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GENERALL INTRODUCTION AND OUTLINE OF THE THESIS 
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Chapterr 1 

GENERALL INTRODUCTION AND OUTLINE OF THE THESIS 

Thee clinical effectiveness of vitamin K antagonists (VKA) has been established in a 

varietyy of conditions, based on well-designed clinical trials. VKA has been widely used 

forr the primary and secondary prevention of arterial and venous thromboembolism. It is 

thee therapy of first choice in long-term treatment of deep vein thrombosis and 

pulmonaryy embolism, the prevention of systemic and valve thrombosis in patients with 

mechanicall heart valves and the prevention of systemic and cerebral embolism in atrial 

fibrillationn (AF)13. In addition, there are other widely accepted indications for VKA 

therapyy that have not been evaluated in rigourously designed clinical trials. These 

indicationss include valvular heart disease associated with AF, mitral stenosis, dilated 

cardiomyopathyy and prevention of graft occlusion after peripheral bypass grafting46. 

Thee mechanism of action of VKA relies on the interference with the action of 

vitaminn K, a cofactor essential for converting precursor proteins into the mature 

coagulationn factors II, VII, IX and X7. As a result, vitamin K-dependent factors that have 

beenn affected by VKA during synthesis are dysfunctional. VKA does not affect the 

activityy of coagulation factors in which synthesis was complete before exposure to VKA. 

Thus,, depletion of these mature factors through normal catabolism must occur before 

therapeuticc effects of VKA are seen. Each factor differs in its degradation half-life, 

rangingg from 5 hours (factor VII) to as long as 60 hours (factor II). As a result, several 

dayss of therapy are required before a complete clinical response is seen. VKA prolongs 

bothh the prothrombin time (PT) and thromboplastin time (aPTT), but the PT is used 

clinicallyy to guide therapy. Because of the considerable variation in PT among 

laboratoriess using different reagents, in 1983 the World Health Organization (WHO) 

adoptedd a system of normalization of the PT to allow for standardization of reporting the 

results.. With the use of this method every PT can be converted into an INR (International 

Normalizedd Ratio), according to the formula: 

INRR = [patient's PT/normal patient average PT] <isi> 

wheree the ISI (International Sensitivity Index) is the calibration factor dependent on the 

reagentt used and is provided by the manufacturer. The ISI is used to characterize the 

sensitivityy of the reagent, which can variably affect PT. Sensitive reagents have a low ISI. 

Thee ISI is both instrument-dependent and reagent-dependent. Because the INR is 

dependentt on the ISI, it is critical for each laboratory to calibrate the ISI for their own 

instrumentss and reagents. 

Theree is a wide variability in the required dose of VKA among patients8. Since even 

thee required dose in an individual patient may vary over time, frequent INR monitoring is 

necessaryy to ensure a stable level of anticoagulation and dose-adjustments have to be 
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madee to maintain the INR in the therapeutic range. The notion of the "therapeutic 

range"" is defined as the range that provides maximal antithrombotic effect with 

minimall risk of bleeding. Ideally, the INR should be kept in the therapeutic range most 

off the time, but many factors influence this goal. These include pharmacologic factors, 

suchh as interacting drugs or illnesses that affect the metabolism of VKA, such as fever 

orr hepatic dysfunction910. In addition, important fluctuations in vitamin K intake can 

alsoo affect the INR, occurring in both apparently healthy and sick patients. Increased 

intakee of vitamin K leading to a reduction of the respons to VKA, occurs in patients 

consumingg green vegetables and in patients treated with supplements containing 

vitaminn K. Reduced vitamin K intake potentiates the effect of VKA in sick patients 

treatedd with antibiotics and intravenous fluids without vitamin K supplementation and in 

statess of fat malabsorption. 

Besidess the need for frequent monitoring, the major drawback of treatment with 

VKAA is the risk for bleeding complications. Annual bleeding incidences of 0-4.8% for 

fatall bleeding and 2.4-8.1% for major bleeds have been reported. Minor bleedings occur 

moree often, with an incidence of approximately 15% per year. Although intracranial 

bleedingg is rare, it is the most frequent cause of fatal bleeding, with mortality rates 

rangingg from 10 to 68%. There is a strong relationship between the intensity of 

anticoagulantt therapy and the risk of bleeding complications. Since most of the 

bleedingg events occur in the period of overcoagulation, it is plausible to assume that the 

riskk for bleeding will decrease with a more stable level of anticoagulation. However, 

evenn with a therapeutic INR, patients are still at risk for bleeding. Age is the most 

importantt patient characteristic that increases the risk for bleeding. One study showed a 

46%% increase in major bleeding for every 10 year increase above the age of 4011. Other 

conditionss that have been associated with bleeding during VKA therapy include (treated) 

hypertension,, malignancy and a previous bleeding episode. 

Althoughh the effectiveness of VKA has been clearly demonstrated in a number of 

trialss for several conditions, there are a number of aspects of this therapy that remain a 

matterr of debate. One of these unresolved issues comprises the optimal intensity of 

VKAA therapy in patients with mechanical heart valves. The first ACCP guidelines 

publishedd in 1986 recommended an INR between 3.0 and 4.5, regardless of the type 

andd location of the valve12. However, the risk for thromboembolism appears to vary with 

thee position of the valve. Patients with a prosthesis in the mitral position have a 

significantlyy higher risk of thromboembolic complications than those with an aortic 

valvee prosthesis, whereas the bleedingrisk is similar13. Based on this discrepancy, a 

minorr discrimination in anticoagulation intensity was recommended between aortic and 

mitrall valves and the target range was lowered to 2.0 and 3.5, depending on the 

positionn and type of the valve. However, these latest guidelines are based on only a few 

studiess and are in contrast to a landmark trial by Cannegieter et al14. The authors 
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described,, based on a discrepancy between the target and achieved INR, that the 

optimall intensity of anticoagulation, resulting in the fewest adverse events, lies between 

INRR levels of 2.5 to 4.9. 

Anotherr important unresolved question is the optimal intensity and duration of 

treatmentt with VKA in patients with venous thromboembolism (VTE). At present, 

standardd treatment of VTE consists of an initial course of (low molecular weight) heparin 

forr at least five days, followed by VKA with a target INR between 2.0 and 3.01516. Target 

INR'ss above 3.0 has been shown to result in more bleeding, without any benefit in the 

preventionn of recurrences17. Recently, it was hypothesised that extended secondary 

prophylaxiss with low intensity VKA therapy (INR 1.5-1.9) might be as effective as 

conventionall intensity VKA therapy (INR 2.0-3.0) but associated with a lower bleeding 

risk.. In a double-blind study involving patients with unprovoked VTE who had completed 

threee months conventional intensity VKA therapy, two intensities of VKA therapy were 

compared21.. The study showed that the risk for recurrent thromboembolic disease was 

higherr in the low intensity group, without significant differences in the bleeding risk, and 

thereforee is no treatment option for the secondary prophylaxis after a first episode of 

VTE. . 

Thee optimal duration of treatment with VKA reflects a balance between the risk of 

recurrentt disease when the treatment is discontinued and the risk of bleeding resulting 

fromm continued therapy. The risk of recurrence depends on patient specific risk factors. 

Thiss risk is greater among patients who have a persistent risk factor (thrombophilia or 

cancer)) and those whose initial episode occurred in the absence of an apparent risk 

factorr than it is among patients in whom VTE develops in association with a transient 

riskk factor, such as surgery or plaster immobilisation18. In addition, the cumulative risk 

off bleeding complications is also determined by various risk factors. Major determinants 

aree the length of therapy and various patient characteristics (increasing age and the 

presencee of cancer)1920. Ideally, treatment should be continued until the benefits of 

treatmentt (i.e. prevention of recurrent VTE events) are offset by the risks (i.e. major 

bleeding).. However, rational decisions on the optimal duration of anticoagulant therapy 

forr the individual patient require knowledge of the risk of recurrence after 

discontinuationn of treatment and the risk of bleeding during anticoagulant therapy. 

Inn the debate about the optimal duration of treatment with VKA it is also 

reasonablee to take the burden of treatment, as experienced by the patient, into account. 

Stoppingg treatment may affect quality of life negatively because of a strong fear of a 

recurrentt episode, whereas others experience anticoagulant treatment and its 

monitoringg as a burden. This subjective estimation of quality of life will probably have a 

considerablee impact on the patient appreciation of the duration of treatment. 

Patientss with atrial fibrillation or mechanical heart valves receiving chronic VKA 

therapyy pose a clinical challenge when they need to undergo invasive procedures. 
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Temporaryy discontinuation of anticoagulants increases the risk for valve thrombosis and 

embolism22.. Since arterial embolism often results in death or major disability it is 

importantt to minimize this risk. However, perioperative thromboembolic risk is unknown 

becausee there are no reliable data from patients without long-term anticoagulation, but 

mayy be higher than expected since the prothrombotic effect of the surgery itself could 

increasee the risk of thromboembolic complications. On the other hand, continuation of 

anticoagulantss perioperatively can cause life-threatening bleeding. In the absence of 

clinicall evidence, several anticoagulant strategies have been developed, but are mainly 

basedd on quantification of thromboembolic risk during discontinuation of 

anticoagulationn and the risk estimates for bleeding associated with reinitiation of the 

anticoagulation.. The guidelines are diverse, varying from discontinuation of VKA a few 

dayss before surgery and reinstitution after surgery to complete coverage with 

intravenouss unfractionated heparin (UFH) only shortly interrupted during the surgical 

procedure2324.. Recently, low molecular weight heparin (LMWH) was considered as a 

potentiall alternative for unfractionated heparin, because it results in stable 

anticoagulationn without the need for monitoring and dose adjustments2526. Another 

potentiall benefit is avoiding hospitilization solely for anticoagulation with intravenous 

unfractionatedd heparin. However, the half-life of LMWH is prolonged as compared to 

UFHH and the clearance is not always predictable. This makes it difficult to precisely time 

thee last preoperative injection and therefore this strategy carries a certain risk for 

perioperativee bleeding. 

OutlineOutline  of  the thesis 
Moree research is necessary to improve the management of anticoagulant therapy in 

patientss with venous and arterial disease. Aim of this thesis is to contribute to this 

research.. The first part of this thesis concerns anticoagulant strategies in patients with 

mechanicall heart valves. Chapter 2 gives an overview of various aspects of 

anticoagulantt therapy in patients with mechanical and bioprosthetic heart valves as well 

ass for patients with atrial fibrillation. Chapter 3 describes the results of a meta-analysis 

comparingg two intensities of VKA for patients with mechanical heart valves. In Chapter 4 

wee studied a cohort of patients with prosthetic heart valves who underwent non-cardiac 

surgicall interventions. The incidence of thromboembolic and bleeding complications 

weree evaluated according to the different periprocedura! anticoagulant strategies. 

Thee second part of the thesis focus on patients with atrial fibrillation. The design 

andd the results of the PIANO study are described in Chapter 5. In more detail, the 

PIANO-studyy (perioperative interruption of anticoagulant treatment in patients with 

atriall fibrillation) is a randomised study comparing two different anticoagulation 

regimenss in the perioperative period. Chapter 6 gives insight in the risk of perioperative 

thromboembolismm and bleeding in patients with AF who undergo a surgical procedure. A 
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datasett of a large clinical trial of patients with AF was used to evaluate all non-cardiac 

surgicall interventions. 

Thee third part of this thesis deals with patients with venous thromboembol ic 

disease.. In Chapte r 7 we discuss the f indings of a meta-analysis concerning the natural 

coursee fol lowing a first episode of symptomat ic venous thromboembol ism, in particular 

afterr cessation of t reatment with VKA. A decision model for the opt imal duration of 

t reatmentt for patients with deep vein thrombosis is presented in Chapte r 8. The 

influencee of co-medication on the stability on VKA treatment is described in Chapter 9. 

