Stroke 

Units.. This in contrast to patients who develop signs of stroke while on OAT which is 

consideredd an emergency. Patients with OAT may therefore reach the hospital earlier 

wheree OAT is discontinued and therefore the time the intracerebral hematoma is 

enlargingg may be shorter than in patients on APT. Patients with an intracranial 

hemorrhagee who were on APT did not die shortly after admission to the hospital. 

Althoughh the percentage of patients dying within 48 hours after admission was highest 

inn the group treated with APT (24%), this percentage was not higher than that observed 

inn the OAT group (21%). 
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Thee overall in-hospital mortality for patients admitted during OAT (28%) was higher 

comparedd to the patients not treated with APT or OAT (23%), although not statistically 

significant.. This mortality is lower than the approximately 60% described in earlier 

studies.173,1844 As can be appreciated from the multivariate analysis the clinical 

conditionn at presentation and co-morbidity appeared to be the major causes of the 

excesss mortality in the OAT group. The fact that the mortality was lower in the OAT 

groupp as compared to the APT group might be explained by the fact that in 50% of our 

cohortt a specific antidote (PCC) was administered to patients presenting with a 

bleedingg during OAT. In our hospital we routinely consider PCC and vitamin K 

administrationn in patients with a hemorrhagic intracranial complication on OAT 

dependingg on the level of anticoagulation determined by the INR at admission to the 

hospitall  to reverse the anticoagulant action of vitamin K antagonists. The other 50% of 

thee patients presenting with a bleeding during OAT, were not treated with PCC for two 

reasons,, the first reason was that the INR value did not necessitate administration of 

PCC,, the second reason was that the clinical condition of the patient was so poor that 

treatmentt was considered futile. The only way to reduce the mortality of patients 

presentingg with an intracerebral bleeding can only be achieved by presenting the 

patientss to the hospital earlier, to prevent ongoing bleeding by administering of PCC. 

Concerningg the indications for OAT we found that one patient (1%) was treated with 

OATT without a valid indication and that 7 (18%) patients had a debatable indication for 

OAT.. Previous work showed that the prevalence of no valid indications and debatable 

indicationss for OAT, in a Thrombosis Service, was lower (6%)J8 5 The observation in 

thiss study, that some patients are treated with a treatment modality that is not 

necessarilyy beneficial and potentially harmful, again stipulates that the indications for 

OATT should be evaluated regularly, to prevent unnecessary major bleeding 

complications. . 

Inn conclusion we found the highest mortality rate of spontaneous intracranial 

hemorrhagess in patients treated with antiplatelet therapy, mainly explained by the 

conditionn on admission and co-morbidity. The mortality rate of intracranial 

hemorrhagess during OAT appeared to be lower than previously reported, possibly 

reflectingg better medical care in the last decade for these patients. 
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Furtherr studies are needed to try and reduce the mortality in APT and OAT with 

specificc treatment modalities. If it for example can be demonstrated that hematoma 

enlargementt in the acute phase of intracerebral hemorrhage in patients on APT occurs 

moree often and is more prolonged than in patients without this treatment, platelet 

transfusionss to improve the bleeding time may be considered as treatment in the acute 

phase.. Other options like activated factor VII administration may be considered as well. 

Inn patients with intracerebral hemorrhages during OAT options to improve the 

treatmentt are, earlier referral to the hospital and possibly if this is safe administration of 

activatedd factor VII in the early stages of the hemorrhage besides PCC and vitamin K. 
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Abstract t 

Magneticc Resonance Imaging (MRI) has become a valuable technique for the 

imagingg of the brain. The T2*-weighted gradient echo MRI-technique is used to 

identifyy hemosiderin deposits in the brain. These so-called micro-bleeds are indicative 

off  previous asymptomatic bleedings. Three studies have shown a possible predictive 

valuee of these micro-bleeds for symptomatic intracerebral hemorrhages. These studies 

includedd a substantial percentage of patients with lobar intracranial bleedings, 

indicatingg a high incidence of amyloid angiopathy and a high age. We hypothesized 

thatt the prevalence of the micro-bleeds would be lower in a patient group with 

spontaneouss deep intracerebral hemorrhages, since these patients are younger and less 

likelyy to have amyloid angiopathy. We set out to study this in a matched case-control 

studyy including patients with a spontaneous intracranial bleeding and age and sex 

matchedd Parkinson controls. The prevalence of the micro-bleeds was significantly 

higherr in the patients with a spontaneous intracerebral bleeding as compared to the 

controlss (69 versus 5%; p = 0.001). This observation may be of interest, especially 

whenn treatment with anti-thrombotics is considered in patients with generalized 

atheroscleroticc vascular disease. 

Introductio n n 

Inn the last decade Magnetic Resonance Imaging (MRI) has become a readily 

availablee and non-invasive technique for the imaging of the brain, which has led to 

betterr understanding of the pathophysiology of neurological diseases, among which 

intracerebrall  hemorrhages. T2*-weighted gradient echo MRI technique has been 

identifiedd as a valuable technique to identify hemosiderin deposits in the brain, which 

aree indicative of previous asymptomatic micro-bleeding (micro-bleeds). 186 

Thesee microbleeds have been associated with hypertension and the presence of 

cerebrall  amyloid angiopathy.I87 Only a few studies have been published that support 

thee hypothesis that patients with these micro-bleeds are more prone to develop 

symptomaticc intracerebral hemorrhages. One study found a prevalence of hemosiderin 

depositss of 54% in 109 patients with primary intracerebral haemorrhage. 188 ancj the 

controll  group of 280 asymptomatic individuals was found to have a prevalence of 6%. 
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Anotherr study found 57% of 30 patients with intracerebral hematoma to have these 

microbleedings.. 189 The last study investigating the association between intracerebral 

bleedingg and microbleeds observed in 35 patients 71% with microbleeds on MRI.190 

Thiss observation is of interest especially for patients treated with different kinds of 

anticoagulantt therapy, like vitamin K antagonists and aspirin, having a higher risk of 

intracerebrall  bleeding. The mean age of the patients in the three reported series was 

overr 60 years and a large proportion of the patients had lobar hematoma's which may 

indicatee that a large proportion had cerebral amyloid angiopathy. 

Wee designed a case-control study in order to evaluate in a group of patients with a 

primaryy spontaneous bleeding in deep regions of the brain (basal ganglia, thalamus, 

cerebellumm and brainstem) whether the prevalence of hemosiderin depositions is indeed 

ass high as reported before in older patients including those with lobar hematoma's. We 

comparedd these patients with an age- and sex matched group of neurologic 

symptomaticc hospital patients routinely screened with MRI for Parkinsons disease. 

