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ABSTRACT T 

Background:Background: The optima! duration of oral anticoagulant therapy for patients with a first 

episodee of deep vein thrombosis is still a matter of debate. However, according to the 

ACCPP consensus strategy a limited stratification in treatment duration is advocated, i.e., 

33 months for patients with a transient risk factor and one year or longer for patients 

withh recurrent disease or a consistent risk factor like thrombophilia or cancer. This 

consensuss strategy is founded on the mean optimal duration of therapy obtained in 

largee cohorts of patients and is mainly based on the risk of recurrent venous 

thromboembolism,, with only minimal consideration for the patients bleeding risk. 

Objectives:Objectives: The aim of this study is to optimise the anticoagulant treatment strategy 

withh vitamin K antagonists for the individual patient with deep vein thrombosis. 

Methods:Methods: Based on an extensive literature study, a mathematical model was 

constructedd to balance the risk of recurrent venous thromboembolism against the risk 

off major hemorrhagic complications. The following parameters are incorporated in the 

model:: baseline estimates and risk factors for recurrent VTE and bleeding, clinical 

coursee of DVT and efficacy of treatment with vitamin K antagonists. With the use of 

thesee parameters, the risk for a recurrent VTE and a bleeding episode can be calculated 

forr the individual patient. The optimal duration of anticoagulant therapy can be defined 

ass the time point at which the benefit of treatment (i.e prevention of VTE) is 

counterbalancedd by its risk (i.e. bleeding). 

Results/Conclusion:Results/Conclusion: How long a patient should receive anticoagulant treatment is a 

matterr of balancing the benefits and risks of treatment. The model shows that the 

optimall treatment duration varies greatly from patient to patient according to the 

patient'ss unique bleeding and recurrence risk. 
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INTRODUCTION N 

Deepp vein thrombosis of the lower extremity is a frequently occurring disorder, with an 

estimatedd incidence of 2 per 1000 persons per year1. The primary objectives of treating 

patientss with venous thromboembolism (VTE) are to prevent death from pulmonary 

embolismm and to reduce the risk for recurrent thromboembolic events. For this purpose, 

patientt are treated with an initial course of heparin followed by a second phase of 

vitaminn K antagonists24. According to the ACCP consensus strategy a limited 

stratificationn in treatment duration is advocated, i.e., 3 months for patients with a 

transientt risk factor and one year or longer for patients with recurrent disease or a 

consistentt risk factor like thrombophilia or cancer5. This consensus is founded on the 

meann optimal duration of therapy obtained in large cohorts of patients and mainly 

basedd on the risk of recurrent venous thromboembolism, with only minimal 

considerationn for the patient's bleeding risk6"8. It is a well documented fact that the 

cumulativee risk of bleeding complications is determined by various risk factors. Major 

determinantss are the length of therapy and patients characteristics910. Therefore, the 

consensuss strategy has two major limitations. First, by not taking into account the 

bleedingg risk, a balanced decision on the duration of anticoagulant therapy can not be 

madee adequately. Second, decisions based on large cohorts neglect the fact that the 

riskk for bleeding and recurrent VTE are dependent on individual characteristics1112. 

Thus,, rational decisions on the optimal duration of anticoagulant therapy for the 

individuall patient require knowledge of the risk of recurrence after discontinuation of 

treatmentt and the risk of bleeding during anticoagulant therapy. Ideally, treatment 

shouldd be continued until the benefits of treatment (i.e. prevention of recurrent VTE 

events)) are offset by the risks (i.e. major bleeding), considering that each patient has an 

individuall spectrum of risk factors for recurrent events and bleeding. 

Sarasinn et al published their decision model in 199413. They compared risk-benefit 

tradeoffss for treatment durations between 6 weeks and 6 months. However, in the last 

decadee several new risk factors for recurrent VTE have been identified and new insights 

inn the risk for bleeding have become available. Therefore, we constructed a 

mathematicall model based on recent literature which can be easily applied to individual 

patientss and which balances the risk of recurrent venous thromboembolic events 

againstt the risk of haemorrhagic complications. 
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METHODS S 