Finally,, in Chapter 10 we studied whether the anticoagulant activity of pentasaccharide 

cann be corrected by the prohemostatic agent recombinant factor Vila. 
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ABSTRACT T 

Theree is a wide array of recommendations for the management of anticoagulant 

therapyy in patients with mechanical heart valves. Especially the optimal intensity of 

vitaminn K antagonists (VKA) is a ongoing matter of debate. On the basis of several 

studies,, recommendations for daily clinical practice can be made. In this review, we 

discussedd the studies and the different guidelines. Guidelines for the prevention of 

thromboembolicc complications in patients with atrial fibrillation are more stringent. VKA 

withh a target INR between 2.0 and 3.0 is more effective in the prevention of stroke than 

aspirin,, especially in the presence of risk factors for thromboembolism (age above 65, 

previouss thromboembolism, history of hypertension and diabetes, enlarged left atrial 

diameterr and left ventricular dysfunction). In the absence of clinical or 

echocardiographicall riskfactors for thromboembolism, patients may be safely treated 

withh aspirin. 
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INTRODUCTION N 

Thromboembolicc complications frequently cause morbidity and mortality in patients 

withh mechanical heart valves or atrial fibrillation. The incidence of these 

thromboembolicc complications can be reduced by anticoagulant treatment but this 

treatmentt carries the risk of severe and sometimes fatal bleeding. Although there are 

severall studies on the efficacy and safety of anticoagulant treatment in patients with 

mechanicall heart valves or atrial fibrillation, the optimal anticoagulant strategy for 

thesee conditions is still a matter of debate and several issues remain to be resolved. 

Thesee issues comprise the intensity of oral anticoagulant therapy in patients with 

mechanicall heart valves. Also the evidence for withholding anticoagulation in patients 

withh bioprosthetic valves is unclear. Another area of interest concerns the use of 

alternativee antithrombotic agents than vitamin K antagonists (VKA) for the prevention of 

thromboembolismm in patients with atrial fibrillation. 

PROSTHETICC HEART VALVES 

MechanicalMechanical  heart  valves 
Severall mechanisms are responsible for the thrombogenicity in patients with 

mechanicall heart valves. It can be attributed to the foreign material of the valves and 

thee changes in bloodflow around the valve with local turbulence and stasis. Both 

mechanismss lead to activation of the coagulation system and this can result in valve 

thrombosiss and systemic embolism. Therefore these patients require life-long 

anticoagulationn with vitamin K antagonists (VKA). Since there is a strong correlation 

betweenn the intensity of VKA and the incidence of bleeding complications, a level of 

anticoagulationn must be found at which this risk for bleeding is low, while optimal 

preventionn of thromboembolic events is achieved. 

RiskRisk  factors 
Thee position and the type of the prosthetic valve influence the thromboembolic risk. The 

incidencee of valve thrombosis and thromboembolism is higher in patients with mitral 

valvee prostheses as compared to patients with an aortic valve prosthesis1. This is 

presumablyy due to lower blood flow velocity over the mitral vaive. Differences in 

bloodfloww characteristics may also be responsible for the variation in thromboembolic 

propertiess of prosthetic valves. 

Inn general, three different types of valves can be defined. The caged-ball valves 

(Starr-Edwards)) showed the highest incidence of thromboembolic complications (2.5 per 

1000 patient-years). The difference in thromboembolic potential between tilting-disc 
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valvess (Bjork-Shiley, Medtronic Hall) and bileaflet valves (St Jude) is smaller. An overall 

incidencee of 0.5 per 100 patient-years for tilting disc versus 0.7 per 100 patient-years 

forr bileaflet valves2. Whether these differences in thrombogenicity have consequences 

forr the recommendation of the intensity of anticoagulation will be discussed below. The 

combinationn of mechanical heart valve and the presence of atrial fibrillation will further 

increasee the risk for thromboembolism. 

TrialsTrials  of  anticoagulation  and antiplatelet agents 
Currentt guidelines for anticoagulant treatment vary greatly among Europe and the 

Unitedd States. The variation between the guidelines is remarkable, since these 

recommendationss are based on the same studies, which presumably have been 

interpretedd differently. A number of trials have been conducted in which different levels 

off anticoagulant therapy were compared. 

Inn 1990 Saour and colleagues published their randomised trial of 258 patients 

comparingg a moderate intensity of VKA (target INR 2.65) with high intensity VKA (target 

INRR 9.0)3. Thromboembolism occurred with similar frequency in the two groups. (4.0 

andd 3.7 events per 100 patient-years). The total number of minor and major bleeding 

complicationss was more common in the high intensity group (12.1 episodes per 100 

patient-yearss versus 6.2 episodes per 100 patient-years in the low intensity group, 

p<0.002).. The difference in major bleeding episodes was not statistically significant 

betweenn the groups. 

Inn 1995 Cannegieter et al. described, based on a discrepancy between targeted 

andd achieved INR, the relation between the effectiveness of anticoagulation and the 

actuallyy achieved intensities2. The intensity-specific incidence was calculated as the 

numberr of events that occurred at a certain intensity of anticoagulation. The study 

includedd 1608 patients who were followed during 6475 patient-years. The INR was 

monitoredd by specialised regional anticoagulation clinics. The study showed that the 

optimall intensity of anticoagulation, resulting in the fewest events thromboembolic and 

bleedingg events is achieved between INR levels of 2.5 to 4.9. The incidence of events 

risess sharply above or below this range. As a target range, they recommended an INR of 

3.00 to 4.0 for both aortic and mitral valves, since in their study the lowest event rates 

occurredd with an INR between 3.0 and 3.9 for aortic valves and between 3.0 and 4.0 for 

mitrall valves. The risk of thromboembolic complications appeared to vary with the 

positionn of the valve. Valves in the aortic position had the lowest event rate (0.5 per 100 

patient-years)) as compared with valves in the mitral position (0.9 per 100 patient-years). 

Thee AREVA-trial compared a target INR between 2.0 and 3.0 with an INR between 

3.00 and 4.5 after single mechanical valve replacement with a bileaflet valve4. Of the 

3800 patients, 364 patients had an aortic valve. The incidence of thromboembolic events 

wass similar between the INR 2.0 to 3.0 and INR 3,0 to 4,5 groups: 1.9 and 1.7 events 
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perr 100 patient-years, respectively. The rate of major bleeding complications did not 

differr between the two groups. Although the results of this study can be used as 

evidencee for a low intensity regimen in bileaflet aortic prostheses, the results of the 

AREVA-triall must be interpreted with caution, since only low risk patients (e.g. without 

atriall fibrillation, no history of thromboembolism) were included in the study. 

Onn the basis of several observational studies and the AREVA-trial, the American 

Collegee of Chest Physicians (ACCP), the European Society of Cardiology (ESC) and the 

Americann Heart Association (AHA) decided to a regimen of moderate anticoagulation for 

patientss with newer generation valves. This recommendation is in contrast with a 

recentlyy published meta-analysis on the optimal intensity VKA in patients with 

mechanicall heart valves.5 The analysis included 35 studies with 23.145 patients 

followedd for more than 100.000 patient-years. The studies were classified into low 

intensityy VKA (mean target INR of 3.0 or lower) or high intensity VKA (mean target INR 

abovee 3.0). The analysis showed that for patients with a newer generation aortic valve, 

highh intensity results in a lower incidence of thromboembolic events (RR=0.73) with an 

increasedd bleeding risk (RR=1.23). In the mitral valve group, the incidence rate for 

thromboembolismm was lower in the high intensity group (RR=0.74) without a 

significantlyy increased bleeding incidence (RR=1.08). The total number of 

thromboembolicc and bleeding events, the most important parameter, was decreased in 

thee high intensity group as compared to low intensity VKA therapy for both aortic and 

mitrall valve prostheses (RR=0.94 and 0.84) respectively. 

Thee studies previously discussed provide the best evidence for the 

recommendations,, which are summarized in Table I. For patients with a low risk 

mechanicall heart valve (defined as a bileaflet and Medtronic Hall, or second generation 

valve)) the ACCP, ACC/AHA and the ESC-guidelines recommend low intensity VKA with a 

targett INR between 2.0 and 3.5. For patients with an additional riskfactor or a valve with 

aa high thromboembolic potential, a higher INR is advocated. The British guidelines 

recommendd VKA with a target INR between 3.0 and 4.0, without risk stratification. The 

differencess between the guidelines are less obvious for patients with a mechanical valve 

inn the mitral position. An intermediate intensity (INR 2.5-3.5) is recommended by the 

ACCPP and the ACC/AHA, whereas the BCSH and the ESC advocate a higher INR (3.0-

4.5). . 
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Chapterr 2 

Thee role of antiplatelet therapy in patients with mechanical heart valves remains 

controversial.. Two randomised trials evaluated the effects of adding aspirin to VKA 

treatment.. Turpie et al showed that aspirin (100mg/d) in combination with VKA (INR 

3.0-4.5)) was associated with fewer thromboembolic events than VKA alone6. The study 

populationn included 370 patients with mechanical valves or tissue valves with an 

associatedd risk factor (atrial fibrillation or previous thromboembolism) and the patients 

weree followed for a mean of 2.5 years. The rate of major bleeding was increased in the 

combinationn therapy group. Messchengieser and colleagues demonstrated in their trial 

thatt aspirin (100mg/d) in combination with VKA (INR 2.5-3.5) was as effective as VKA 

(INRR 3.5-4.5) alone7. The results from these studies cannot be considered as sufficient 

evidencee for recommending combination therapy. In exceptional cases of patients with 

thromboembolicc complications despite adequate VKA therapy, the addition of 

antiplatelett therapy can be considered for the prevention of thromboembolic events. 

BioprostheticBioprosthetic  valves 
Bioprostheticc heart valves have a lower thromboembolic potential than mechanical 

heartt valves. The risk of thromboembolism is mainly limited to the first three months 

afterr valve replacement, probably due to the lack of endothelization of the newly 

implantedd valve. In a study of Heras et al, the incidence of thromboembolic episodes 

wass high in the first weeks after valve implantation for patients with aortic and mitral 

bioprostheticc valve replacements, especially when anticoagulation was not 

administered8.. The rate of thromboembolism was 4 1 % and 55% per year for aortic and 

mitrall valve replacement, respectively, during the first 10 days postoperatively. After 

threee months, the rate of thromboembolic events was decreased to 1.9%/year for aortic 

valvess and 2.4%/year for mitral valves. This study indicates that during the first three 

monthss after tissue valve replacement the use of oral anticoagulants is justified. 

Inn 1988 Turpie and colleagues showed in their randomised trial that during the 

firstt 3 months after tissue valve replacement a less intense anticoagulation regimen 

(INRR 2.0 to 2.25) resulted in fewer bleeding complications than an INR between 2.5 and 

4.09.. The number of thromboembolic complications did not differ between the two 

groups. . 

Inn contrast to the common beliefs and although there are several follow-up data 

onn long-term results of bioprostheses the incidence of thromboembolic events without 

prolongedd anticoagulation has never been properly established. Only a few cohort 

studiess reported on incidences of thromboembolism in patients without atrial fibrillation 

andd a tissue valve in the aortic position. The reported yearly incidences are low and 

variess between 0.2% and 0.5%10:11.Data on the incidence of thromboembolic events in 

patientss with tissue mitral valves without anticoagulant therapy are equally scarce, 

sincee the majority of the patients with tissue mitral valves received anticoagulant 
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therapy,, reinstituted by their physician after discharge from the hospital. Thus, the 

recommendationn that patients with bioprosthetic valves can safely withheld 

anticoagulantt therapy are infact not based on adequate literature. Similarly, prescribing 

aspirinn in this group of patients is also questionable. There is only one small 

observationall study regarding the use of aspirin. One hundred forty-four patients with a 

porcinee aortic bioprosthesis without atrial fibrillation were treated with aspirin 

75mg/dayy and followed for a mean period of 2 years. The thromboembolic event rate 

wass 1.3% per patient-year. The overall bleedingrate was 0.39% per patient-year. This 

uncontrolledd cohort study with only a small number of participants showed that the use 

off aspirin is relatively safe12. Although the evidence is weak, the ACCP and the ACC/AHA 

recommendss the long-term use of aspirin (80 mg/day) for patients who do not have an 

indicationn forVKA. 

Thuss as shown in Table I, VKA are given during the first three months after 

bioprostheticc valve replacement until the valve has been endothelialized. The European 

guideliness consider to continue aspirin for both aortic and mitral valves. However, the 

Americann guidelines strongly recommend the long-term use aspirin in these patients. 

Patientss with a bioprosthetic valve and the presence of a thromboembolic riskfactor are 

recommendedd to use long-term VKA in the United States as well in Europe. Evidence for 

thiss recommendation is mainly derived from studies on the optimal therapy of atrial 

fibrillation,, which showed that VKA is more effective than aspirin in this patientgroup 

(thiss is discussed later)13. 