Methods s 

PatientsPatients - The matched case-control study was conducted in the Academic Medical 

Centerr a tertiary teaching hospital in Amsterdam, the Netherlands. From 1 June 2001 to 

311 December 2002 all consecutive patients an intracerebral bleeding in the basal 

ganglia,, thalamus, brainstem or cerebellum, admitted to the departments Neurology or 

Neurosurgeryy were included in the study. Patients younger than 40 years of age, with 

traumatic,, or other well-defined causes for an intracerebral hemorrhage were excluded. 

ControlsControls - For every case we identified one or two (if possible) control individual, 

fromm a cohort of patients screened for Parkinson's disease in our hospital, matched for 

gender,, age (  3 years). The Parkinson control group was chosen because these patients 

weree hospital patients with neurological symptoms not associated with vascular 

pathology. . 

CollectionCollection of the data - Data was collected concerning the medical history and the 

usee of concomitant medication. Furthermore, data was collected about smoking habits 

(smokerr or non-smoker), use of alcohol (non-drinker and user of alcohol). 

Hypertensionn was defined as a blood pressure of more than 140/90 mm/Hg on two 

consecutivee occasions more that two weeks after the event, only for the cases or a 
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historyy of and the use of anti-hypertensive medication. Diabetes mellitus was defined as 

aa fasted glucose level of above 7 mmol/L on two occasions more than 3 days after the 

bleedingg event, for the cases or the use of insulin or oral anti-diabetic medication before 

thee bleeding event. 

TheThe MRI protocol - The protocol used to find the hemosiderin depositions was: 1) 

axiall  Tl-weighed spin echo (5 mm); 2) axial PD/T2-weighted fast spin echo (5 mm); 3) 

axiall  T2*-weighted gradient echo (5 mm). Hemosiderin deposits (micro-bleeds) were 

definedd as local hypointense signals on a T2-weighted SE image, or a T2*-weighted 

gradientt echo image, with corresponding normal or slightly abnormal hypointense 

signalss on a Tl-weighted SE image. The primary endpoint was the presence or non-

presencee of micro-bleeds on a gradient echo T2*weighted technique in the non-affected 

hemisphere,, scored by one independent reviewer, only the side not affected with the 

bleedingg was used for the assessment of the hemosiderin depositions. For the controls 

wee used MRI scans that were performed before the patient was operated upon 

wheneverr possible, if this was not possible the traject for the pallidotomy was excluded 

forr the evaluation. 

StatisticalStatistical analysis-Tho, analyses were performed in SPSS 11.0.1 statistical package. 

Forr continuous variables we wil l present means (  SD). The differences between the 

twoo groups were calculated by conditional logistic regression, to account for the 

matchingg of the patients and controls. Age was used as a continue variable. 

Results s 

PatientPatient characteristics- During the study period between 1 June 2001 and 31 December 

2002,, 33 patients with a spontaneous deep intracerebral bleeding over 40 years of age 

weree admitted to our hospital. Six patients died before a MRI scan was performed, 9 

patientss were referred to another hospital before a MRI was made. For 3 patients the 

MRII  was impossible to evaluate. Finally, for two patients we were not able to find a 

matchedd control. Therefore, 13 patients were left with a MRI that could be evaluated. 

Thee characteristics of the patients with a spontaneous deep intracerebral bleeding and 

thee Parkinson controls are listed in Table I. Patients with an intracranial bleeding were 

slightlyy older, although not significant (57 versus 54; p = 0.4). A history of 

hypertensionn was more prevalent in patients with a spontaneous intracerebral bleeding 

(777 versus 15%; p = 0.03). Furthermore, more patients with an intracerebral bleeding 
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Agee (years, mean  sd) 

Malee sex (%) 

Hypertensionn (%) 

Diabetess mellitus (%) 

Alcoholl  user (%) 

Currentt smoker (%) 

Sitee of the bleeding 

CC erebel lar/brai nstem 

Thalamus/basall  ganglia 

Hemosiderinn deposition 

Yes s 

Cases s 

(N=13) ) 

57  10 

77 (54%) 

10(77%) ) 

4(31%) ) 

2(15%) ) 

66 (50%) 

11 (8%) 

12(92%) ) 

99 (69%) 

Controls s 

(NN = 20) 

544 8 

10(50%) ) 

33 (15%) 

00 (0%) 

2(11%) ) 

44 (22%) 

— — 
— — 

11 (5%) 

P-value e 

0.40 0 

— — 
0.03 3 

0.38 8 

1.00 0 

0.23 3 

0.002 2 

Tablee I: Overall characteristics of the patient population 

hadd a history of diabetes mellitus (31% versus 0%; p = 0.38). Sixty-nine percent of the 

patientss with a deep intracerebral bleeding had one or more micro-bleed. For the 

controlss this value was 5% this difference was statistically significant (p = 0.002). 

Discussion n 

Inn this study we show that micro-bleeds are similarly prevalent in relatively young 

patientss with a hemorrhage in the deep regions of the brain in comparison with series in 

olderr patients of which a large proportion had lobar hematoma's. The prevalence of the 

micro-bleedss varied in these other studies between 54% and 71%.1°8-190 

Mostt spontaneous intracerebral hemorrhages are either caused by degenerative 

changess in small perforating vessels or by cerebral amyloid angiopathy. Hemorrhages 

causedd by degenerative changes are often found in deep regions of the brain: basal 

ganglia,, thalamus, cerebellum and brainstem. In contrast, in cerebral amyloid 

angiopathy,, the hemorrhages usually occur at the border between white and grey 

matter.. 187 |n patients with lobar hemorrhages, MRI may give a clue to the diagnosis 

off  amyloid angiopathy by showing evidence of previous punctate hemorrhages. 191 By 

selectingg patients with spontaneous hemorrhages in the deep regions of the brain, the 

meann age of the patients will be lower than in a study of patients in which both deep 
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andd lobar hematoma's are included. The expectation is that patients who present with 

lobarr hematoma's more often have amyloid angiopathy than patients with hematoma's 

inn the deep regions of the brain and the patients with amyloid angiopathy are usually 

oder.. Since we selected patients with hematoma's in the deep regions of the brain and 

becausee our patients were younger, we probably included less patients with amyloid 

angiopathyy than in the other series. We therefore expected to find a considerably lower 

frequencyy of micro-bleeds in our patient group. However, we found a relatively high 

frequencyy and therefore it is not to be expected that a larger study wil l show much 

differencee between patients with lobar hematoma's and those with hematoma's in the 

deepp regions of the brain. 