Too construct a model for the individual patient, that balances the risk for recurrent 

venouss thromboembolic events against the risk for major haemorrhagic complications, 

severall parameters have to be taken into consideration, i.e.(l) baseline estimates for 

recurrentt VTE (2) risk factors for recurrent VTE and their risk estimate (3) clinical course 

off DVT (4) baseline estimates for haemorrhage and their risk estimate (5) risk factors 

forr haemorrhage during anticoagulant therapy (6) efficacy of anticoagulant therapy in 

preventingg recurrent VTE. For this purpose, a systematic review of the literature was 

performedd using a computer-assisted search in Medline and Embase database over the 

periodd 1966 to 2002. The keywords and textwords used for the search were: 

thrombosis,, venous thrombosis, thromboembolism, pulmonary embolism, risk factor, 

warfarin,, oral anticoagulants, bleeding, haemorrhage, thrombophilia, recurrence, 

treatment,, therapy. The reference lists of all retrieved articles were screened to identify 

additionall papers. 

Too obtain a solid baseline estimate for the incidence of recurrent VTE, studies were 

consideredd eligible when they included a cohort of patients in which all known 

thrombophilicc conditions were excluded. To obtain baseline estimates for major 

haemorrhagee during oral anticoagulant therapy, studies which made reference to the 

incidencee of major bleeding in the thromboembolic population were evaluated. For the 

identificationn of significant risk factors for recurrent VTE as well as bleeding during 

anticoagulantt therapy, articles that assessed the relative risk of such a risk factor were 

analysed.. Odds ratios for patients with a specific risk factor were calculated separately 

and,, when appropriate, pooled using the Mantel-Haenszel method14. To obtain 

estimatess on efficacy of vitamin K antagonist therapy, data were derived from studies, 

whichh reported on the incidence of recurrent VTE during vitamin K antagonist therapy. 

Thee efficacy was expressed as relative risk reduction for a thromboembolic event, as 

comparedd to no treatment. Finally, the clinical course of DVT was assessed by 

evaluationn of clinical studies, which included long term follow-up. 

Alll eligible studies were weighted for methodological strength, according to 

Sackettt et al15. In order to obtain high quality data, only those articles with the strongest 

methodologyy were selected for construction of the mathematical model. 

Inn order to answer the question of how to balance the adverse events of 

antithromboticc management strategies, i.e. bleeding complications as a result of 

anticoagulantt therapy and recurrent VTE as manifestation of withholding anticoagulant 

therapy,, we sent out a questionnaire to 30 thrombosis-experts in the Netherlands. 

Thee structure of the model is described in the section below. The parameters are 

summarizedd in Table I. 
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Tablee I. Estimates used in the decision model 

Variable e Ratess (95 % CI) reference e 

Riskk factor for haemorrhage 

Agee {every 10 year above 40) 

Cancer r 

Riskk factor for recurrent VTE 

Prothrombinn mutation 

Factorr V Leiden mutation 

Elevatedd levels of factor VIII (>200 lU/dl) 

Hyperhomocysteinemia a 

Antiphospholipidd antibodies 

Antithrombinn deficiency 

Proteinn C & Protein S deficiency 

Cancer r 

Transientt risk factor (surgery, 

immobilisation) ) 

Recurrentt DVT 

Baselinee estimate for major hemorrhage 

Baselinee estimate for DVT 

Efficacyy of treatment 

Riskk for pulmonary embolism in DVT 

1.55 (1.2-1.8) 

2 . 0 * * 

1.44 (0.9-2.0) 

1.33 (1.0-1.7) 

1.88 (1.0-3.3) 

2 . 5 * * 

2 . 5 * * 

2 . 5 * * 

2 . 5 * * 

2.0-4.00 * 

0.55 * 

1 . 5 * * 

Pbleedingg = 0.083 

Precur=1.2xel/14+0.1 1 

900 % (86 %-97 %) 

2 0 % % 

3*42 2 

12;43:44 4 

18-22 2 

16;18;19;23-26 6 

27:28 8 

33;34 4 

8;18;31;32 2 

18:29:30 0 

18:29:30 0 

11:35-37 7 

4:35:3b b 

(assumption) ) 
39 9 

16:17 7 

4:6-8 8 

38 8 

95%% CI = 95 % confidence interval; VTE = venous thromboembolism; DVT = deep vein thrombosis 

** = no confidence interval available, relative risks are estimates 

RESULTS S 

BaselineBaseline  estimates  for  recurrent  VTE 
Too determine the baseline estimates for recurrent VTE in patients without oral 

anticoagulantt therapy two studies were identified in which all known thrombophilic 

conditionss were excluded in a subset of patients1617. Since the methodology of both 

studiess was comparable, both studies were combined to calculate the absolute 

recurrencee rate. As expected, the rate of recurrent events in this population declines 

exponentiallyy as a function of time. This decline is represented by the formula: Presence 

== 1 . 2 x e t / i 4 + o . l 
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RiskRisk  factors  for  recurrent  VTE 
Thee incidence of recurrent VTE in patients with the prothrombin G20210A mutation was 

reportedd in five studies18"22. The pooled odds ratio, using the Mantel-Haenzel method, is 

1.44 (95% CI 0.9-2.0). 