AnticoagulationAnticoagulation  in  older  patients  with  prosthetic  valves 
Withh the growth of the older age population, there is a trend towards increased valve 

replacementss in this group. In patients with a mechanical valve life long anticoagulant 

treatmentt is indicated, with the potential risk of complications related to 

anticoagulation.. The advantage of the use of bioprosthetic heart valves is that the 

indicationn for long-term anticoagulation is less strong. There are several studies 

reportingg on an increased risk of bleeding complications in elderly patients treated with 

VKA.. In a cohort study of outpatients followed by the Dutch Thrombosis Service, a 

relativee risk for major bleeding of 1.5 every 10 years increase above the age of 40 years 

wass found14. In a study of Fihn et al, only an age of 80 years or older appeared to be a 

riskfactorr for bleeding15. On the other hand, the risk for thromboembolism seems to be 

increasedd in the elderly as well2. Somewhat in contrast to these findings, Masters et al 

foundd in their cohort-study of 1245 patients no difference in thromboembolic and 

bleedingg complications in the group above 65 years of age as compared to the patients 

youngerr than 65 years16. These patients were treated with VKA with a target INR 

betweenn 2.5 and 3.5. 
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PregnancyPregnancy in patients with mechanical prosthetic valves 
Sincee pregnancy induces changes in hemostasis predisposing to thromboembolic 

complications,, it is essential that pregnant women with mechanical heart valves receive 

optimall anticoagulant therapy throughout the pregnancy period. However, there is a 

lackk of reliable data on the efficacy and safety of anticoagulant therapy in these women. 

VKAA carries the risk for embryopathy especially when it is administered in the early 

phasee of pregnancy. Reported incidences varies between 0 and 67%1718. VKA-

associatedd embryopathy is thought to occur between 6 and 12 weeks of pregnancy and 

consistss of nasal cartilage deformities. In addition, VKA crosses the placenta and 

thereforee can cause fetal hemorrhage, in particular during delivery. Therefore, it can 

alsoo not be used in the last 4-6 weeks of pregnancy. 

Thee risk of embryopathy can be prevented when oral anticoagulants are 

substitutedd by heparin. Nevertheless, switching to unfractionated heparin during the first 

trimesterr can lead to an increased risk of thromboembolism and serious bleeding 

complicationss as shown by a study of Salazar et al19. In their study, an adjusted dose of 

subcutaneouss unfractionated henarin ^UFH) was administered in the first trimester and 

inn the last two weeks of gestation. An average dose of 8000 units every 8 hour to 

maintainn the activated partial thromboplastin time between 1.5 and 2.5 times the 

controll level. They followed prospectively 40 pregnancies in 37 women. Pregnancy 

resultedd in live births in 22 cases. Two paiients died as a result of valve thrombosis 

duringg adequate treatment with heparin. One patient died from a gastrointestinal 

bleedingg while on VKA-therapy. In addition, there was one neonatal death due to 

cerebrall hemorrhage. 

Recently,, low molecular weight heparin (LMWH) was considered as a potential 

alternativee because it results in stable anticoagulation without the need for monitoring 

andd dose adjustments and it may produce less bleeding than subcutaneous UFH. 

Although,, there is only little evidence regarding the safety of LMWH in terms of 

preventionn of valve thrombosis and embolism the use of LMWH is widespread20. In 

conclusion,, no method of anticoagulation is free of risk, and anticoagulant strategies 

mustt be based on a trade off between risks and benefits and on local experience. A 

reasonablee approach consist of administration of UFH or LMWH in therapeutic dosage in 

thee first trimester, then switch to VKA and followed by reinstitution of UFH or LMWH four 

weekss before delivery, or in low risk patients by adjusted-dose LMWH therapy 

throughoutt pregnancy21. 

ManagementManagement of anticoagulation during non-cardiac surgery 
Theree is no consensus about the optimal management of anticoagulation during the 

perioperativee period for patients with artificial heart valves receiving VKA. Ideally, 

randomisedd controlled trials or large cohort-studies are needed to make guidelines for 
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dailyy clinical practice. Since these studies are not available, decisions should be made 

byy quantifying the risk of thrombosis and bleeding of the various anticoagulation-

strategies.. The opinions from experts are diverse varying from temporary 

discontinuationn of VKA a few days before surgery and reinstitution after surgery to 

completee coverage with intravenous unfractionated heparin (UFH) only shortly 

interruptedd during the surgical procedure22. Temporary discontinuation of 

anticoagulantss increases the risk for valve thrombosis and embolism. This risk is 

unknownn because there are no data from patients without long-term anticoagulation, 

butt may be higher than expected since the prothrombotic effect of the surgery itself and 

thee rebound hypercoaguability phenomenon could increase the risk of thromboembolic 

complications.. However, this has not been demonstrated clinically. On the other hand, 

continuationn of anticoagulants perioperatively, or restarting too soon after surgery can 

causee serious bleeding. The risk for bleeding complications depends on patient-

characteristics,, type of intervention and the timing of stopping and restarting the 

heparinn infusion. 

Thee use of LMWH as an alternative agent in the perioperative period is now subject 

off prospective trials. The potential benefit is avoiding hospitilization solely for 

anticoagulationn with intravenous unfractionated heparin. However, the half-life of LMWH 

iss prolonged as compared to UFH and the clearance is not always predictable. This 

makess it difficult to time the last preoperative injection and therefore this strategy 

carriess a certain risk for perioperative bleeding. Thus although there are no published 

trialss showing that the use of LMWH in this setting is safe in terms of bleeding and 

thromboembolism,, a more aggressive anticoagulant approach may be considered, 

especiallyy since the case-fatality rate of thromboembolism is high. 

ATRIALL FIBRILLATION 

Thee prevalence of atrial fibrillation (AF) is related to age. In patients older than age 40 

thee prevalence of AF is 2.3% and in those older than 65 years 5.9%. Approximately 70% 

off the individuals with AF are between 65 and 85 years of age23. AF is an independent 

riskk factor for stroke, and mortality in stroke patients with AF is higher than in those 

withoutt AF24. The incidence of stroke in patients with AF increases by age, from 1.3% 

perr year in those ages 50 to 59 years, to 5.1% per year by those ages 80 to 89 years25. 

Thee risk for stroke among patients with AF is estimated to be 5 times greater than that 

forr comparable patients in sinus rhythm26. 

Atriall fibrillation leads the loss of atrial contraction and to stasis of blood, which is 

mostt marked in the left atrial appendage. The rate of thromboembolism, especially 

stroke,, is related to several clinical factors. Pooled data from large randomised trials 

givee insight in these risk factors which are summarised in Table I I 2 7 3 0 . The independent 
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clinicall risk factors identified with multivariate analysis were age above 65 years, a 

previouss thromboembolism, a history of hypertension and diabetes mellitus. Two 

transthoracicc echocardiographic predictors of increased risk can be identified, i.e. an 

increasedd left atrial diameter and left ventricular dysfunction. Additional 

echocardiographicc evaluation is useful, since almost 40% of patients with AF classified 

att low risk using clinical variables were found to be at higher risk on the basis of 

additionall echocardiographic information28. On the basis of these results, subgroups of 

patientss with low risk for thromboembolism can be identified in whom a less intense 

anticoagulantt strategy, with lower risk for bleeding but with optimal prevention of 

thromboembolicc events, may be effective. 

Tabl ee II. Risk factors for thromboembolism in patients with atrial fibrillation272930 

Riskk factors for thromboembolism 

Previouss thromboembolism 

Hypertension n 

Diabetess mellitus 

Heartfailure e 

Agee above 65 year 

Leftt ventricular dysfunction 

Leftt atrium enlargement 

TrialsTrials  of  anticoagulation 
Severall randomised controlled trials have been performed to evaluate the efficacy and 

safetyy of VKA and antiplatelets agents for the prevention of thromboembolism, 

especiallyy stroke, in patients with AF. In 1994, data from five randomised trials 

comparingg VKA or aspirin versus no treatment trials were pooled29. Only 6% of the study 

populationn had a history of thromboembolism, therefore the results of this meta-

analysiss can be translated to recommendations for the primary prevention. The 

incidencee of ischemic stroke in the placebo group was 4.5% per year as compared to 

1.3%% per year for patients treated with VKA. Overall, VKA decreased the frequency of 

ischemicc stroke with 68%. A majority of the patients in the VKA group with ischemic 

strokee were not taking VKA at the time of the event or had an subtherapeutic INR. The 

relativee risk reduction for patients taking aspirin is 38% as compared to the placebo 

group.. Unfortunately, a direct comparison of the efficacy between VKA and aspirin was 

nott performed. The annual frequency of major bleeding events was 1.3% in VKA-treated 
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patients,, 1.0% in patients treated with aspirin and 1.0% in patients receiving placebo or 

noo treatment. 

Onee large trial for the secondary prevention of atrial fibrillation was performed 

(Tablee III). In the EAFT-trial, 1007 patients with a recent transient ischemic attack or 

strokee were randomised to VKA, aspirin or placebo31. When patients had an absolute 

contraindicationn for VKA, they were randomised for aspirin or placebo. The incidence of 

ischemicc and hemorrhagic stroke was 4% in the VKA-treated group versus 12% in the 

placeboo group. Aspirin was more effective than placebo in the prevention of all strokes, 

althoughh the difference was not statistically different (10%/year versus 12%/year, 

p=0.31).. In a direct comparison between VKA and aspirin, VKA were more effective than 

aspirinn in the prevention of all strokes (hazard ratio 0.38, p<0.001). However, patients 

withh major stroke were excluded from the study, and it is possible that they are prone to 

hemorrhagicc transformation after ischemic stroke when treated with anticoagulants. 

Tabl ee III. Primary and secundary prevention of (ischemic) stroke in patients with atrial 

fibrillation n 

Primaryy prevention 29* 

Secondary y 

prevention311 1 

Treatment t 

VKAA vs placebo 

aspirinn vs placebo 

VKAA vs placebo 

aspirinn vs placebo 

VKAA vs aspirin 

Numbe rr  of 

patientss (n) 

2461 1 

2036 6 

439 9 

782 2 

455 5 

RRRR (%) 

68 8 

36 6 

68 8 

11 1 

67 7 

NNT(n) ) 

32 2 
- § § 

12 2 

53 3 

14 4 

RRRR = relative risk reduction of a (ischemic) stroke; NNT= number needed to treat to prevent one (ischemic) stroke 

** primary outcome ischemic stroke; t primary outcome ischemic and hemorrhagic stroke; § Not specified 

LowLow  risk  and high  risk  patients 
Patientss with atrial fibrillation without one of the risk factors for stroke have an annual 

riskk for stoke of 1.0%29. The SPAF-lll-investigators have attempted to identify groups of 

patientss who have a low risk of thromboembolism and who could be satisfactorily 

managedd with aspirin in stead of VKA32:33. Risk stratification was based on the results of 

thee SPAF-I and SPAF-II- studies3435. Patients were classified as low risk patients based 

onn the absence of four predefined thromboembolic risk factors: recent congestive heart 

failure,, previous thromboembolism, systolic bloodpressure greater than 160 mmHg, or 

femalee sex at age older than 75 years. These low-risk patients were treated with aspirin 
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325mgg per day. Patients with one or more risk factors were treated with adjusted-dose 

VKAA (INR 2.0-3.0) or low intensity, fixed-dose VKA plus aspirin. The annual incidence of 

thromboembolismm (ischemic stroke and systemic embolism) was 2.2% for low risk 

patientss with aspirin, 1.9% for high risk patients with VKA and 7.9% for high risk 

patientss with low dose VKA and aspirin. On the basis of these findings, it can be 

concludedd that in patients with a low risk for thromboembolism treatment with aspirin 

iss relatively safe and can be considered. 

Thee SPAF-ill study also identified patients with a high intrinsic risk for 

thromboembolism,, with one of the above mentioned risk factors. A transoesophageal 

echocardiographyy (TEE) was performed in order to identify other mechanisms which 

mayy contribute to stroke in patients with atrial fibrillation36. TEE was done within 3 

monthss after these high risk patients were randomly assigned to adjusted dose VKA 

(INRR 2.0-3.0) or combination therapy with low-dose VKA (INR 1.2-1.5) and aspirin. 

