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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. 

Introduction 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 
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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. 

69 9 

FACTORS-FACTORS-

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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ii i' 11 i; i ii 1.4 n m o l / L 
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11111111** ; 

NN = 6 8 N = 3 2 

C a s es s C o n t r o ls s 

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) 

t ;; 2 0 0 -

m e a nn I 4 K " 

m e a nn 1 6 6 : : 

-tt. . 

C a s es s 
HH - I 6 I N - 7 8 

CC o n t r o I s 

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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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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