Eightt studies have been published which report on the incidence of recurrent 

venouss thromboembolism in patients with the Factor V Leiden mutation8;16;18;19;2326. In 

onee prospective study, the only decreased risk for recurrent VTE (odds ratio 0.5) was 

observed,, however data needed for the Mantel-Haenszel method could not be extracted 

fromm this study8. The calculated pooled odds ratio for the other 7 studies, using the 

Mantel-Haenszell method, is 1.3 (95% CI 1.0-1.7). 

Severall studies reported on an increased risk of a first episode of venous 

thromboembolismm in patients with elevated plasma levels of factor VIII, however studies 

reportingg on the risk of recurrence are scarce. We have reported on a dose-dependent 

relativee risk for recurrent VTE, which was confirmed in another study2728. An odds ratio 

forr the risk of recurrence, using the Mantel-Haenszel method, was calculated for factor 

VIIII levels exceeding 200 lU/dl. This common odds ratio is 1.8 (95% CI 1.0-3.3). 

Threee retrospective studies have assessed the risk for recurrent VTE in patients 

withh antithrombin, protein S or protein C deficiency182930. No prospective studies on the 

riskk of recurrence in untreated patients with antithrombin, protein C or S deficiency are 

available.. Data needed for the Mantel-Haenszel method could not be extracted. The 

estimatedd relative risk for a recurrent event based on these retrospective studies is 2.5. 

Thee risk of recurrent VTE in patients with antiphospholipid antibodies has been 

studiedd in one retrospective18 and three prospective studies83132. Since the original 

dataa did not provide sufficient information for the Mantel-Haenszel method, we 

estimatedd the overall risk to be 2.5. 

Twoo studies have shown an increased risk for recurrent events in patients with 

highh levels of homocystein. In a prospective study, the relative risk was 2.633. In a case-

controll study, an odds ratio of 3.1 was found34. By combining the results taking into 

accountt that case-control studies tend to overestimate the results, the relative risk was 

estimatedd to be 2.5. 

Cancerr is generally considered to increase the risk of recurrent VTE. In two 

prospectivee cohort studies the relative risk for a recurrent event in cancer patients was 

1.77 and 2.2 respectively3536. A higher rate of recurrence was observed in a retrospective 

studyy (relative risk = 3.2)37. Interestingly, the association with VTE seems to be cancer-

specific.. The types of malignancy most commonly associated with venous 

thromboembolismm are: pancreatic, ovarian, lung and mucin-secreting gastrointestinal 

carcinoma11.. Therefore, we varied the relative risk depending on the kind of cancer. The 

relativee risk for high-risk cancer is estimated to be 4, whereas for the other types of 

cancerr a relative risk of 2 is used. 
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Threee well-conducted studies (two prospective cohort studies35:36one randomised 

trial4)) evaluated the incidence of recurrent VTE in patients with a transient risk factor 

(e.g.. surgery, trauma, immobilisation). The authors reported on relative risks varying 

betweenn 0.3 to 0.7. Thus, these patients are at reduced risk for a recurrence as 

comparedd with patients with idiopathic thrombosis, with a mean relative risk of 0.5. 

Inn the absence of data from the literature, it is assumed that recurrent VTE without 

anyy underlying thrombophilic disorder is associated with a relative risk of 1.5. 

Finally,, other potential risk factors (for example elevated levels of factor XI, renal 

insufficiency,, hypertension, smoking, obesity) were excluded from analysis, due to lack 

off data to estimate the risk of recurrent VTE. 