Patientss with dense spontaneous echocardiographic contrast assigned to 

combinationn therapy had an event rate of 18.2% per year and a relative risk of 2.7 

comparedd with patients without dense contrast. Patients in the VKA group who had 

densee echocardiographic contrast had an event rate of 4.5% per year. The relative risk 

reductionn was 75% compared with the combination therapy group. Complex aortic 

plaquee was strongly associated with an increased risk for thromboembolism in patients 

assignedd to low dose VKA and aspirin; the event rate was 15.8% per year in these 

patientss compared with 4.0% per year in patients with VKA. In addition, the trial was 

stoppedd after an observation period of 1 year because the lack of efficacy of the low 

dosee VKA and aspirin regimen. 

IntensityIntensity of anticoagulation in AF 
Thee optimal intensity of oral anticoagulation, defined as the intensity at which the 

incidencee of both thromboembolic and bleeding complications is lowest, is a delicate 

equilibrium.. Only one study has compared different intensities of oral anticoagulation in 

aa randomised fashion. A target INR between 2.5 and 3.5 was compared with low 

intensityy VKA therapy (INR 1.1-1.6) for the primary prevention of thromboembolism in 

patientss with AF in general practice37. The incidence of thromboembolism and major 

bleedingg did not differ between the two groups. The small number of participants in the 

studyy and the low overall event rate limits the power to detect a difference. The EAFT-

investigatorss calculated INR-specific incidence rates for both ischemic and hemorrhagic 

eventss occurring in 214 patients38. The authors conclude that the optimal level of 

anticoagulationn lies between 2.0 and 3.9. However, a more precise analysis of the 

resultss shows that the lowest number of ischemic and hemorrhagic events occur at a 

INR-levell between 2.0 and 2.9. Hylek et al. performed a case-control study of the lowest 

effectivee intensity of VKA39. Seventy-four patients with AF and ischemic stroke were 
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identifiedd and matched with 222 controls. An increase in the risk of stroke was 

observedd below INR-values of 2.0. In contrast, an INR of 2.0 or greater not only reduces 

thee frequency of stroke, but also its severity and the risk of death from stroke40. These 

findingss provide evidence against the use of low intensity VKA and supports maximal 

protectionn with an INR between 2.0 and 3.0. 

ElderlyElderly  patients  with  AF 
Despitee the proven effectiveness and safety of oral anticoagulation for 

thromboembolismm prophylaxis in AF, VKA remains underused, especially among the 

elderlyy (75 years and older), who are at the greatest risk of stroke and would likely 

benefitt most from prophylactic anticoagulation. Due to the fear of the risk of bleeding, 

manyy physicians are reluctant to prescribe VKA therapy for patients with increasing age. 

VKAA is used in only a minority of the patients. Physicians continue to prescribe aspirin, 

despitee the lack of efficacy in this age group. An analysis of pooled data from 3 

randomisedd trials did not show a benefit of aspirin compared to placebo in the age 

groupp above 75 year41. The rate of major bleeding while receiving VKA was 2.3% per 

yearr versus 1.1% per year for patients receiving aspirin42. But higher bleeding rates may 

occurr in clinical practice, when there is less restrictive patient selection and less intense 

anticoagulationn monitoring, although a recently published clinical review showed similar 

ratess of stroke and major bleeding in patients in actual clinical practice compared to 

thosee treated with VKA in a randomised clinical trial setting43. Attempts to reduce the 

riskk of bleeding by using low-intensity VKA plus aspirin have been associated with a four-

foldd increase in stroke compared to adjusted-dose VKA, without a decrease in the risk 

forr bleeding33. 

Theree are no clinical trials comparing VKA with aspirin in older patients. However 

aa subgroup analysis of the SPAF-II study compared the efficacy of aspirin with VKA 

(meann INR 2.6) in 385 patients older than 75 years of age35. The mean age was 80 

yearss with a mean follow up of 2 years. A history of hypertension was present in 52% of 

thee patients. The VKA-assigned patients had a 1.2% lower rate of thromboembolism 

thann the aspirin-assigned patients. (3.6% versus 4.8%). The total number of 

thromboembolismm and intracranial bleeding was decreased in the VKA-group, although 

nott significantly. Ezekowitz et al showed in their randomised trial comparing VKA (INR 

1.4-2.8)) with placebo, that in a subgroup of patients over 70 years of age, VKA 

preventedd cerebral infarction without producing an excess of major bleeding44. Thus, 

althoughh VKA is associated with a greater risk for bleeding, the risks do not offset the 

benefitss in these older patients if VKA are carefully administered. 
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NewNew anticoagulants 
Clopidogrell is an ADP receptor antagonist that in combination with aspirin is indicated 

forr the secondary prevention of cardiovascular events after acute coronary syndromes or 

percutaneouss coronary interventions. In the CURE-study, the addition of clopidogrel to 

aspirinn resulted in a 2 1 % reduction of thromboembolic events45. In addition, there was a 

reductionn in stroke in clopidogrel-treated patients. Although the pathological 

mechanismm of stroke may differ in patients with AF, there is rationale that a 

combinationn of aspirin with clopidogrel conferred protection against thromboembolism. 

Howeverr this has not been evaluated in a randomised fashion. 

Thee oral direct thrombin inhibitor ximelagatran inhibits the conversion of 

fibrinogenn to insoluble fibrin. There is no need for dose titration or coagulation 

monitoring,, which is an advantage and may increase the compliance. A recently 

publishedd phase II study compared 3 dosages of ximelagatran (20, 40 or 60 mg twice 

daily)) with VKA (INR 2.0-3.0) for the prevention of ischemic stroke in 257 patients with 

atriall fibrillation46. The aim of the study was to investigate the safety and tolerability 

andd the treatment duration was 12 weeks. The total number of bleeding was low and 

comparablee in all treatment groups. One ischemic stroke and one TIA occured in the 

ximelagatrann group. One major bleed was observed in a VKA-treated patient. In the 

SPORTIFF III trial ximelagatran 36 mg twice daily was compared with VKA (INR 2.0-3.0)47. 

Thiss phase III study was conducted in 3407 patients with non-valvular atrial fibrillation. 

Patientss were treated for between 12 and 26 months. The combined rates of 

thromboembolism,, major bleeding and death was 4.6% in the ximelagatran group 

comparedd with 6 .1% in the VKA group. Furthermore, the combined rate of major and 

minorr bleeding was also significantly lower for ximelagatran compared with VKA 

(p=0.007). . 

Loww molecular weight heparin (LMWH) has been evaluated for the treatment of 

acutee stroke in patients with atrial fibrillation. In the HAEST-trial, LMWH (dalteparin 100 

lU/kg,, twice daily) was compared with aspirin 160 mg/day for the treatment of acute 

ischemicc stroke in 449 patients48. The aim of the study was to investigate whether 

LMWHH was superior to aspirin for the prevention of early recurrent stroke during the first 

144 days. The frequency of recurrent ischemic stroke was 8.5 % in the LMWH group 

versuss 7.5 % in aspirin allocated patients during the first 14 days. Other endpoints 

(cerebrall hemorrhage, progression of symptoms within 48 hrs and death) also revealed 

noo benefit of LMWH. 

CONCLUSION N 

Lifelongg anticoagulation with VKA is recommended in patients with mechanical heart 

valves.. However, the optimal anticoagulant level is an ongoing matter of debate. On the 
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basiss of several studies, recommendat ions for daily clinical practice can be made. These 

recommendat ionss vary among Europe and United States. Guidelines for the prevention 

off thromboembol ic complicat ions in patients with atrial f ibri l lation are more stringent 

andd evidence based. VKA with a target INR between 2.0 and 3.0 is more effective in the 

preventionn of stroke than aspirin, especially in the presence of risk factors for 

thromboembol ismm (age above 65, previous thromboembol ism, history of hypertension 

andd diabetes, enlarged left atrial diameter and left ventricular dysfunction). In the 

absencee of clinical or echocardiographical risk factors for th romboembol ism, patients 

mayy be safely treated with aspirin. 
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ABSTRACT T 

Objective:Objective: The objective of this study was to compare two different intensities of vitamin 

KK antagonists (VKA) among patients with mechanical heart valves using meta-analytic 

techniques. . 

Background:Background: Patients with mechanical heart valves are at increased risk for valve 

thrombosiss and systemic embolism, which can be reduced by VKA. The range of optimal 

intensityy of VKA is still a matter of debate. Methods: A computerized search in the 

Pubmedd database was made for relevant articles. A meta-analysis was performed of all 

eligiblee studies with data on the incidences of thromboembolic and bleeding 

complicationss in patients with mechanical heart valve prostheses during different 

intensitiess of VKA therapy. The studies were classified into low intensity VKA therapy 

(meann target INR of 3.0 or lower) or high intensity VKA therapy (mean target INR above 

3.0). . 

Results:Results: 35 eligible studies were identified including in total 23145 patients, that were 

studiedd for 108792 patient-years. For patients with an aortic valve, high intensity results 

inn a lower incidence of thromboembolic events (RR=0.73, p<0.0001), however the 

incidencee of bleeding was increased (RR=1.23, p<0.0001). In the mitral valve group, the 

incidencee rate for thromboembolism was lower in the high intensity group (RR=0.74, 

p<0.0001),, without a significantly increased bleeding incidence (RR=1.08, p=0.0524). 

Thee total number of thromboembolic and bleeding events was decreased in the high 

intensityy group as compared to low intensity VKA therapy for both aortic and mitral 

valvee prostheses (RR=0.94 (p=0.0067) and 0.84 (p<0.0001)), respectively. 

Conclusion:Conclusion: This meta-analysis shows that both aortic and mitral valves will benefit from 

aa treatment strategy with a target INR higher than 3.0. 
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INTRODUCTION N 

Patientss with mechanical heart valves are at increased risk for valve thrombosis and 

systemicc embolism, predominantly stroke. The incidence rates of these serious 

complicationss can be reduced by vitamin K antagonist (VKA) therapy and life-long 

anticoagulationn is recommended in patients with mechanical heart valves. However, 

life-longg anticoagulant therapy is associated with a risk of severe and sometimes fatal 

bleeding.. The relation between preventing thromboembolism and introducing bleeding 

complicationss is represented by an U-shaped relation between the intensity of VKA and 

thee risk of thromboembolic - and bleeding events. The optimal VKA intensity, therefore, 

definedd as the intensity at which the incidence of both thromboembolic as well as 

bleedingg complications is lowest, is a delicate equilibrium. The first ACCP guidelines 

publishedd in 1986 recommended an INR between 3.0 and 4.5, regardless of the 

positionn of the valve12. In 1995 Cannegieter et al. described, based on a discrepancy 

betweenn targeted and achieved INR, the relation between the effectiveness of 

anticoagulationn and the actually achieved intensities3. The study showed that the 

optimall intensity of anticoagulation, resulting in the fewest adverse events, lies between 

INRR levels of 2.5 to 4.9. The incidence of the events rises sharply above or below this 

range.. As a target range, they recommended an INR of 3.0 to 4.0 for both aortic and 

mitrall valves, although it was shown that the risk of thromboembolic complications 

appearss to vary with the position of the valve. Patients with a prosthesis in the mitral 

positionn have a significantly higher risk of thromboembolic complications than those 

withh an aortic valve prosthesis4. Based on this discrepancy, more recently, a minor 

discriminationn in anticoagulation intensity was recommended between aortic and mitral 

valvess and the target range was lowered to 2.0 and 3.55, depending on the position and 

typee of the valve. These latest guidelines, however, are based on only a few studies. 