Thee observation that patients at a relatively younger age often have micro-bleeds, is 

potentiallyy very important for patients treated with vitamin K antagonists and other 

meanss of anticoagulation therapy, like platelet function inhibitors. Since patients with 

degenerativee changes in small vessels of the brain often have generalized vascular 

pathologyy they have a high chance to be treated with antithrombotic therapy. These 

patientss may be at high risk of developing large symptomatic hematoma's instead of 

asymptomaticc micro-bleeds. However, if this were true we would expect a larger 

proportionn of patients over 50 years of age who are on antithrombotic treatment to 

developp symptomatic intracranial bleeding. Therefore, the question is not why patients 

onn antithrombotic treatment for generalized vascular pathology develop intracerebral 

hematoma'ss but why so few patients have this serious complication. 
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Chapterr  1 constitutes a short introduction of the history of the different 

antithromboticc drugs discussed in this thesis: vitamin K antagonists, low-molecular-

weightt heparins and aspirin. Furthermore, the outline of the thesis is discussed. In 
Chapterr  2 we concluded that there appears to be variation in efficacy and safety among 

thee currently available low-molecular-weight heparin preparations. However, this 

differencee appears not to be significant in the treatment of patients with venous 

thromboembolism.. Chapter  3 deals with the question whether secondary prevention of 

recurrentt venous thromboembolism with low-molecular-weight heparins is as safe and 

effectivee as treatment with vitamin K antagonists. The conclusion was that although, 

thee LMWH compounds are possibly at least as effective as VKA in preventing 

symptomaticc VTE after an episode of symptomatic deep venous thrombosis, these 

drugss are more expensive than VKA and therefore not the treatment of choice for the 

long-termm treatment of the disease. However, in some patient categories, especially 

thosee in geographically inaccessible areas, those reluctant to visit the thrombosis 

servicee regularly, or with contraindications to VKA, LMWH may be a safe alternative. 

Thee design of the FACTORS-study (FACTors in ORal anticoagulant Safety) is 

presentedd in Chapter  4. This study was designed to further investigate the key 

complicationn of treatment with VKA: bleeding. From the databases of the Thrombosis 

Servicess of Amsterdam and Leiden in The Netherlands we included in total 110 

patientss who had experienced a major bleeding complication and 220 controls, matched 

forr indication of treatment, age, gender, type of anticoagulant used and whether or not 

treatmentt with VKA was stopped. DNA and plasma was stored for all cases and 

controls.. The first results of the FACTORS-study stipulate that s-TM levels may be a 

strongg risk indicator for bleeding. Furthermore, three novel mutations, determined by 

directt sequencing, in the gene portion encoding the propeptide of factor IX were 
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identifiedd that do not seem to play an important role in bleeding risk during treatment 

withh VKA . In Chapter  5 we describe the results of several overall coagulation assays 

thatt were performed in the cases and matched controls of the FACTORS-study. Global 

coagulationn tests such as the prothrombin time, activated partial thromboplastin time, 

andd thrombin generation time did not reveal isolated coagulation factor deficiencies in 

thee cases. The overall in vivo coagulation activity, measured as F ^ levels, was higher 

inn the cases, in particular when VKA treatment was continued. Increased fibrinolytic 

activity,, measured as D-dimer levels, was also observed in the cases, in particular 

duringg VKA treatment. Furthermore, elevated levels of von Willebrand factor antigen 

andd E-selectin, indicating endothelial activation, were found in cases. On the basis of 

thesee results, we concluded that specific deficiencies in coagulation factors were not 

present,, but that the overall coagulation activity, expressed as F1-2 levels, appeared to 

bee lower in the cases whilst fibrinolytic activity was higher. Endothelial injury was also 

aa candidate determinant of bleeding during VKA treatment. The second spin-off of the 

FACTORS-studyy is described in Chapter  6. In this chapter we describe a study of two 

polymorphismss (Ile359Leu and Argl44Cys) in the cytochrome P-450 2C9 (CYP2C9) 

protein,, the principal enzyme responsible for the metabolism of the VKA' s 

acenocoumaroll  and phenprocoumon. We concluded that patients carrying the 

Ile359Leuu polymorphism required a lower maintenance dose of vitamin K antagonists 

too reach the target INR, and a significantly lower therapeutic quality of treatment for 

thesee patients in the acenocoumarol treated group was observed. However, carriership 

off  either of these polymorphisms did not influence the bleeding risk. In Chapter  7 five 

polymorphismss involved in platelet function and clot stability or enhanced fibrinolysis, 

i.e.. Gpla C807T, GpIIIa PLA,/A2, PAI-1 4G/5G, TAFI Thr325Ile, and FXIII A 

Val34Leu,, were analyzed in order to answer the question whether these adnormalities 

modifiedd the risk of bleeding during VKA treatment. We concluded that, with the 

possiblee exception of the PLA!/A 2 variant in the Gp Ilia, these polymorphisms did not 

appearr to have any effect on the bleeding risk during treatment with VKA . 

Inn Chapter  8 we investigated in a large Thrombosis Service in the Netherlands, 

whetherr treatment with VKA is indeed stopped when the indication for this treatment is 

noo longer present. The conclusion of this chapter was that only a small proportion of 

patientss was treated with long-term VKA therapy without a valid indication for this 

medicationn after one year of follow-up. 
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Inn Chapter  9 we investigated whether the indication for VKA treatment was also a 

determinantt for bleeding during VKA treatment. For this purpose we compared patients 

treatedd with VKA for atrial fibrillation or VTE. In conclusion, we did not observe a 

differencee between the bleeding risk for patients who received VKA for VTE or atrial 

fibrillation.. These results suggest that a prothrombotic state did not protect against 

bleedingg complications during VKA treatment. 

Inn Chapter  10 we investigated intracranial bleeding, a devastating complication, 

withh a high morbidity and mortality, of any type of anticoagulant therapy. The aim of 

thiss study was firstly to investigate the outcome of intracranial hemorrhages in patients 

onn VKA compared to patients not using this treatment and secondly what treatment 

measuress were taken in the acute phase and whether there is room for improvement. In 

conclusionn we found a high mortality rate of spontaneous intracranial hemorrhages 

especiallyy in patients treated with antiplatelet therapy. Further studies are needed to 

investigatee whether the mortality of patients on antiplatelet therapy who present with 

intracraniall  hemorrhage can be reduced by specific treatment in the acute phase, e.g. 

platelett transfusion. 

Finally,, in Chapter  11 we investigated the T2*-weighted gradient echo Magnetic 

Resonancee Imaging (MRI)-technique, used to identify hemosiderin deposits in the 

brain.. These so-called micro-bleeds are indicative of previous asymptomatic bleedings. 

Inn this matched case-control study including patients with a spontaneous intracranial 

bleedingg and age and sex matched Parkinson controls, we found that the prevalence of 

thee micro-bleeds was significantly higher in patients with a spontaneous intracerebral 

bleedingg as compared to controls. This observation may be of interest, especially when 

treatmentt with anti-thrombotics is considered in patients with generalized 

atheroscleroticc vascular disease. 
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Hoofdstukk 1 beschrijft dat de verschillende soorten antistollingsmedicijnen, 

vitaminee K antagonisten (VKA) , laag-moleculair-gewichts heparinen (LMWH) en 

aspirine,, die worden besproken in dit proefschrift al vele decennia worden gebruikt en 

datt er veel ervaring is met de behandeling van verschillende ziekten met deze 

middelen. . 