MultiplyingMultiplying  the baseline  risk 
Studiess comparing the risk for recurrent VTE in patients with a thrombofilic factor to the 

riskk in patients without a thrombophilic abnormality (our baseline population) show that 

thee exponential decline of VTE-events, as described above, is identical for patients with 

andd without a thrombophilic factor163133. This means that at any time elapsed since the 

event,, the difference in risk of recurrence between the two groups of patients is 

representedd by a constant factor, i.e. the relative risk for the specific thrombophilic 

condition.. Therefore the absolute risk of recurrent VTE at any specific time-point for the 

individuall patient with a certain thrombophilic abnormality is obtained by multiplying 

thee relative risk for this thrombophilic condition with the baseline risk for recurrent VTE 

a tt th iS t i m e - p o i n t ; Precurrence = (1 -2 X e - ' Z ^ + O . l ) X Recurrence-

Wee assumed that the relative risk is constant at any time elapsed since the first 

event,, and that in the presence of two or more risk factors for recurrent VTE, the risk 

ratioss should be multiplied. 

ClinicalClinical  course  of  DVT and efficacy  of  treatment 
Inn patients with DVT, approximately 20% of all recurrent events will be symptomatic 

PE38.. Thus, in order to achieve a curve representing the risk for developing PE following 

DVT,, the baseline curve should be multiplied with 0.2. 

Too obtain the efficacy of treatment with vitamin K antagonists, a meta-analysis of 

fourr randomised trials was performed*6-8, which showed an efficacy (i.e. a relative risk 

reductionn of the occurrence of VTE during oral anticoagulant treatment) of 93% (CI 86 to 

977 %). We assumed that the efficacy of treatment remains stable at 90%. In conclusion, 

thee risk for the individual patient to develop a PE following DVT after stopping 

anticoagulantt treatment can be written as a function of baseline risk for DVT multiplied 

byy the relative risk obtained by a given risk factor and two constant factors (the risk for 

developingg PE after DVT (0.2) and the efficacy of treatment (0.9)); PrecurrencePE = 0.2 x 0.9 

XX ( 1 . 2 X e - V " + 0 .1 ) X RRrecurrence 
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BaselineBaseline  estimates for  major  haemorrhage 
Too determine the baseline estimate for major bleeding during anticoagulant therapy, we 

identifiedd one study in which in unselected patients using oral anticoagulants no 

selectionn was made and the long-term follow-up was performed. In this study39 the 

patientss were categorised according to age, which was shown to be a major risk factor 

forr bleeding during oral anticoagulant therapy. The baseline estimate of haemorrhage 

wass therefore assessed by evaluating the risk of haemorrhage in the youngest category. 

Forr this patient category, the baseline risk of major bleeding is consistent over time with 

ann incidence of 1 % per year (= 0.083%/month); Pbieedmg = 0.083. As an assumption, we 

ignoredd the potentially higher risk of bleeding in the period when treatment with 

anticoagulantss is being initiated. 

RiskRisk  factors  for  major  bleeding 
Wee identified two risk factors for major haemorrhage: increasing age and the presence 

off cancer. In addition, other risk factors for major haemorrhage such as a history of 

gastrointestinall bleeding or cerebrovascular accident should be considered, but the 

quantitativee contribution of these factors to the bleeding risk is still unknown. In a study 

byy Van der Meer et al39, a relative risk of 1.5 for every 10 years increase in age above 

thee age of 40 years was observed for major bleeding. An odds ratio of 3.2 for an age 

abovee 65 was found in another cohort study40, which is comparable with the relative 

riskk in the study of Van der Meer et al for this age category. Two other articles with a 

lowerr methodological strength show identical results of elevated bleeding risks with 

increasingg age4142. Three cohort studies reported on the risk for major bleeding in 

patientss with malignant disease124344. The mean odds ratio for malignancy is 

approximatelyy 2.0. Whether there is a type of cancer specific odds ratio for bleeding 

cannott be inferred from the available literature. The individual risk for major 

haemorrhagee can be defined as a function of the baseline risk for developing a major 

bleedingg and the presence of a relative risk factor; Pbieeding = RRbieeding x 0.083, and is 

assumedd to be constant over time, except for the fact that ageing is a risk factor which 

shouldd be corrected for. In the presence of two risk factors for major bleeding, the risk 

ratioss should be multiplied. 