Thus,, the range of optimal intensity of VKA is an ongoing matter of debate, moreover 

sincee it is difficult to assess the individual risk of thromboembolism and bleeding in a 

individuall patient. To obtain reliable estimates on the adverse events and to make 

guideliness for daily clinical practice we performed an extended analysis of all published 

studiess with data on the incidence of thromboembolic and bleeding events in patients 

withh a mechanical heart valve in either the aortic or the mitral position during different 

intensitiess of VKA therapy. 
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METHODS S 

SelectionSelection  of  articles 
AA computerized search in Pubmed database over the period January 1965 to June 2002 

wass performed to retrieve studies with data on the incidences of thromboembolic and 

bleedingg complications in patients with mechanical heart valve prostheses. The key 

wordss used were: heart valve prosthesis, mechanical heart valve, anticoagulants, 

coumarin,, warfarin, thromboembolism and hemorrhage. Subsequently, a manual 

searchh of the reference lists from the retrieved articles was done to identify additional 

articles.. Only studies which met the following criteria were included: 1) possibility to 

differentiatee between aortic valve prosthesis and mitral valve prosthesis, 2) 

specificationn of the target INR or prothrombin time of VKA-therapy, 3) no change in the 

targett INR or prothrombin time ratio during follow up, 4) thromboembolic and bleeding 

eventss classified according to Edmunds et al 6 or otherwise adequately classified and 5) 

meann age of the patients older than 18 years. Studies were excluded when: 1) the 

numberr of patients lost to follow up was larger than 5%, 2) the study included 

bioprosthesess or caged-ball valves, 3) the patients received antiplatelet therapy alone or 

antiplatelett therapy in combination with VKA and 4) the cohort was the same as 

reportedd in another included study. 

DataData extraction 
Alll potentially eligible articles were evaluated independently by two reviewers. Data on 

thee position and type of the prosthetic valve, target INR or prothrombin time ratio, 

numberr of patients and patient-years were extracted from each study. The outcome 

eventss of interest included valve thrombosis, systemic embolism and bleeding. A data 

formm was used to collect this information. Disagreements were resolved by consensus. 

OutcomeOutcome  events 
Thee events were analysed according to the guidelines for reporting morbidity and 

mortalityy after cardiac valvular operations of Edmunds et al6. Briefly, thromboembolic 

eventss included all neurologic and peripheral embolic events. A neurologic event 

includess any new, temporary or permanent focal or global neurologic deficit. A 

peripherall embolic event is an operative, autopsy proven or clinically documented 

emboluss that produces symptoms from complete or partial obstruction of a peripheral 

artery.. Valve thrombosis is any thrombus, in the absence of infection, that occludes (part 

of)) the transvalvular blood flow and/or that interferes with the function of the valve. 

Valvee thrombosis may be documented by operation, autopsy or clinical investigation 

(e.g.. echocardiography, angiocardiography or magnetic resonance imaging). A bleeding 
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eventt is defined as any episode of major internal or external bleeding that causes death, 

hospitalization,, permanent injury or requires transfusion. 

Subgroups Subgroups 
Wee separately analysed studies with aortic and mitral valve prostheses. These studies 

weree subdivided into low intensity VKA therapy or high intensity VKA therapy. Low 

intensityy VKA therapy was defined as a mean target INR of 3.0 or lower. High intensity 

wass defined as a mean target INR above 3.0. The results of the thrombotest (TT) and 

prothrombinn time ratios were converted to International Normalized Ratios (INR), using 

thee ISI of the prothrombin time assays as reported by the authors or requested from 

them. . 

StatisticalStatistical  analysis 
Forr each outcome event and per study separately, an annual incidence (number of 

outcomee events divided by the number of patient-years) and its standard error was 

caicuiated.. in case the number of events was zero, a statistical correction for the 

standardd error was made by adding a fictive number of 0.5 events to the number of 

eventss and to the number of patient-years. The significant Chi-square test for each 

outcomee result may implicate heterogeneity between the studies. Therefore we did not 

usee the fixed effect method, but the random effect method. Since study size would have 

smalll effect in a random effect model, the calculated incidences were averaged by 

addingg the yearly incidence rates of all studies divided by the number of studies. Ninety-

fivee percent confidence intervals (CI) of rate ratios were calculated with the assumption 

off a Poisson distribution. Statistical significance between the incidences of two groups 

wass calculated using the Wald test. A p-value less then 0.05 (two-sided) was considered 

too be statistically significant. 

RESULTS S 

Studies Studies 
Thee literature search identified 141 potentially eligible articles. Of these 141 articles, 35 

couldd be included in the analysis. Reasons for exclusion were: inability to differentiate 

betweenn aortic and mitral valves (23 studies), intensity of oral anticoagulant therapy 

wass not specified (27 studies), the use of antiplatelet therapy (14 studies), the events or 

patient-yearss were not specified (18 studies), the cohort was the same as another 

includedd study (8 studies), lost to follow up not specified or exceeding 5% (6 studies), or 

otherr reasons (10 studies). The list of excluded articles will appear in the online 

appendixx for this article (www.cardiosource.com/JACC.html). 
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Nott all of the outcome events were reported in all of the studies. Of the 35 studies, 

266 were eligible for analysts of both aortic and mitral valve prostheses732. Four studies 

onlyy reported on aortic valve prostheses3336 and five other reports concerned mitral 

valvee prostheses only 37-41. The 35 studies included 23.145 patients with a total of 

108.7922 patient-years. For the aortic valve prostheses group 13.337 patients were 

followedd for 63.432 patient-years and 9808 patients in the mitral valve prostheses 

groupp were followed for 45.360 patient-years. In the high intensity VKA group, the 

highestt observed upper limit of the INR was 4.8. 

Inn Tables I and II the results of the separate studies are given, divided in 4 

subgroups,, i.e. patients with prosthetic aortic valves or prosthetic mitral valves with 

eitherr high or low intensity VKA therapy. 

HighHigh  vs.  low  intensity  VKA therapy  in  patients  with  aortic  valve  prostheses 
Thee incidence rates of valve thrombosis, thromboembolism and bleeding for high and 

loww intensity VKA therapy in patients with an aortic valve prosthesis are shown in Table 

III,, expressed as number of events per 1000 patient-years. With high intensity VKA 

therapyy (mean target INR above 3.0), the incidence of valve thrombosis was 0.87 per 

10000 patient-years and the incidence of embolism was 9.83 per 1000 patient-years as 

comparedd with 1.16 events per 1000 patient-years and 13.09 per 1000 patient-years 

forr the low intensity group (mean target INR below 3.0), with risk ratios of 0.75, 95% CI 

0.50-1.133 and 0.75, 95% CI 0.70-0.81, respectively. The total number of 

thromboembolicc events (a combination of valve thrombosis and embolism together) 

wass 10.01 per 1000 patient-years for the high intensity group and 13.69 per 1000 

patient-yearss for the low intensity group (risk ratio = 0.73, 95% CI 0.68-0.78). There was 

ann increase in the incidence of bleeding events in the high intensity group as compared 

withh low intensity VKA therapy (14.89 versus 12.06 per 1000 patient- years; risk ratio = 

1.23,, 95% CI 1.16-1.31). The total number of events, i.e. all thromboembolic and 

bleedingg events, in the high intensity group was 23.84 per 1000 patient years; in the 

loww intensity group 25.39 events per 1000 patient years. This is a decrease of events 

withh a significant risk ratio of 0.94 (95% CI 0.88-0.99). 
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Tab l ee I. Overview of studies used for the analysis of mechanical aortic valves 

Author r Valvee type 

Highh intensity aortic valve 
Ariss 1996 7 

Nitter-Haugee 1996 8 

Milanoo 1992 9 

Peterr 1993 10 

Obadiaa 1997 33 

Podesserr 1998 " 
Debetazz 1997 " 
Aagaardd 1995 13 

Sethiaa 1986 " 

MS S 
MH H 
SO O 
OC C 
MH H 

ED D 
SJ J 
CM M 
BS S 

Loww intensity aortic valve 
Kimm 1994 15 

Torregrosaa 1999 16 

Bormann 1998 17 

Akinss 1996 » 
Goldsmithh 1999 1CI 

Bortolottll 2 0 0 1 2

Smithh 1993 2 1 

Dalrymplee 2000 22 

Ismenoo 2 0 0 1 34 

Nistall 1996 23 

Baudett 1995 24 

Khann 2 0 0 1 2 5 

Thevenett 1995 26 

Nakanoo 1994 2? 
Fianee 1998 28 

Lundd 1990 35 

Zellnerr 1994 29 

Olesenn 1 9 9 1 3 6 

Otakii 1993 30 

Damlee 1987 32 

Aromm 1987 3 1 

MH/MS S 
OC C 
SO O 
MH H 
SO O 
SO O 
SJ J 
CM M 
SJ J 
CM M 
SJ J 
SJ J 
OC C 
SJ J 
CM M 
SJ J 
SJ J 
LK K 
OC C 
OS S 
SJ J 

Legendd to Tables 1 and II 

** expressed as numbe 

Ptyrs s 

12929 9 
7 6 1 1 1 
1650 0 
269 9 
884 4 

1978 8 
1750 0 
647 7 

1 1 2 1 1 

28839 9 

1045 5 
970 0 

1593 3 
765 5 
505 5 

1703 3 
1640 0 
2495 5 
512 2 
522 2 

6419 9 
3 8 8 1 1 
760 0 

1919 9 
3176 6 
296 6 

2376 6 
2 3 0 1 1 
166 6 
454 4 

1095 5 

34593 3 

VT* * 

0,08 8 
0,53 3 
0,61 1 
1,86 6 
0,57 7 

ns s 
1,71 1 
0,77 7 

ns s 
0,87 7 

ns s 
0,52 2 
0,63 3 
0,65 5 
0,99 9 
0,59 9 
0,30 0 
0,40 0 
0,98 8 
0,96 6 
2,49 9 
3,09 9 
0,66 6 
0,52 2 
0,31 1 
1,69 9 
2,95 5 
0,87 7 
3,01 1 
1,10 0 
0,46 6 

1,16 6 

TE* * 

8,74 4 
18,00 0 
12,12 2 
7,43 3 
5,66 6 

ns s 
20,00 0 
3,09 9 
3,57 7 

9,83 3 

8,61 1 
1,03 3 

11,30 0 
13,07 7 
27,72 2 
13,51 1 
6,10 0 

16,43 3 
3,91 1 

30,65 5 
8,41 1 

24,99 9 
1,32 2 

13,03 3 
8,82 2 

13,51 1 
20,20 0 
13,47 7 
3,01 1 

22,03 3 
13,70 0 

13,09 9 

rr of events per 1000 patient-years 

VTT = valve thrombosis 

TEE = thromboembol ism 

VT+TEE = all valve thrombosis and thromboembol ism 

Hemorr = hemorrhage 

CII = confidence interval 

Alll = all thromboembol ic and bleeding events 

Ptyrss = patient-years 

nss = not specified 

agee = mean age at ee implantat ion 

VT/TE* * 

8,82 2 
18,53 3 
12,73 3 
7,43 3 
5,66 6 

8,59 9 
21 ,71 1 
3,09 9 
3,57 7 

10 ,01 1 

8,61 1 
1,03 3 

11,93 3 
13,07 7 
27,72 2 
14,09 9 
6,10 0 

16,83 3 
3,91 1 

30,65 5 
10,91 1 
28,09 9 
1,32 2 

13,55 5 
9,13 3 

13,51 1 
23,15 5 
15,21 1 
3,01 1 

22,03 3 
13,70 0 

13,69 9 

Hemor* * 

8,97 7 
ns s 

9,09 9 
11,15 5 
30,54 4 

16,68 8 
33,14 4 
7,73 3 
1,78 8 

14,89 9 

ns s 
10,31 1 
12,55 5 
16,99 9 
23,76 6 
13,51 1 
9,76 6 

16,43 3 
1,95 5 

19,16 6 
9,50 0 

20,10 0 
6,58 8 
1,04 4 
6,93 3 

ns s 
26,94 4 
6,52 2 
3,01 1 

ns s 
ns s 

12,06 6 

Valvee tvoes 
MH H 

SJ J 

CM M 

SO O 

OC C 

OS S 

BS S 

MS S 

LK K 

ED D 

Al l * * 

17,79 9 
ns s 

21,82 2 
18,59 9 
36,20 0 

25,28 8 
54,86 6 
10,82 2 
5,35 5 

23,84 4 

ns s 
11,34 4 
24,48 8 
30,07 7 
51,49 9 
27,60 0 
15,85 5 
33,27 7 
5,86 6 

49 ,81 1 
20 ,41 1 
48,18 8 
7,89 9 

14,59 9 
16,06 6 

ns s 
50,08 8 
21,73 3 
3 ,01 1 

ns s 
ns s 

25,39 9 

Medtronicc Hall 

StJude e 

Carbomedics s 

Sorin n 

Omnicarbor r 

Omniscience e 

Björk-Shiley y 

Monostrut t 

Lillehei-Kaster r 

Edwardss Du romedics s 

Age e 

53 3 
56 6 
48 8 
6 1 1 
63 3 

55 5 
58 8 
57 7 
50 0 

56 6 

55 5 
54 4 
58 8 
57 7 
58 8 
60 0 
54 4 
63 3 
64 4 
54 4 
57 7 
65 5 
58 8 
48 8 
62 2 
60 0 
55 5 
53 3 
49 9 
5 1 1 
ns s 