Inn Hoofstuk 2 hebben we onderzocht of er verschillen zijn in de effectiviteit 

(voorkomenn van nieuwe trombosebenen en longembolien) en veiligheid (aantal ernstige 

bloedingen)) van de verschillende LMWH die gebruikt worden voor de behandeling van 

trombosebenenn en longembolien. De conclusie is dat er wel enige variatie bestaat 

tussenn de verschillende LMWH maar dat er geen belangrijke verschillen bestaan die de 

keuzee voor een speciale LMWH rechtvaardigen. In het volgende hoofdstuk (Hoofdstuk 

3)) werden LMWH en VKA vergeleken wat betreft effectiviteit en veiligheid bij de 

langdurigee behandeling van trombosebenen. Tot op heden is het zo gaat men na 

minimaall  vijf dagen behandeling met LMWH over op VKA voor de duur van de rest 

vann de behandeling van het trombosebeen en longembolie (3 tot 6 maanden). Deze 

behandelingg is voor de patiënt belastend omdat het voor de veiligheid van de patiënt 

noodzakelijkk is dat er regelmatig een zogenaamde INR (International Normalized 

Ratio)) wordt bepaald. Dit om de "verdunning" van het bloed niet te sterk ofte weinig te 

latenn zijn. In Nederland wordt deze controle door de trombosediensten gedaan. 

Daarvoorr gaan patiënten regelmatig naar de polikliniek van de trombosedienst wat vaak 

belastendd is. Het grote voordeel van de LMWH is dat ze een maal per dag onder de 

huidd kunnen worden toegediend door de patiënt zelf en dat er geen controles van 

bloedwaardenn nodig zijn. Onze conclusie is dat hoewel LMWH even veilig en mogelijk 

zelfss iets veiliger en effectiever zijn dan VKA , ze wel duurder zijn en daarom alleen in 
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bepaaldee patiëntengroepen bij de langdurige behandeling van trombosebenen, zoals 

patiëntenn die afgelegen wonen, mensen die niet naar de trombosedienst willen komen 

off  patiënten met contra-indicaties voor VKA mogelijk een goede vervanging zijn. 

Eenn belangrijk deel van het proefschrift beschrijft de eerste resultaten van de 

FACTORS-studiee - wat een acroniem is voor FACTors in ORal anticoagulant Safety. 

Hett doel van de studie was te zoeken naar mogelijke (genetische) risicofactoren die 

bloedenn tijdens de behandeling met vitamine K antagonisten kunnen verklaren. We 

hebbenn in het bijzonder gezocht naar die risicofactoren die weinig of niets met de INR 

tee maken hebben. De opzet van de studie en enkele eerste resultaten worden besproken 

inn Hoofdstuk 4. In totaal hebben 110 patiënten (cases) met een bloeding aan het 

onderzoekk meegedaan die onder behandeling zijn of waren geweest bij de 

trombosedienstenn van Leiden of Amsterdam. Daarnaast hebben we 220 controles 

geïdentificeerdd die geen bloeding hadden doorgemaakt. Deze controles komen overeen 

watt betreft leeftijd, geslacht, indicatie voor behandeling met vitamine K antagonisten. 

Daarnaastt is ervoor gezorgd dat cases en bijpassende controles overeenkomen wat 

betreftt de status van de behandeling (gestopt versus niet gestopt). Het zoeken naar 

controless die behalve de bloeding eigenlijk zeer veel op elkaar lijken wordt ook wel 

matchingg genoemd. De eerste resultaten laten zien dat er mogelijk meer bloedvatschade 

iss bij de cases (gemeten door middel van de spiegels van trombomoduline een eiwit dat 

wordtt gebruikt als een maat voor bloedvatschade). Daarnaast blijkt dat bepaalde fouten 

inn een belangrijk stollingeiwit (Factor IX) niet voorkomen in onze cases in vergelijking 

mett de controles. De eerste observatie was een bevestiging van wat al bekend was in de 

literatuurr en de tweede observatie laat zien dat de eerder beschreven afwijkingen niet 

zeerr frequent zijn. We beschrijven in Hoofdstuk 5 dat er waarschijnlijk minder 

stollingcapaciteitt (nakijken) is in de patiënten die een bloeding hebben ondergaan in 

vergelijkingg met de controles. Daarnaast lijk t er eveneens meer fibrinolyse te zijn in de 

cases.. Fibrinolyse is het proces dat de afbraak van het door de stolling gemaakte stolsel 

reguleert.. Dit is van belang voor ons begrip omdat meer afbraak van een stolsel bij de 

casess en een verhoogde kans op een bloeding verklaart. Ten slotte is er ook in dit deel 

vann de studie opnieuw gevonden dat er meer bloedvatschade lijk t te bestaan bij de 

casess (gemeten aan spiegels van E-selectine en von Willebrandt factor). Hoofdstuk 6 
behandeltt de invloed van twee veel voorkomende varianten van een eiwit, het 

cytochroomm P-450 2C9 (CYP2C9), dat belangrijk is in de afbraak van de vitamine K 

antagonistenn die worden gebruikt in Nederland: acenocoumarol en phenprocoumon. 
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Wijj  concludeerden dat één van de varianten (Ile359Leu) een belangrijke invloed heeft 

opp de hoeveelheid medicijn die iemand nodig heeft om goed ingesteld te zijn voor de 

indicatiee waarvoor de patiënt wordt behandeld. Deze varianten lijken geen invloed te 

hebbenn op het bloedingsrisico tijdens de behandeling met vitamine K antagonisten, dit 

inn tegenstelling tot de resultaten uit eerder verricht onderzoek door andere 

onderzoeksgroepen.. Ten slotte hebben we in Hoofdstuk 7 vijf eiwitten onderzocht die 

eenn rol spelen in verschillende processen die zorgen voor een stabiel bloedstolsel. Deze 

processenn zijn de al eerder genoemde fibrinolyse of stolselafbraak, de functie van 

bloedplaatjess (deze zijn van groot belang voor voornamelijk het eerste deel van de 

vormingg van een bloedstolsel) en eiwitten van belang voor de bescherming van het 

stolsell  als het eenmaal is gevormd. Van de vij f eiwitten hebben we steeds een variant 

gezochtt die was beschreven als afwijkend ten opzichte van het normaal voorkomende 

eiwit.. Van de onderzochte eiwitten is alleen het Gplüa P LA I / A 2 een variant van een 

belangrijkk eiwit op de bloedplaatjes, mogelijk van belang bij de voorspelling van 

bloedenn gedurende behandeling met vitamine K antagonisten. 