TheThe questionnaire 
Thee results of the questionnaire among thrombosis-experts show that DVT is rated 

equallyy to minor bleeding, non-fatal pulmonary embolism as a manifestation of a 

recurrentt VTE is rated equally to major bleeding, and death due to PE is rated equally to 

deathh due to major bleeding (original data not shown). In our model, the risk for major 

bleedingg is outweighed against the risk for a PE as recurrent event. 
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figuree 1 

0,5 5 

0,45 5 

0,4 4 

035 5 

0,3 3 

recurrencee risk RR=2.0 

baselinee recurrence risk 

V V 

11 3 5 7 9 11 13 15 17 19 ?1 73 25 27 29 31 33 35 37 39 41 43 45 47 49 51 

tt (months) 

F i g u r ee I. The sloping curve depicts the risk per month to develop a PE as a manifestat ion of recurrent VTE. The 

horizontall curve represents the bleeding risk and is expressed as percentage per month. 

IntegrationIntegration of recurrence risk and bleeding risk 
Orall anticoagulant t reatment should ult imately be stopped at the t ime point at which 

thee benefit of t reatment (i.e. prevention of recurrent VTE) is counterbalanced by its risk 

(i.e.. bleeding). Regarding the individual risk curves for both recurrent VTE and bleeding, 

thee t ime point at which the risk of bleeding is equal to the risk of recurrent VTE is 

representedd by the intersection of these curves (Figure I). Mathematical ly the t ime-point 

off the ul t imate duration of anticoagulant therapy can be calculated by the equalisation 

off the formulas for recurrent VTE and major bleeding; RRbieeding x 0.083 = 0.2 x 0.9 x (1.2 

xx e -' 14 + 0.1) x RRrecurrence- A simple conversion leads to the overall formula: t = - 1 4 In 

(0.399 x (RRbieeding/ RRrecurrence)-l/12), where t is defined as the opt imal individual 

durationn of anticoagulant therapy. 

Withh use of the formula, the opt imal t ime-point can be calculated for each 

individuall patient, since the relative risks for recurrent VTE and major bleeding are 

incorporated.. The exact position of the point of intersection of the two curves, and 

thereforee the opt imal treatment duration, depends on the presence and quantity of the 

oddss ratios. When the patient is treated longer than his calculated opt imal t reatment 

121 1 



Chapterr 8 

duration,, the risk of PE is exceeded by the bleeding risk and the oral anticoagulant 

treatmentt could be harmful. 

Too avoid complex calculations and potential calculation errors, we designed a 

simplee nomogram for daily clinical practice (Table II), by which the optimal treatment 

durationn in months can be easily determined with use of the riskfactors for both 

recurrentt VTE and bleeding. 

Too illustrate the clinical usefulness of the nomogram, three common clinical 

scenarioss are presented (Table III). Patient A, a 23-year-old woman, had an episode of 

spontaneouss deep vein thrombosis. She carries the factor V Leiden mutation 

(heterozygous).. There are no risk factors present for bleeding. Therefore, the advocated 

durationn of treatment with oral anticoagulant treatment using our method is 24 months. 

Patientt B is a 58-year-old man who developed a deep vein thrombosis after surgery and 

subsequentt immobilisation. Due to the advanced age, there is a 2.25 (1.5 x 1.5) times 

higherr risk for developing a bleeding as compared to the baseline bleeding risk of a 

personn less than 40 years of age. Since his DVT was secondary to a transient event the 

relativee risk for a recurrent VTE is 0.5. Therefore, the advocated treatment duration in 

thiss patient is 1 month. Patient C is a 49-year-old man who has pancreatic carcinoma. 

Hee had an episode of spontaneous deep vein thrombosis. The active cancer contributes 

too a 4-fold higher risk for recurrent VTE. Due to his age and the presence of cancer, the 

bleedingg risk is 3.0 (1.5 x 2.0). The advocated treatment duration according to the 

nomogramm is, therefore, 22 months. 
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T a b l ee I I . Nomogram for clinical practice 

Tablee 2. 
RRR for major bleeding 

,1.55 2.0 2.5 3.0 13.5 ,4.0 5.0 6.0 7.0 
Li._.__iii h 1 n h M i i 1 

DETERMINATIONN OF THE OPTIMAL TREATMENT DURATION 

11 Determine the relative risk for developing a recurrent VTE In presence of 2 or more 
riskk factors for recurrent VTE, the nsk ratios should be multiplied 

2.. Determine the risk for developing a major bleeding. In presence of 2 risk factors for 
majorr bleeding, the risk ratios should be multiplied 

3.. The calculated RR's should be rounddowned to the nearest stratum 

4.. Read the corresponding treatment duration (in months) in the table 

RRR for VTE 
Prothrombinn mutation 
Factorr V Leiden 
Elevatedd Factor VIII (>200IU/dl) 
Pro?? C/S or AT deficiency 
APLA A 
Hyperbornocystetnemia a 
Cancer* * 
Recurrerrt-OVT T 
Secondaryy DVT 
multiplymultiply  RR's for  total  score:. 