57 7 

%Male e 

52 2 
69 9 
78 8 
67 7 
82 2 

64 4 
32 2 
6 1 1 
ns s 

58 8 

52 2 
75 5 
60 0 
76 6 
56 6 
72 2 
72 2 
68 8 
34 4 
74 4 
69 9 
5 1 1 
57 7 
67 7 
57 7 
53 3 
70 0 
73 3 
47 7 
70 0 
ns s 

64 4 
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Tabl ee II. Overview of studies used for the analysis of mechanical mitral valves 

Author r 

Highh intensity-mitral 

Ariss 1996 7 

Nitter-Hauge e 

Milanoo 1992 9 

Remadii 2 0 0 1 3 7 

Dalrymplee 2000 22 

Jegadenn 1994 38 

Goldsmithh 1999 19 

Bormann 1998 17 

Peterr 1993 "> 

Debetazz 1997 12 

Podesserr 1998 11 

Thevenett 1995 26 

Aagaardd 1995 13 

Sethiaa 1986 14 

Valvee type 

valve e 

MS S 

MH H 

SO O 

SJ J 

CM M 

SJ J 

SO O 

so o 
oc c 
SJ J 

ED D 

OC C 

CM M 

BS S 

Loww intensity-mitral valve 

Kimm 1994 « 

Hayashii 1994 39 

Torregrosaa 1999 16 

Akinss 1996 » 

Bortolottii 2 0 0 1 2 0 

Cami l l e r i 2001 4 0 0 

Nistaii 1996 23 

Baudett 1995 24 

Khann 2 0 0 1 2 5 

Nakanoo 1994 27 

Fianee 1 9 9 8 2 8 

Z e l l n e r l 9 9 4 2 9 9 

D a m l e l 9 8 7 3 2 2 

Aromm 1987 31 

Fioree 1998 4 1 

Otakii 1993 30 

MH/MS S 

SJ J 

OC C 

MH H 

SO O 

SO/SJ J 

CM M 

SJ J 

SJ J 

SJ J 

CM M 

SJ J 

OS S 

SJ J 

MH/SJ J 

OC C 

Ptyrs s 

11549 9 

1632 2 

963 3 

4877 7 

1096 6 

1334 4 

316 6 

1120 0 

117 7 

1000 0 

1286 6 

444 4 

333 3 

1788 8 

27855 5 

708 8 

845 5 

1210 0 

4 8 1 1 

1 0 2 1 1 

396 6 

4 3 1 1 

1580 0 

2662 2 

3318 8 

677 7 

1868 8 

547 7 

778 8 

789 9 

194 4 

17505 5 

VT* * 

0,35 5 

1,84 4 

1,04 4 

2,05 5 

0,46 6 

ns s 

1,58 8 

5,36 6 

4,27 7 

0,50 0 

ns s 

2,25 5 

3,00 0 

ns s 

2,06 6 

ns s 

ns s 

2,48 8 

2,08 8 

2,94 4 

7,58 8 

4,64 4 

4,43 3 

2,25 5 

0,90 0 

4,43 3 

0,54 4 

1,83 3 

3,86 6 

5,07 7 

5,15 5 

3,44 4 

TE* * 

17,14 4 

19,00 0 

12,46 6 

6,97 7 

14,60 0 

ns s 

9,49 9 

21,43 3 

17,09 9 

29,00 0 

ns s 

9,01 1 

18,02 2 

16,78 8 

15,91 1 

18,36 6 

15,38 8 

6,61 1 

20,79 9 

18,61 1 

12,63 3 

37,12 2 

17,72 2 

28,93 3 

15,97 7 

10,34 4 

33,73 3 

21,94 4 

25 ,71 1 

32,95 5 

5,15 5 

20,12 2 

VT/TE* * 

17,49 9 

20,83 3 

13,50 0 

9,02 2 

14,60 0 

20,99 9 

9,49 9 

26,79 9 

17,09 9 

29,00 0 

11,66 6 

11,26 6 

21,02 2 

16,78 8 

17,11 1 

18,36 6 

15,38 8 

9,09 9 

22,87 7 

21,55 5 

20,20 0 

41,76 6 

22,15 5 

31,18 8 

16,88 8 

14,77 7 

34,26 6 

23,77 7 

29,56 6 

38,02 2 

10,31 1 

23,13 3 

Hemor* * 

10,39 9 

ns s 

9,35 5 

9,84 4 

22 ,81 1 

9,00 0 

22,15 5 

6,25 5 

8,55 5 

34,00 0 

10,89 9 

11,26 6 

12 ,01 1 

1,68 8 

12,94 4 

ns s 

ns s 

7,44 4 

18 ,71 1 

10,77 7 

10,10 0 

27,84 4 

8,86 6 

19,16 6 

1,81 1 

2,95 5 

15,52 2 

ns s 

ns s 

17,74 4 

2,58 8 

11,96 6 

A l l * * 

27,88 8 

ns s 

22,85 5 

18,86 6 

37 ,41 1 

29,99 9 

31,65 5 

33,04 4 

25,64 4 

63,00 0 

22,55 5 

22,52 2 

33,03 3 

18,46 6 

29,76 6 

ns s 

ns s 

16,53 3 

41,58 8 

32,32 2 

30,30 0 

69 ,61 1 

31 ,01 1 

50,34 4 

18,69 9 

17,73 3 

49,79 9 

ns s 

ns s 

55,77 7 

10,31 1 

35,33 3 

Age e 

53 3 

56 6 

48 8 

60 0 

65 5 

55 5 

6 1 1 

58 8 

6 1 1 

57 7 

53 3 

58 8 

54 4 

50 0 

56 6 

55 5 

49 9 

54 4 

62 2 

58 8 

58 8 

55 5 

53 3 

65 5 

48 8 

62 2 

52 2 

5 1 1 

ns s 

60 0 

49 9 

55 5 

%Male e 

52 2 

69 9 

33 3 

46 6 

44 4 

ns s 

56 6 

60 0 

67 7 

44 4 

50 0 

57 7 

38 8 

ns s 

5 1 1 

52 2 

4 1 1 

35 5 

27 7 

37 7 

49 9 

34 4 

46 6 

5 1 1 

39 9 

57 7 

38 8 

35 5 

ns s 

38 8 

47 7 

42 2 

HighHigh vs. low intensity VKA therapy in patients with mitral valve prostheses 
Thee results of the analysis in the group of patients with a prosthetic mitral valve are 

listedd in Table IV. Patients who received high VKA therapy had a lower risk for valve 

thrombosiss and systemic embolisation than those receiving low dose VKA , with a risk 

ratioo of 0.60 (95% CI 0.47-0.76 ) and 0.79 (95% CI 0.74-0.84), respectively. The 

occurrencee of bleeding complications did not differ with the use high dose VKA as 
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comparedd to low dose (12.94 versus 11.96 events per 1000 patient-years; risk ratio = 

1.08,, 95% CI 1.00-1.16, p-value= 0.0524). The total number of events (thromboembolic 

andd bleeding events) was 29.76 per 1000 patient-years in the high intensity group and 

35.333 per 1000 patient-years in the low intensity VKA group (risk ratio 0.84, 95% CI 

0.79-0.89). . 

Tabl ee III. Incidence rates of thromboembolic and hemorrhagic complications in patients with 
mechanicall aortic valve, according to VKA intensity 

VT T 

TE E 

VT+TE E 

hemor r 

all l 

AorticAortic valve high 

events/10000 ptyrs 

0.87 7 

9.83 3 

10.01 1 

14.89 9 

23.84 4 

AorticAortic valve low 

events/lOOOptyrs s 

1.16 6 

13.09 9 

13.69 9 

12.06 6 

25.39 9 

Risk k 
Ratio o 

0.75 5 

0.75 5 

0.73 3 

1.23 3 

0.94 4 

95%% CI 

0.50-1.13 3 

0.70-0.81 1 

0.68-0.78 8 

1.16-1.31 1 

0.88-0.99 9 

p-value e 

p=0.1260 0 

p<0.0001 1 

p<0.0001 1 

p<0.0001 1 

0.0067 7 

Tabl ee IV. Incidence rates of thromboembolic and hemorrhagic complications in patients with 
mechanicall mitral valve, according to VKA intensity 

VT T 

TE E 

VT+TE E 

hemor r 

all l 

MitralMitral valve high 

events/10000 ptyrs 

2.06 6 

15.91 1 

17.11 1 

12.94 4 

29.76 6 

MitralMitral valve low 

events/lOOOptyrs s 

3.44 4 

20.12 2 

23.13 3 

11.96 6 

35.33 3 

Risk k 
Ratio o 

0.60 0 

0.79 9 

0.74 4 

1.08 8 

0.84 4 

95%% CI 

0.47-0.76 6 

0.74-0.84 4 

0.70-0.78 8 

1.00-1.16 6 

0.79-0.89 9 

p-value e 

p<0.0001 1 

p<0.0001 1 

p<0.0001 1 

p=0.0524 4 

p<0.0001 1 

Legendd to Tables III and IV 
VTT = valve thrombosis; TE = thromboembolism; VT+TE= all valve thrombosis and thromboembolism: 

Hemorr = hemorrhage; CI = confidence interval; All= all thromboembolic and bleeding events 

AorticAortic  versus  mitral  valve  prostheses 
Thee number of valve thrombosis and thromboembolic events is significantly lower in the 

aorticc valve group compared with the mitral valve group for both low and high intensity 

VKAA therapy. The risk ratios are shown in Table V. Treatment with high intensity therapy 
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givee rise to a significant increase in bleeding events in patients with a prosthetic aortic 

valvee as compared to patients with a mitral valve (risk ratio = 1.15, 95% CI 1.06-1.25). 

Noo difference in bleeding complications was observed between patients with aortic and 

mitrall valves treated with low intensity VKA (risk ratio = 1.01, 95% CI 0.94-1.07). The 

totall number of events (thromboembolism and bleeding) for both high and low intensity 

treatmentt was lower in the aortic valve group than for patients in the mitral valve group 

(riskk ratios 0.80, 95% CI 0.75-0.85 and 0.72, 95% CI 0.68-0.76) 

Tablee V. Risk ratios of thromboemboiic and hemorrhagic events for patients with a 
mechanicall aortic valve as compared to mechanical mitral valve 

aorticc versus mitral valve event t Riskk Ratio 
Aorticc vs. mitral 

95%% CI p-value e 

Highh intensity 

Loww intensity 

VT T 
TE E 
TE+VT T 
Hemor r 
All l 

VT T 
TE E 
TE+VT T 
Hemor r 
All l 

0.42 2 
0.62 2 
0.59 9 
1.15 5 
0.80 0 

0.34 4 

0.65 5 
0.59 9 
1.01 1 
0.72 2 

0.27-0.66 6 
0.56-0.68 8 
0.54-0.63 3 
1.06-1.25 5 
0.75-0.85 5 

0.29-0.39 9 

0.62-0.68 8 
0.57-0.62 2 
0.94-1.07 7 
0.68-0.76 6 

<< 0.0001 
<< 0.0001 
<< 0.0001 
0.0014 4 

<< 0.0001 

<< 0.0001 
<< 0.0001 
<< 0.0001 
0.8026 6 

<< 0.0001 

Legendd to Table V 
VTT = valve thrombosis; TE = thromboembolism; VT+TE= all valve thrombosis and thromboembolism 

Hemorr = hemorrhage; CI = confidence interval ; All = all thromboembolic and bleeding events; Ptyrs = patient-years 

DISCUSSION N 

Anticoagulantt therapy with vitamin K antagonists for patients with a mechanical heart 

valvee has been the subject of intense debate. Since 1992, the target range of the INR 

hass been lowered from INR values between 3.0 and 4.5 to less intensive values, that is, 

betweenn 2.0 and 3.5. Furthermore, since aortic valve prosthesis are considered less 

thrombogenicc than prostheses in the mitral position, a target INR at the lower side of 

thiss range is advised for aortic valves, whereas a target INR at the upper side of this 

rangee is suggested for mitral valves5. Nevertheless, the present literature review shows 

thatt patients with a mechanical heart valve in the aortic as well as in the mitral position 
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willl benefit from high intensity VKA treatment. The number of thromboembolic events is 

lowestt for both the aortic and the mitral valve group with the strategy of this high target 

INR.. The total number of thromboembolic and bleeding events, the most important 

parameterr for the efficacy of treatment, is significantly decreased when patients are 

treatedd with high intensity VKA therapy as compared to low intensity therapy. 