Dee behandeling met vitamine K antagonisten wordt in Nederland uitbesteed aan de 

trombosediensten.. Deze diensten zorgen voor de instelling van de INR door op 

regelmatigee tijden de INR te bepalen. De normale gang van zaken is dat een patiënt 

wordtt aangemeld bij de trombosedienst als er een indicatie is voor de behandeling. 

Hiernaa zorgt de trombosedienst voor de instelling van de INR en de dokter die de 

vitaminee K antagonisten heeft voorgeschreven behandelt de aandoening van de patiënt 

maarr regelt niet de INR. Soms ontstaat door deze gang van zaken een probleem. Het 

komtt voor dat een patiënt bijvoorbeeld niet meer onder behandeling is bij de dokter die 

dee vitamine K antagonisten heeft voorgeschreven maar dat de indicatie voor vitamine K 

antagonistenn in de loop van de tijd niet meer aanwezig is. De trombosedienst weet niet 

alless van de patiënt en zo kan het gebeuren dat een patiënt zonder indicatie wordt 

doorbehandeldd en daarbij alle risico loopt op een bloeding maar niet de voordelen heeft 

vann de behandeling. In Hoofdstuk 8 hebben we bij een grote trombosedienst in 

Nederlandd onderzocht of de behandeling met vitamine K. antagonisten inderdaad wordt 

gestoptt als er geen indicatie meer is voor de behandeling. Dit is belangrijk omdat dit 

misschienn wel de belangrijkste manier is om complicaties te voorkomen. De conclusie 

vann dit hoofdstuk is dat slechts een zeer klein deel van de patiënten na een jaar nog 

wordtt behandeld zonder een echte indicatie voor de behandeling met vitamine K 

antagonisten. . 
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Hoofdstukk 9 besteedt aandacht aan de vraag of er een verschil is in het 

bloedingsrisicoo tussen verschillende indicaties voor vitamine K antagonisten. De 

achterliggendee gedachte is dat sommige indicaties mogelijk bescherming kunnen 

biedenn tegen bloeden, bijvoorbeeld bij mensen die worden behandeld met vitamine K 

antagonistenn voor trombosebenen of longemboliën, ofwel veneuze tromboembolie. 

Veneuzee tromboembolie wordt gekarakteriseerd door een verhoogde stollingsneiging in 

hett algemeen, dit in tegenstelling tot andere indicaties, zoals boezemfïbrilleren (een 

hartritmee stoornis) waar de verhoogde stollingsneiging alleen in het hart gelokaliseerd 

is.. Om dit te onderzoeken hebben we patiënten die worden behandeld voor veneuze 

tromboemboliee vergeleken met patiënten die worden behandeld voor boezemfïbrilleren. 

Dee conclusie van dit onderzoek is dat er geen verschil is in het bloedingsrisico tussen 

dee verschillende indicaties voor vitamine K antagonisten. 

Inn Hoofdstuk 10 hebben we hersenbloeding, de meest gevreesde complicatie van de 

behandelingg van alle antistollingsmedicijnen onder de loep genomen. 

Hersenbloedingenn hebben een grote morbiditeit (ziektelast) en mortaliteit (sterfte). We 

hebbenn onderzocht hoe het uiteindelijk gaat met patiënten die worden opgenomen in 

hett AMC met een hersenbloeding en wat de normale behandeling is van deze patiënten. 

Daarnaastt hebben wij ons afgevraagd of er ruimte is voor verbetering van de 

behandeling.. Een hersenbloeding tijdens behandeling met vitamine K antagonisten 

wordtt algemeen beschouwd als een complicatie met een zeer slechte prognose. Tot 

onzee verrassing bleek echter dat patiënten die werden opgenomen met een bloeding 

tijdenss het gebruik van aspirine veel slechter af waren dan de patiënten die vitamine K 

antagonistenn gebruikten of patiënten die helemaal geen antistollingsmiddelen 

gebruiken.. Deze twee laatste groepen verschillen zelfs niet in prognose. In verder 

onderzoekk zal moeten worden onderzocht of patiënten die zich presenteren met een 

hersenbloedingg tijdens therapie met aspirine beter af zijn als er meer aandacht wordt 

besteedd aan het neutraliseren van het effect van deze middelen, door middel van 

bijvoorbeeldd transfusie van plaatjes. 

Tenn slotte Hoofdstuk 11, in dit hoofdstuk hebben we een nieuwe techniek 

onderzochtt die de laatste jaren van grote waarde is gebleken bij het onderzoek van het 

brein,, Magnetic Resonance Imaging (MRI). Deze techniek maakt gebruik van 

verschillenn in watergehalte van de verschillende weefsels doormiddel van magnetisme. 

Eenn speciale techniek van de MRI (de T2*-weighted gradient echo) wordt gebruikt om 

hemosiderinee deposities (ijzer afzettingen) zichtbaar te maken. Deze deposities 
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verradenn zogenaamde micro-bloedingen en dit zijn eigenlijk oude hersenbloedingen die 

geenn symptomen hebben gegeven. In deze studie hebben we patiënten met een 

symptomatischee hersenbloeding (een bloeding die uitvalsverschijnselen gaf) 

vergelekenn met een groep patiënten die een MR1 hadden ondergaan voor een andere 

neurologischee ziekte, de ziekte van Parkinson. We hebben gevonden dat het voorkomen 

vann de micro-bloedingen hoger was bij de patiënten met een hersenbloeding in 

vergelijkingg met de patiënten met Parkinson. Dit is een belangrijke bevinding vooral als 

err behandeling met antistollingsmiddelen wordt overwogen bij patiënten met 

gegeneraliseerdee aderverkalking (de hemosiderine deposities komen vaak voor bij 

aderverkalking),, daar de hemosiderine deposities mogelijk een verhoogde kans geven 

opp een hersenbloeding tijdens de behandeling met vitamine K antagonisten. Dit moet in 

naderr onderzoek wordt vastgesteld. 
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Abstract t 

Needlee stick accidents continue to be a hazard for healthcare workers. We report the 

developmentt of acute hepatitis C infection in a physician after needle stick injury. 

HCV-RNA,, seroconversion and a raised plasma ALA T level were found in plasma 3 

monthss after the accident. Treatment with interferon-a and ribavirin was started. While 

onn treatment, HCV-RNA test results from plasma taken the day the treatment was 

startedd became available. HCV-RNA was undetectable by quantitative bDNA assay, 

undetectablee by qualitative PCR and undetectable by TMA. Obviously a dilemma arose 

att this point in time, either to stop therapy or to continue the planned therapy. The 

physiciann decided to continue a 24 week course of treatment. Six months afterward the 

endd of the treatment the physician was still HCV-RNA negative with a normal ALA T 

levell  in the plasma. The rationale of the decision to continue therapy is discussed. This 

informationn may be useful for clinicians confronted with a similar dilemma. 