RRR for maior bleeding 
Everyy 10 yr. above age of 40 
Cancer r 
multiplymultiply  RR's for  total  score: 

1.4 4 
1.3 3 
1.8 8 
2.5 5 
2.5 5 
2.5 5 

2.0-4.0 0 
1.5 5 
0.5 5 

1.5 5 
2.0 0 

95%95% a 
(0.9-2.0) ) 
(1.0-1.7) ) 
(1.0-3.3) ) 

na a 
na a 
na a 
na a 
na a 
na a 

(1.2-1.8) ) 
na a 

RR=relativee risk 

vTE=wenouss thromboembolism 

prott C-protein C 

prott S=protein S 

ATT = antithrombin 

APLAA = antophospholiptdantibodaes 

naa = not available 

95%% CI - 95% confidence interval 

EE = extended 

Jung g 
RR=2.0 f f 

FORMULA:: t = - 14 In (0.39 x (RRBIMrt lr lg / RRrecijrre, lte) - 1/12) 

T a b l ee III. Patient scenarios 

Patientt A Patientt B Patientt C 

Gender,, age 2 23 years 

Riskk factor and relative Factor V Leiden 

riskk for recurrent VTE RR = 1.3 

Riskk factor and relative None 

riskk for bleeding RR = 1.0 

Durationn of treatment 24 months 

'' 58 years - 49 years 

Surgery,, immobilisation Pancreatic cancer 

RRR = 0.5 RR= 4.0 

Agee Age and cancer 

RRR = 2.25 (1.5 x 1.5) RR 3.0 (1.5 x 2.0) 

11 month 22 months 

RRR = relative risk 

DISCUSSION N 

Inn the ACCP guidelines for ant i thrombot ic therapy, strati f ication in the t reatment 

durationn is recommended5 . According to this consensus, patients with a reversible risk 

factorr should be treated for at least three months, patients with a first episode of 
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idiopathicc VTE for at least 6 months and patients with recurrent VTE or continuing risk 

factorss for at least one year or longer. Two major disadvantages of this strategy are the 

factt that this strategy is less based on the risk of bleeding and, secondly, that this 

stratificationn in only 3 or 4 groups is quite arbitrary and generalising for a large subset 

off patients. We here present a model in which the individual risk for a recurrent VTE is 

moree precisely counterbalanced 

againstt the individual risk for bleeding. With the use of this model a rational and 

literature-basedd decision on the optimal duration of anticoagulant therapy can be made 

forr each individual patient. How long a patient should receive oral anticoagulant therapy 

iss a matter of balancing the benefits of treatment, in terms of reduced incidence of 

thromboembolicc recurrences, and the risks, in terms of increased incidence of major 

haemorrhages.. Patients with a thrombophilic defect and therefore a higher risk for a 

recurrentt event will benefit from a prolonged duration of therapy. On the other hand, for 

patientss with an increased risk of an anticoagulant-related bleeding, this prolonged 

durationn could be harmful. 

Severall decision analyses on the optimal duration of anticoagulant treatment in 

venouss thromboembolic disease have been published. Sarasin et al45. suggest in their 

decisionn analysis that prolonged duration of treatment among factor V carriers, at least 

beyondd one year, results in more risks (haemorrhages) than benefits (prevention of 

pulmonaryy embolism). Van de Belt et al46. performed a decision analysis for patients 

withh an antithrombin, protein C or S deficiency, yielding recommendations for the 

durationn of treatment varying from 6 months to 3 years of treatment, considering age, 

typee of initial event and time elapsed since the event. Although these decision analyses 

alsoo address the question of duration, their analyses only demonstrate a utility in a 

smalll subset of patients with a defined thrombophilic factor, whereas our model is 

applicablee for the majority of patients with DVT. 

