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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. 

Introduction 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. 

47 7 



ChapterChapter 4 

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 

Mi 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 

53 3 

http://www.kcl.ac.uk/ip/petergreen/haemBdatabase.html


ChapterChapter 4 

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 

55 5 



ChapterChapter 4 

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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