Introductio n n 

Thee overall rate of HCV transmission after a needle stick accident with hepatitis C 

viruss (HCV) positive blood ranges from zero to about 10%. If an acute hepatitis C 

infectionn is established, only 15-40% of persons wil l clear the HCV-RNA spontaneous 

andd thus a substantial number wil l become chronically infected. 192 There have been 

severall  reports of acute hepatitis C infection after HCV contaminated needle stick 

injuriess in healthcare workers.'93-195 §0 far there is no effective method, (no post 

exposuree prophylaxis, no vaccine), to prevent HCV infection in anyone who 

experiencess a HCV contaminated needle stick accident J 96 A recent study showed that 

earlyy treatment of acute HCV infection, with induction therapy of 5 MU interferon-a 

(IFN)) daily for the first 4 weeks, followed by 5 MU IFN three times a week for another 

200 weeks induced a sustained virological response (SVR) in 98% of patients, with the 

remarkablee finding that the response to treatment was not influenced by the viral 

genotype.. 197 j n m e treatment of chronic hepatitis C infection, only genotype 2 and 3 

patientss achieve a SVR of 80%> after 1 year of treatment with Peg-IFN and ribavirin, 

whereass about 40% of patients with genotype 1 and 4 wil l achieve a SVR. 198 We 
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reportt a case of an acute HCV infection following a needle stick injury in a physician 

whoo decided to give himself maximal chances to clear the virus. 

Casee report 

AA 28 year-old physician sustained a needle stick injury on 27 February 2000 with a 

needlee contaminated by blood from a 49 year-old, HIV negative, haemophilia patient. 

Thiss patient was chronically infected with HCV and had never received antiviral 

treatment.. He was infected with HCV genotype la (TruGene™ HCV Genotyping 

Assay,, Visible Genetics Inc., Toronto, Canada) and had a viral load of 7 x 10" IU/mL 

(VERSANT™™ bDNA 3.0 assay [linear range 520-8.3 x 106 IU/mL], Bayer Diagnostics, 

Berkeley,, CA) in a blood sample drawn at the time of the accident. While the 

physician,, who sustained the needle stick injury, had a normal plasma ALAT level 

(upperr limit of normal (ULN) 45 U/L) and his plasma was negative for antibodies to 

HCVV (third generation assay EIA 3.0, Abbott Laboratories, Chicago, 111) and negative 

forr HCV-RNA (HCV 2.0 qualitative test [lower detection limit 50 IU/mL], Roche 

Molecularr Systems, Branchburg, NJ). Approximately 1.5 months after sustaining the 

needlee stick injury, he had noticed jaundice just for one day and he had experienced a 

veryy short period of fatigue, but due to workload he had ignored the symptoms. 

Anotherr 1.5 months later on June the 5th of 2000, a next blood sample drawn from the 

physiciann (according to the needle stick injury protocol in our hospital) was positive for 

qualitativee HCV-RNA, (genotype la) and antibodies to HCV. The HCV-RNA load in 

thiss sample was below the detection limit of the bDNA 3.0 assay (< 520 IU/mL) and 

thee plasma ALAT level was normal. The following blood sample drawn on June the 

19thh contained an HCV-RNA viral load of 5.1 x 104 IU/mL (by bDNA) and the plasma 

ALATT level was now 93 U/L. He was asymptomatic at that time. After deliberation the 

physiciann opted for therapy and treatment started on the 10th of July, 4.5 months after 

thee needle stick. The treatment regimen was a one week induction course of IFN 3 MU 

sc.. 3 times daily in combination with 1200 mg ribavirin daily, followed by IFN 3 MU 3 

timess per week in combination with 1200 mg ribavirin per day for subsequent 23 

weeks.. At the start of the induction period the ALAT level was normal. At the end of 

thiss period the ALAT level was just above the ULN. Shortly hereafter the result of the 

analysiss of a blood sample drawn at the start of the induction treatment became 

availablee and showed that HCV-RNA was undetectable by bDNA and qualitative PCR. 
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Whenn retested with TMA (VERSANT™ TMA assay [lower detection limit 50 IU/mL] , 

Bayerr Diagnostics, Berkeley, CA), HCV-RNA was also not detectable. Despite these 

findingss the physician decided to complete the 24 week treatment schedule to 

maximizee the chance of inducing a sustained virological response and hence, 

preventingg a chronic HCV infection. The plasma ALA T level normalized during the 

secondd week of treatment and remained normal throughout the remainder of the 

treatmentt period and during the entire follow-up period of 6 months. HCV-RNA 

remainedd undetectable during treatment, at the end of the treatment and at the end of 

follow-up.. Antibodies to HCV decreased by EIA 3.0 during this period. Results of the 

recombinantt immuno blot confirmatory test (SIA, RIBA 3.0, Chiron Corp., Emeryville, 

CA)) were positive for NS3 and NS4 throughout this period, decreased for NS5, but 

remainedd negative for antibody responses to Core. During the induction treatment the 

patientt experienced muscle pain and a short period of fever. At the end of the induction 

weekk the physician had general malaise and experienced difficulties in doing his 

routinee work in hospital wards. After the reduction of the IFN schedule to three times a 

week,, treatment was well tolerated, only a slight fall in haemoglobin level was noticed 

andd he lost no time from work. The physician was, however, aware of an increasingly 

depressivee mood during treatment. 

Discussion n 

Approximatelyy four and a half months after a needle stick injury a physician started 

treatmentt for an acute hepatitis C infection. The decision for treatment was based on a 

risingg HCV-RNA viral load, from <520 to 5.1 x 104 IU/mL (genotype la) and a rising 

ALA TT level to 93 U/L within a period of 2 weeks. While on treatment, he was 

confrontedd with the situation that the HCV-RNA was undetectable by TMA (5 IU/ml), 

thee day the treatment started. So what to do? 

Stopp the treatment because apparently the infection was already spontaneously 

resolvingg and avoid the potentially adverse effects and spare the costs of the 

combinationn therapy. Or continue the medication as scheduled. 

InIn favour of continuing therapy was the fact that in the first months of infection 

HCV-RNAA levels may fluctuate considerably and HCV-RNA may be even 

undetectablee at some time point J 99,200 Thus, one negative HCV-RNA test does not 

excludee an ongoing infection. However, the patients in the above mentioned studies 
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weree all tested with quantitative assays with a cut-off much above the 5 lU/mL of the 

TMAA test. As the physician wanted to have the maximum chances in preventing the 

developmentt of a genotype 1 chronic hepatitis C infection, he decided to continue the 

medication.. Till now he is HCV-RNA negative by TMA test. 