Althoughh the decrease in thromboembolic events is similar for both aortic and 

mitrall valves (risk ratio = 0.73 and 0.74), it was shown that in patients with a 

mechanicall aortic valve treated with high intensity VKA therapy significantly more 

bleedingg episodes occurred as compared to those treated with low intensity VKA. A 

nonsignificantt trend toward a higher frequency of bleeding events with high intensity 

VKAA was observed in the mitral valve group of our study. Therefore, since the strong 

correlationn between the intensity of VKA and the risk of bleeding events is a well-

establishedd fact34243 , this high intensity strategy is relatively more effective for mitral 

valvee prostheses than for aortic valve prostheses (risk ratios for total number of events 

0.844 and 0.94, respectively). 

Patientss with a mechanical heart valve in the aortic position have an increased 

riskk for bleeding complications as compared to patients with a mechanical mitral valve. 

Thiss risk is significantly increased at high levels of VKA therapy. The number of bleeding 

eventss is 14.89 per 1000 patient-years in the aortic valve group versus 12.94 events per 

10000 patient-years in the mitral valve group (risk ratio 1.15, 95% CI 1.06-1.25). A 

possiblee mechanism for this observation is that the two patient groups have a different 

bleedingg riskprofile. Hypertension and atherosclerosis may result in a slightly increased 

bleedingg risk4445. These cardiovascular risk factors are frequent among patients with 

aorticc stenosis, which is the main indication for aortic valve replacement. Another 

possibilityy may be that patients with an aortic prosthesis are in a general better 

conditionn and may lead a more active life, thereby somewhat increasing the risk of 

bleeding. . 

Thee incidence of valve thrombosis and thromboembolism is higher in patients with 

mitrall valve prostheses than with aortic valve prostheses for both low and high intensity 

VKAA therapy. This is presumably due to different bloodflow properties over the mitral 

valvee as compared to the aortic valve and the relatively increased incidence of atrial 

fibrillationn in patients with mitral valve heart disease. 

Theree are a few limitations of the present study. First, most reports used for this 

analysiss are based on an intention to treat INR range, and therefore information on the 

actuallyy achieved intensity of VKA treatment and the compliance of therapy was lacking. 

Thee time spent in the therapeutic range is approximately 50-70% in well designed 

cohorts466 and it is unlikely that the achieved INR range in our study-population will 

exceedd this percentage. Since most of the adverse events occur in the period of under-

orr overcoagulation, it is plausible to assume that the risk for embolism and bleeding will 
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decreasee with a more stable level of anticoagulation. In addition, a major effect of 

anticoagulationn control on the long-term survival was shown in a recent study47, 

demonstratingg that a high variability in INR was the strongest independent predictor of 

reducedd survival. In this report, there was a 32% difference in survival at 15 years 

betweenn patients with low and high variability in anticoagulation control. This 

observationn emphasises the importance of adequate management of anticoagulation. 

Severall developments in therapeutic quality control have improved the safety and 

efficacyy of VKA therapy. Monitoring of VKA therapy by a specialized anticoagulation 

clinicc reduces the bleeding and thromboembolic event rates48. More recently, home 

testingg of the intensity of anticoagulation by means of a portable coagulometer that 

performss an INR on a single drop of capillary blood has become available. INR home 

testingg appears to be a safe and efficient anticoagulation control method which results 

inn a higher percentage of target range values compared to the conventional laboratory-

basedd testing regimen4951. 

AA second limitation may be that most of the included studies were cohort series, 

withoutt a control group. These cohort studies, however, allow for the estimate of the 

absolutee risk of bleeding and thrombosis. This pooled analysis of 35 studies, with in 

totall more than 23.000 patients who were followed for more than 100.000 patient-

years,, indeed yielded sufficient power to detect significant differences in favour of high 

intensityy VKA therapy. To minimize the risk for bias, we only selected studies wherein all 

thee adverse events were classified according to a international accepted scoring system. 

Anotherr limitation is that some studies used older valve types. However, most 

valvee types used in the analysis are still being used for insertion nowadays. 

Totall mortality would be an important outcome in this analysis. Unfortunately, 

fromm the majority of the studies used for the analysis, no data on mortality could be 

retrievedd to be able to estimate a reliable mortality rate. 

Ourr recommendations are based on data derived from patients with a mean age 

att valve implantation of 55 years. Since there is a trend towards valve replacements in 

olderr age groups and the fact that older patients have an increased bleeding risk3, it's 

uncertainn whether this group of patients will benefit from high intensity VKA therapy. 

However,, in our analysis we were not able to identify age-associated risks, since most of 

thee studies only report on age as a baseline characteristic. 

Thee role of antiplatelet therapy in patient with mechanical heart valves remains 

controversial.. Two recent randomised trials evaluated the effects of adding aspirin to 

VKAA treatment. Turpie et al52 showed that aspirin (100mg/d) in combination with VKA 

(INRR 3.0-4.5) was associated with fewer thromboembolic events than VKA alone, 

althoughh the rate of major bleeding was increased. Messchengieser et al53 

demonstratedd in their trial that aspirin (100mg/d) in combination with VKA (INR 2.5-3.5) 

wass as effective as VKA (INR 3.5-4.5) alone. The results from these studies cannot be 
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consideredd as sufficient evidence for recommending combination therapy. In 

exceptionall cases of patients with thromboembol ic complicat ions despite adequate VKA 

therapy,, the addit ion of antiplatelet therapy can be considered for the prevention of 

thromboembol icc events. 

Inn conclusion, this analysis shows that both patients with aortic and mitral valve 

wil ll benefit f rom high intensity VKA therapy, with a target INR above 3.0. For daily 

practice,, we recommend an INR between 3.0 and 4.5. Since aortic valve prosthesis are 

consideredd less thrombogenic than prosthesis in the mitral position, a target INR at the 

lowerr side of this range is advised for aortic valves, whereas a target INR at the upper 

sidee of this range is suggested for mitral valves. However, a prospective study that 

addresss both the intensity of VKA and the position of the mechanical heart valve are 

definitelyy needed before the discussion can be resolved. 

ThisThis project is supported by a grant of the Netherlands Heart Foundation, grant 

2000.068. 2000.068. 
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APPENDIX X 

ListList  of  excluded  articles-. 

-- Inability to dif ferentiate between aortic and mitral valves 1 2 3 

-- Intensity of oral anticoagulant therapy was not specified 24~50 

-- The events or patient-years were not specified 5 1 6 8 

-- The use of antiplatelet therapy 6 9 8 2 

-- The cohort was the same as another included study 83"90 

-- Lost to fol low up not specified or exceeding 5% 9 1 9 6 

-Otherr reasons 9 7 1 0 6 
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ABSTRACT T 

Patientss with mechanical heart valves are at increased risk for thromboembolism and 

thereforee should receive life-long anticoagulation. However there is no consensus about 

thee optimal management of anticoagulation in these patients during surgery or other 

invasivee procedures. Aim of the study was to desribe the available anticoagulant 

strategiess and to evaluate the incidence of thromboembolic and bleeding complications 

accordingg to the different periprocedural anticoagulant strategies in a large series of 

patientss with mechanical heart valves who underwent non-cardiac surgical 

interventions.. All patients who underwent heart valve replacement between January 

19977 and December 1999 were included in the study and were followed during a 4 to 6 

yearr period. A total of 567 patients underwent heart valve replacement between 1997 

andd 1999. Of these, 124 patients underwent 171 non-cardiac surgical procedures. Data 

wass available from 153 interventions. Unfractionated heparin (UFH) was the most 

frequentlyy used anticoagulant in the perioperative period. Fifteen bleeding 

complicationss occurred during 153 interventions (10%). There is an increased risk for 

bleedingg when the UFH is restarted within 6 hours after the end of surgery (relative risk 

1.86,, 95% confidence interval 0.42 to 8.10). No thromboembolic event was observed in 

thee perioperative period. We conclude that therapeutic dose of UFH are frequently used 

too bridge interruption with vitamin K antagonists. Overall this strategy seems safe to 

preventt thromboembolic complications. The risk for bleeding complications appears to 

bee increased when the UFH is reinitiated within 6 hours. The overall safest therefore 

seemss to be to restart UFH 12 to 24 hours after surgery. 

58 8 



Chapterr 4 

INTRODUCTION N 

Patientss with mechanical heart valves are at increased risk for valve thrombosis and 

systemicc embolism, predominantly stroke. The incidence rates of these serious 

complicationss can be reduced by vitamin K antagonist (VKA) therapy and therefore life-

longg anticoagulation is recommended in patients with mechanical heart valves1. A 

differentiationn in thromboembolic risk can be made on the basis of localisation of the 

valve.. Patients with a prosthesis in the mitral position have a significantly higher risk of 

thromboembolicc complications than those with an aortic valve prosthesis2. In addition, 

thee presence of atrial fibrillation will further increase the risk for thromboembolism. 

Inn case of surgery or other invasive procedures the VKA needs to be interrupted to 

ensuree surgical hemostasis and to prevent excessive perioperative bleeding. Temporary 

discontinuationn of anticoagulants increases the risk for valve thrombosis and embolism 

whichh may be higher than expected since the prothrombotic effect of the surgery itself 

andd the rebound hypercoaguability-phenomenon could further increase the 

thromboembolicc risk. On the other hand, continuation of anticoagulants perioperatively, 

orr restarting too soon after surgery may cause serious bleeding. 

Theree is no consensus about the optimal management of anticoagulation during 

thee perioperative period for patients with artificial heart valves receiving VKA, largely 

becausee good clinical studies are lacking. Current guidelines are mainly based on 

quantificationn of thromboembolic risk during discontinuation of anticoagulation and the 

riskk estimates for bleeding associated with re-institution of the anticoagulation. These 

guideliness are diverse, varying from temporary discontinuation of VKA a few days before 

surgeryy and reinstitution after surgery to complete coverage with intravenous 

unfractionatedd heparin (UFH) only shortly interrupted during the surgical procedure34. 

However,, the outcomes of these approaches have been documented only occasionally5^ 
8.. The aim of our study was to describe the anticoagulant strategies and to 

systematicallyy evaluate the incidence of thromboembolic and bleeding complications in 

aa large cohort of consecutive patients with prosthetic heart valves who underwent non-

cardiacc surgical interventions during a 4 to 6 year follow up after heart valve 

replacementt and to analyse the outcomes according to the different periprocedural 

anticoagulantt strategies. 
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METHODS S 

Patients Patients 
Alll patients who underwent heart valve replacement between January 1997 and 

Decemberr 1999 at the Department of Cardiothoracic Surgery of the Academic Medical 

Centree in Amsterdam, The Netherlands were included in the study. Inclusion criteria for 

thee present study were aortic and/or mitral valve replacement with or without 

concomitantt coronary artery bypass grafting (CABG) and/or tricuspid annuloplasty. 

Follow-upp was started from the date of valve replacement and ended when a patient 

diedd or at the end of the data collection (between January and June 2003). 

Non-cardiacNon-cardiac  surgery 
Alll non-cardiac surgical interventions after the valve replacement were evaluated. A 

questionnairee was sent to the general practitioners of all patients. Information was 

obtainedd about all non-cardiac surgical interventions and, if indicated, causes of death. 

Thee non-responding general practitioners were contacted by telephone. From those 

patientss who had undergone non-cardiac surgery, the medical records were analysed. 

Thee information from the surgical intervention was retrieved from the patients charts, 

andd from anaesthesiology and surgery reports. Outcomes of interest were start and stop 

dataa of VKA, initiation of periprocedural unfractionated heparin (UFH) or low molecular 

weightt heparin (LMWH) and the occurrence of bleeding and thromboembolic 

complications. . 

Definitions Definitions 
Non-cardiacc surgery was defined as any non-cardiac surgical intervention, both elective 

andd non-elective, during the follow-up period requiring local or general anaesthesia. 