Thee limitations, in general, of decision analyses are that they are based on data 

derivedd from literature. The baseline estimate for major bleeding is a critical element of 

thee model and it is supported by a single study. Indeed more studies are available which 

evaluatedd the risk of bleeding during anticoagulant therapy, but these studies included 

patientss with increasing age, whereas no adjustment for this considerable risk factor for 

bleedingg was performed. The incidence of recurrent thromboembolic events, one of the 

otherr key parameters in our model, is difficult to assess since only a limited number of 

studiess are available. However, a recently published meta-analysis confirmed that the 

riskk of recurrence decreases over time47. Some studies that evaluated the relative risk 

off recurrence in patients with a thrombophilic factor, especially carriers of the factor V 

Leidenn mutation, show conflicting results and are confined to relatively small number of 

patients.. However, we have included studies with a sound methodology only in our 

analysis. . 
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Furthermore,, in this model we rated pulmonary embolism (as manifestation of a 

recurrence)) equal to major bleeding. Ideally, the patient's perception of the impact of 

thee non-fatal events and the quality of life associated with long-term anticoagulant 

therapyy should also be considered. In some patients, stopping treatment affects quality 

off life negatively because of a strong fear of a recurrent episode, whereas others 

experiencee anticoagulant treatment and its monitoring as a burden. This subjective 

estimationn of quality of life will probably have a great impact on the patient orientated 

optimall duration of treatment. Unfortunately, no reliable estimates of these variables 

aree available yet. 

Onee of the assumptions of the model is that in the presence of two or more risk 

factorss for recurrent VTE or major bleeding, these risk ratios should be multiplied. This is 

inn correspondence with Emmerich et al48, who described a complete multiplicative 

effectt of the combined Factor V Leiden and prothrombin mutation for the risk of a first 

episodee of VTE. Odds ratios were 4.9 and and 3.8 for the factor V Leiden and 

prothrombinn mutation, respectively. The odds ratio for VTE in double heterozygotes was 

20.0.. Also for recurrent VTE a multiplicative effect of a double mutation was observed18. 

Thiss multiplicative effect of risk factors is also described by several others4950. We are 

awaree of the fact that this assumption could induce an estimating simplification of 

realityy for some additive instead of multiplicative combinations of risk factors. However, 

duee to the fact that in our model, the number of risk factors for bleeding are 

outnumberedd by the risk factors for VTE, the optimal duration of VKA-therapy is more 

likelyy to be calculated too long than tot short, which is in line with the current ACCP 

consensuss strategy. 

Recently,, two new factors for the prediction of a recurrent VTE are described. First, 

inn patients with persistent residual thrombosis confirmed by ultrasonography, recurrent 

diseasee is more frequent as compared to patients with early recanalization51. Second, 

Palaretii et al showed that the presence of increased D-dimer after discontinuation of 

orall anticoagulant therapy was associated with a higher risk for recurrent VTE52. 

However,, more evidence is needed before these elements can be incorporated into the 

model. . 

Severall developments in therapeutic quality control have improved the safety and 

efficacyy of oral anticoagulant therapy. Monitoring of anticoagulant therapy by a 

specializedd anticoagulation clinic reduce the bleeding and thromboembolic event 

rates53.. More recently, home testing of the coagulation status by means of a portable 

coagulometerr that performs an INR on a single drop of capillary blood have become 

available.. INR home testing appears to be a safe and efficient anticoagulation control 

methodd which results in a higher percentage of target range values compared to the 

conventionall laboratory-based testing regimen5456. 
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Thee l imitat ions of this kind of approach thus include the absence of hard data 

f romm management trials in which the proposed guidelines have been proven safe and 

effective,, the danger of propagating uncertainty, and the difficulty of assigning 

individuall patients to categories of risk. All these l imitat ions are valid and at tempts 

shouldd be undertaken in the future to reduce them. 

Inn conclusion, since each patient has his own unique bleeding and thrombosis risk, 

decisionss about the duration of t reatment should preferably be based on the individual 

riskk of recurrent thromboembol ic events and the individual bleeding risk, rather than a 

predefinedd t reatment duration which is uni form for a large subset of patients and is 

basedd primarily on the risk of recurrent VTE and doesn't take the patients bleeding risk 

intoo account. Application of an individual approach results in a balanced duration of 

t reatmentt for each patient. Theoretically, this will lead to a lower incidence of recurrent 

DVTT and bleeding complications. To verify this statement, a prospective clinical study 

shouldd be initiated to validate the model . 
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