Wee have changed our policy since this case report. As HCV-RNA can become 

detectablee 7 to 21 days after exposure.201? We decided that 2 weekly blood samples 

mustt be obtained following a known HCV contaminated needle stick injury, and tested 

withh a TMA test for HCV-RNA at least during the first 3 months after the injury. We 

advicee to start antiviral therapy for 24 weeks immediately after HCV-RNA is detected. 

Inn view of the results obtained by Jaeckel et al. with 1FN monotherapy,'97 m e choice 

iss PEG-Interferon monotherapy. Every healthcare worker must have the maximal 

chancee to clear the hepatitis C virus as soon as possible, with a wait and see policy for a 

couplee of months, they will become a victim of calculation of probabilities. 
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Ondertussenn heb ik al zoveel verschillende eerste zinnen van een dankwoord gezien 

inn de jaren in het AMC dat ik geen eerste zin meer kan bedenken. In de loop van de 

jarenn onderzoek doen en tijdens het schrijven van een proefschrift komen er zeer veel 

mensenn op je pad die allemaal een belangrijke taak hebben in de opleiding tot 

onderzoekerr of bij de hulp om alles tot een goed einde te brengen. 

Allereerstt mijn ouders, Els en Ed, julli e zeer belangrijk als voorbeeld ten over hoe je 

inn het leven hoort te staan. Zoals het een van der Heijden betaamd laat ik dat volgens 

mijj  te weinig merken. Het voordeel van zo'n boekje is dat ik het nu maar voor eens en 

voorr altijd op papier kan zetten. Zonder julli e steun op de achtergrond en discussie 

avondenn was ik niet gekomen waar ik nu ben. 

Lievee Rob, broertje, je zet mij weer op beide benen neer als ik weer probeer verder te 

komenn in studie en werk. Ik denk dan altijd weer aan jou en hoe je de zaak op een rijtje 

hebtt zoals, werk waar je van hebt gedroomd. Helen, en twee schatten van kinderen, 

Annee en Stijn. Je bent mijn paranimf als erkenning voor al deze zaken, veel succes met 

dezee belangrijke taak. 

Dann de promotoren en co-promotor, Hooggeleerde Vermeulen, Reitsma en Büller, 

bestee Rien, Pieter en Harry, ik denk met zeer veel plezier terug aan onze (meestal 

woensdagg tussen de middag) besprekingen over de "voortgang van het boekje" je merk 

dann toch hoe belangrijk het is om eens rustig met elkaar wat te filosoferen over het 

onderzoek.. Een ander zeer te waarderen kenmerk van julli e alledrie is de altijd 

openstaandee deur voor die ene vraag of probleem dat door een baas dient te worden op 

gelost,, dank daarvoor. 

All ee leden van de commissie bedankt voor het doorspitten van het proefschrift en de 

behulpzamee opmerkingen. 

Ikk zal de loop van het proefschrift maar aanhouden om zo min mogelijk mensen te 

vergeten.. Hooggeleerde Prins, beste Martin, dank datje in mijn commissie plaats wilde 
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nemen.. De artikelen die wij samen hebben gemaakt waren zeer leerzaam voor mij als 

artss zonder achtergrond in de statistiek. Beste Barbara, we hebben een kamer gedeeld 

opp de KEB daar is toch wel een soort van prettige band van gebleven hoewel ik naar F4 

benn "weggepromoveerd". Dank voor je hulp met de toch zeer speciale statistiek die we 

moestenn gebruiken voor de verschillende studies en ik hoop dat ons artikel in een mooi 

bladd terecht komt. Ik bewonder jou om je vermogen om zaken te plannen en van alles 

tegelijkk te doen. 

Eenn belangrijk deel van dit boekwerk is de FACTORS-studie. Deze studie is een 

samenwerkingsverbandd met de trombosediensten van Leiden en Amsterdam. Allereerst 

gaatt mijn dank uit naar de twee mensen die daar de baas zijn, Felix van der Meer en 

Maryy Remkes. Ik dank julli e voor de gastvrijheid die julli e mij hebben gegeven om de 

noodzakelijkee zaken te regelen. In een later stadium heb ik julli e kritische blik over 

mijnn artikelen zeer gewaardeerd. 

Dee FACTORS-studie had niet bestaan als Belia niet op mijn weg was gekomen. Ik 

kann mij het sollicitatiegesprek nog levendig voor de geest halen. Ik vond je nogal 

overgekwalificeerdd en was bang dat je snel weer zou vertrekken. Niets was minder 

waarr ji j bent de enige die al de patiënten heeft gezien en met ze hebt gesproken en 

bloedd hebt afgenomen. Je grote prikervaring was een voordeel en je hebt van 99.9% 

vann de mensen ook werkelijk bloed in de vriezer gekregen. Ik mis je nog steeds wel 

eenss als er weer zaken geregeld moeten worden. Jij blijf t voor mij een lichtend 

voorbeeldd hoe je je zaken voor je zelf op een rijtje moet krijgen en houden. 

Eenn aantal studenten heeft mij geholpen met verschillende studies: Arko (je bent al 

cardioloog,, volgens je Makro-pasje), Steven, Paolo, Olivier, Mark en Mathijs. 

Dee onderzoekingen hebben mij op veel verschillende plekken gebracht. Om te 

beginnenn met de Vasculaire Geneeskunde. Een deel van mijn tijd heb ik gebruikt om 

meerr te leren over de stolling, dienst overdag en ook in de nacht, samen met een groot 

aantall  collega stollingsartsen en promovendi: Roderick (wat een bron aan ideeën), 

Bernt-Jan,, Suzanne, Philip als oude lichting en Ivan (heb veel geleerd van je 

doorzettingsvermogen),, Marije (ik heb onze discussies de laatste tijd toch wel gemist), 

Nickk (of is het Niek?), Clara, Maaike (ik geniet nog altijd van je directheid), Dahlia 

(jouww achternaam zal voor mij altijd onuitspreekbaar blijven) en de nieuwe lichting 

Anjaa en Saskia. Marnix (opper Vasculist en eeuwige optimist) waar hoor ji j nou bij? 

Kamergenoten:: Allereerst Pernette (eindelijk je geluk gevonden) en Saskia (snelle 

promovendus).. Toen deze twee weggingen naar een kamer met uitzicht, kwam en ging 
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Daann (ik hoop dat je een nog grotere boot gaat maken) en later Roel (paranimf) en 

Tymenn (nieuwe stollingsarts) zodat het trio weer compleet was. De discussies over 

onderzoekk en het bijpraten over de nieuwe zaken die gebeurden in het leven hebben mij 

zeerr veel goed gedaan. 

Anderee promovendi bij de Vasculaire Geneeskunde: Angelique en Greetje, 

(voorgangerss in het promoveren), Sanne (film koning), Marjel (we moeten nodig weer 

eenss een hapje gaan doen), Kees, Radjesh, Melchior, Emily, Jessica, Max, Raaj, Rakesh 

(dankk voor het overnemen van mijn poli). 

Promovendii  daar buiten: Matthijs (succes in Engeland, maar volgens mij dwing ji j je 

gelukk zelf af), Arno (promoveren en trouwen het houdt niet op). 

Dee mensen waar ik stolling en later lipiden van heb geleerd: Rianne (ik hoop datje 

hett naar je zin hebt in je nieuwe leven), Saskia (waar haal ji j toch al die tijd vandaan?) 

Erikk (altijd enthousiast en in voor nieuwe dingen), Mieke en ten slotte Marcel (van jou 

leerr ik nu ook de Interne Geneeskunde zelf)-

Dann belangrijke personen voor de gezelligheid en het stroomlijnen van onderzoek, 

dee TRAILNURSES. Allemaal bedankt, een speciale vermelding toch voor Liesbeth 

(hardee werker) en Trees. 

Hett Vaatcentrum: De vaatlaboranten (oud en nieuw), Johan, Diane, Ineke, Leo en de 

promovendi:: Jurgen (toch nog in opleiding, ik moet ons gezamenlijke stuk toch eens 

opschrijven)) en Steven (jij wordt een heel goede psychiater). 

Laboratoriumm voor Experimentele Inwendige Geneeskunde: Iedereen bedankt! Een 

aantall  wil ik er noemen. Om te beginnen "de groep van Pieter", Arnold, Benien (nog 

steedss kom je wel eens een doosje met je naam erop tegen, we moeten toch echt weer 

eenss afspreken), Janneke, Hanneke, Janine, Willeke, Saskia (met je onuitputtelijke 

paratee kennis), Dirkje (succes met het zeer jaar 2004), Lois, Sjoukje, Martijn, Hugo en 

Maarten.. Sander, Henri V., Cathrien, Tom, Jantine, Silvia, Henri B. bedankt voor het 

opnemenn van de telefoon, ik waardeer het zeer dat ik niet vaak wordt uitgescholden. 

Eenn speciale vermelding voor de analisten waar ik tijdens mijn onderzoek mee te 

makenn heb gehad: Angelique en Esther (wij kennen elkaar nog van de Gl tijd en ik 

hoopp dat dit nog een aantal jaren extra mag zijn) en natuurlijk ook Hella. Jullie staan 

altijdd klaar, zelfs voor een arts, dank daarvoor. 

Ikk ben mijn laboratorium werkzaamheden begonnen op Gl op een deel van wat later 

zouu worden het Laboratorium voor Vasculaire Geneeskunde in de eerste jaren geleidt 

doorr Bram van de Ende en later door Joost Meijers (klopt de naam van het lab nou?). 
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Uitt deze tijd zijn een aantal mensen overgebleven waar we nog steeds af en toe naar de 

Zottee gaan (wanneer gaan we nou eens allemaal Rochefort 10 drinken?) en nu ook wel 

eenss een ander etablissement en natuurlijke Paleyrac: Anke, Karin, Stefan, Alinda, 

Jeroenn en Inge. Ik wil even de aandacht vestigen op twee personen: Jorge (ik wil niet 

meerr met je mee naar Ajax) en natuurlijk Jan (toch de mooiste vrouw van het lab). 

Eenn groot deel van de tijd heb ik doorgebracht op de ATAL en Trombosedienst 

Leidenn in mijn zoektocht naar patiënten, alle mensen die mij daar gastvrijheid en koffie 

hebbenn gegeven en geholpen met het aanschrijven van de patiënten mijn dank is groot 

enn ik hoop nog veel succes en waarschijnlijk spreken we elkaar nog wel eens. 

Eenn studie is niet tot een volledig einde is gekomen maar toch wil ik iedereen die 

zichh voor deze studie (de FACTORS-studie, zoals deze studie heette) heeft ingezet 

bedanken.. Cardiologen (in het bijzonder Rob de Winter), arts-assistenten en 

verpleegkundigenn van de afdeling cardiologie op het AMC, inwendige geneeskunde 

vann het Slotervaart Ziekenhuis en de cardiologen van Ziekenhuis Amstelveen. 

Dann de beste paarden van stal lieve vrienden ik heb julli e een beetje boel 

verwaarloosdd en wil dat in de komende tijd weer goed maken: Minse (wanneer gaan we 

naarr Australië?), Gerben (volgend jaar weer skiën?), Wanda (nu jij!!) , Daan de W (je 

wordtt vast een goede vader), Arjan (wanneer kom je weer naar de bewoonde wereld?) 

enn Maarten-Paul (eindelijk dan chirurgie en succes met het afronden van je promotie) 

Tenn slotte, lieve Carina, je hebt mijn stellingen gehaald. Ik denk dat dat genoeg zegt. 
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Stellingenn behorend bij het proefschrift 

Riskk factors for  bleeding durin g treatment with antithrombotic s 

1.. Laag-moleculair-gewichts heparinen zijn onderling uitwisselbaar, zolang de juiste 
doseringg wordt aangehouden (dit proefschrift). 

2.. Patiënten met een bloeding tijdens de therapie met vitamine K. antagonisten stollen 
minder,, breken het stolsel snelier af en hebben een minder goede endotheel functie in 
vergelijkingg met mensen zonder bloeding (dit proefschrift). 

3.. De directe oorzaak van bloeden tijdens therapie met vitamine K. antagonisten is 
meestall  niet duidelijk (dit proefschrift). 

4.. Soms heeft een effectieve secundaire preventie maatregel een bloedige bijsmaak (dit 
proefschrift). proefschrift). 

5.. Een effectieve maatregel om de wachtlijsten te bekorten is het voorschrijven van 
medicijnenn met, voor patiënten en artsen, uitspreekbare namen. 

6.. Soms gaat een stollingsdienst in je lever zitten (Appendix). 

7.. De ultieme waarheid is ook onderhevig aan consensus. 

8.. De hoeveelheid kennis aanwezig in de wereld is recht evenredig met het aantal te 
stellenn vragen. 

9.9. De liefde van je leven vind je alleen op een laboratorium! 

10.Dee uitkomst van onderzoek is niet alleen afhankelijk van de vraagstelling! 

11 l.De realiteit is een hallucinatie veroorzaakt door een gebrek aan alcohol (filosoof in het 
toilett van de Zotte). 

12.. Een Odds Ratio van 1 komma 0 is ook van groot belang voor de wetenschap en zou 
meerr op waarde moeten worden geschat. 

11 3.Etidiumbromide is zelfs in de laatste gel noodzakelijk!! 

3030 januari 2004 JeroenJeroen van der Heijden 
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