Dentall procedures and gastrointestinal endoscopies were excluded. 

AA postoperative bleeding episode was recorded if the hospital charts reported on a 

bleedingg complication e.g. massive hematoma in the operated region, postoperative 

dropp of hemoglobin level (more than 2 mmol/l), need for bloodtransfusion or a bleeding 

necessitatingg re-operation. A postoperative thromboembolic event was defined as a 

symptomaticc cerebral or peripheral thromboembolism occurring after the surgical 

intervention.. Cerebral events had to be confirmed with the use of a CT-scan. Peripheral 

thromboembolismm had to be confirmed by angiography or surgically. Valve thrombosis 

wass defined as any thrombus, in the absence of infection, that occluded (part of) the 

transvalvularr bloodflow and/or that interfered with the function of the valve. Valve 

thrombosiss had to be documented by, ultrasound, operation or autopsy. 
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Thee surgical interventions were catagorised into major, intermediate or minor 

surgicall interventions. Major surgical interventions include neurosurgery, orthopedic 

surgery,, vascular surgery (including peripheral bypass), breast surgery or abdominal 

surgery.. Minor surgery included surgery for cataract, dermatological excisions and local 

biopsies.. All other interventions that did not meet the criteria for minor or major surgery 

weree categorized as intermediate surgical procedure. 

Thee following perioperative anticoagulation strategies were registered: (1) 

Discontinuationn of VKA and temporary institution of intravenous unfractionated heparin; 

(2)) Discontinuation of VKA and temporary institution of subcutaneous low molecular 

weightt heparin in a therapeutic dose; (3) Discontinuation of VKA without institution of 

(loww molecular weight) heparin; (4) Perioperative continuation of VKA. 

Statistics Statistics 
Wee calculated frequencies and 95% confidence intervals for bleeding a thromboembolic 

events.. After adjusting for age, position of the valve and type of intervention (minor, 

intermediatee or major) the relationship between the method of bridging and bleeding 

eventss was explored using logistic regression analysis. Selection of these variables was 

basedd on the univariate analysis and the literature. 

RESULTS S 

Betweenn January 1997 and December 1999, a total of 567 consecutive patients 

underwentt heart valve replacement at the Department of Cardiothoracic Surgery of the 

Academicc Medical Center. The in-hospital mortality was 7% (41 patients). Of the 

remainingg 526 patients, 124 patients underwent 171 non-cardiac surgical procedures. 

Thee mean age at valve implantation was 68 year; 55% was male. Ninety-six patients 

hadd a mechanical valve in the aortic position, 23 patients in the mitral position and 4 

patientss had a double valve. The mean follow up period was 45 patient-months. The 

meann time from valve replacement to the first surgical intervention was 22 months. 

Eighty-fivee patients had single operations, 31 patients had 2 operations and 8 patients 

hadd 3 operations. Seventy-five percent of the surgical interventions was elective. Data 

wass available from 153 of the 171 interventions. Orthopedic surgery was most 

common,, followed by eye surgery and gastro-intestinal surgery. Other characteristics of 

thee study cohort are summarized in Table I. 
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Tablee I. Characteristics of the study cohort of 124 patients who underwent non-cardiac surgical 
procedures. . 

Characteristic c 

Malee (%) 

Agee (mean) 

Valvee type 

Aortic c 

Bio-prostheticc valve 

Mitral l 

Doublee valve 

Other/unknown n 

Comorbidity y 

CADD (reported as % CABG) 

Numberr of procedures per patients 

11 intervention 

22 interventions 

33 interventions 

Totall number of interventions 

Dataa available 

Electivee surgery 

Meann duration of follow-up (months) 

Timee from valve replacement to first operation (months) 

Number r 

688 (55%) 

68 8 

96 6 

10 0 

23 3 

4 4 

1 1 

36% % 

85 5 

31 1 

8 8 

171 1 

153 /171 1 

74% % 

45 5 

22 2 

CADD = coronary artery disease: CABG = cornary artery bypass grafting 

PerioperativePerioperative  anticoagulant  strategies 
UFHH as bridging method was used in 74 interventions and LMWH in therapeutic dose 

wass used in 11 interventions. Some patients received only a single preoperative or a 

postoperativee dose of UFH or LMWH. Complete interruption (i.e. stopping VKA 

preoperativelyy and reinstitution after surgery) was applied in 44 interventions and VKA 

usee was not interrupted in 17 interventions. Table II summarizes the characteristics of 

thee surgical interventions and the perioperative anticoagulant strategies. In 113 

interventionss in patients with a prosthetic aortic valve, UFH was administered during 47 

interventions,, LMWH during 8 interventions, VKA was interrupted in 40 interventions 

andd continued in 13 interventions. A total of 32 surgical interventions were performed in 

patientss a mitral valve. UFH was given during 22 interventions, LMWH in 1 intervention, 

VKAA was interrupted in 2 interventions and continued in 5 interventions. In 6 

62 2 



Chapterr 4 

interventionss in patients with double valves UFH (n=4) and LMWH (n=2) as perioperative 

anticoagulantss was administered. 

Tab l ee II. Characteristics of non-cardiac surgery and the perioperative anticoagulant regimen 

Interventions s Perioperativee anticoagulation regimen 

Gastro-intestinall surgery 

Orthopedicc surgery 

Ophtalmologicall surgery 

Vascularr surgery 

Urogenitall surgery 

Inguinall hernia repair 

Breastt surgery 

Dermatologiee surgery 

Other r 

Total l 

UFHH LMWH Interruption Continue Unknown 

VKAA VKA 

22 2 

25 5 

23 3 

14 4 

9 9 

11 1 

7 7 

7 7 

35 5 

153 3 

13 3 

9 9 

4 4 

11 1 

4 4 

6 6 

5 5 

3 3 

19 9 

74 4 

4 4 

11 1 

4 4 

14 4 

7 7 

1 1 

1 1 

5 5 

1 1 

3 3 

8 8 

44 4 

1 1 

1 1 

4 4 

17 7 

UFHH = unfractionated heparin: LMWH = low molecular weight heparin: VKA = vitamin K antagonist 

BleedingBleeding  complications 
Fifteenn patients experienced 15 bleeding complications during 153 operations, 

includingg bleeding necessitating re-operation (n=5), drop of hemoglobin of more than 2 

mmol/ll (n=3), need for bloodtransfusion (n=3) and significant post-operative hematoma 

inn the operated region (n=3). Of these 15 patients, 11 patients received UFH as bridging 

method.. The number of bleeding complications related to each perioperative strategy 

aree listed in Table III. 

Figuree I gives an overview of the timing of presurgical interruption of UFH before 

surgery,, related to the bleeding complications. In Figure II the timing of reinstitution of 

UFHH after surgery related to the bleeding complications is depicted. All bleeding 

episodess were observed when the UFH was restarted within 12 hours after surgery. 

Tablee IV gives an overview of bleeding events related to the start and stop time of UFH. 

Theree is a trend to an increased risk for bleeding when the UFH is restarted within 6 

hourss after the end of surgery (relative risk 1.86, 95% confidence interval 0.42 to 8.10 ). 
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F i g u r ee I 

O) ) 

c c 

m m 

1-33 4-6 7-12 13-18 19-24 24 + 

Stopp UFH before surgery (hrs) 

total l 

Figur ee I. Timing of pre-surgical interruption of UFH before surgery, related to the bleeding 

complications s 

Inn the univariate analysis only type of surgery (minor, major, intermediate) was 

statisticallyy significant associated with a major bleeding episode. Other variables that 

weree explored were age and bridging method (UFH, LMWH, interruption of VKA or 

continuee of VKA) and these were found not to be predictive for a bleeding complicat ion. 

AA mult ivariate logistic regression analysis of age, type of surgery and bridging method 

revealedd that corrected for the other variables only type of surgery was statistically 

signif icantt related to a bleeding complicat ion. 

T a b l ee III. Number of bleeding complications in relation to bridging method 

Bridgingg method Numberr of interventions Bleedingg events in % 

(95%% CI) 

15%% (9%-25%) 

0%% (0%-25%) 

7%% (2%-18%) 

6%% (l%-27%) 

0%% (0%-35%) 

10%% (7%-17%) 

n n 

n = l l l 

n=0 0 

n=3 3 

n = l l 

n=0 0 

n=15 5 

UFH H 

LMWHH (therapeutic dose) 

Interruptionn of VKA 

Continue e 

Unknown n 

Total l 

74 4 

11 1 

44 4 

17 7 

7 7 

153 3 

UFHH = unfractionated heparin: LMWH = low molecular weight heparin: VKA = vi tamin K antagonist 
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ThromboembolicThromboembolic complications 
Noo thromboembolic event was observed in the perioperative period of the 153 

interventions.. Although myocardial infarction was not considered as a thromboembolic 

complicationn specifically related to patients with artificial heart valves, the incidence 

wass studied. One myocardial infarction was observed in a 62 year old patient with a 

aorticc valve prosthesis 2 days after peripheral bypass surgery. At the time of the event, 

thee patient received therapeutic dosage of UFH and VKA. 

Figur ee II 

3? ? 

c c 

0) 0) 

CQ CQ 

60 0 

50 0 

40 0 

300 : 

20 0 

100 | 

00 L 

n=255 n=15 n=10 n=155 n=10 n=3 n=6 n=2 n=61 

fh fh 

1-33 4-6 7-12 13-18 19-24 24H 

Startt UFH after surgery (hrs) 

total l 

Figur ee II. The timing of reinstitution of UFH after surgery related to the bleeding complications 

ElectiveElective versus non-elective surgery 
Wee included both elective and non-elective surgical interventions. In case of non-elective 

surgery,, reversal of the anticoagulant effect of VKA was often achieved with the 

administrationn of vitamin K. In emergency situations, some patients were treated with 

freshh frozen plasma or prothrombin complex concentrate to correct the preoperative 

anticoagulantt state. 
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Tabl ee IV. Bleeding eventss according to timepoint of stop and start UFH. 

Interventionn Timepoint of start and stop UFH Relative Risk (95% CI) 

<< 6 hrs > 6 hrs 

(Noo events/total) (No events/total) 

Stopp UFH before surgery 8/50 1/6 0.96 (0.14-6.41) 

Startt UFH after surgery 7/40 2/21 1.84(0.42-8.10) 

UFHH = unfractionated heparin; LMWH = low molecular weight heparin: VKA = vitamin K antagonists 

Tabl ee V. Characteristics of the 13 bleeding complications occurring after first intervention. 

Characteristicc Patients with bleeding (n= 

Meann age 

Mortalityy after 6 months 

Durationn of hospitalization (days) 

Durationn of surgery (min) 

Electivee surgery 

Typee of valve (aortic) 

7 1 1 

8% % 

22 2 

161(45-422) ) 

92% % 

85% % 

=13)Patientss without bleeding 

( n = l l l ) ) 

68 8 

9% % 

2 1 1 

766 (25-265) 

77% % 

77% % 

DISCUSSION N 

Thee optimal management of perioperative anticoagulation in patients with mechanical 

heartt valves is a matter of debate. Major problems are the risk for bleeding when the 

perioperativee anticoagulant regimen is too aggressive or, the risk for thromboembolism 

whenn the anticoagulation is interrupted. In this study we evaluated perioperative 

anticoagulantt strategies in a cohort of consecutive patients with mechanical heart 

valvess who underwent non-cardiac surgery and the incidence of thromboembolic and 

bleedingg complications. The main findings of this study are that: (1) UFH is the most 

frequentlyy used anticoagulant in the perioperative period, (2) there appears to be an 

increasedd risk for bleeding when the UFH is started within 6 hours after surgery and (3) 

thee risk for thromboembolism in the immediate perioperative period appears to be low. 

Ourr finding that UFH was the most frequently used bridging method deserves 

somee comment. The rationale for this approach is based on an assumed increased 
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thromboembolicc risk. This evidence is derived from small retrospective studies, with in 

onee study high incidences of valve thrombosis7. However, patients in this series had 

cagedd ball valves, which have a higher thrombogenic potential than the newer types. 

Thee prevention of stroke, peripheral embolism and valve thrombosis is a persuasive 

argumentt for clinicians to use this aggressive anticoagulant regimen, especially 

becausee of the high case-fatality of valve thrombosis. In a survey among Canadian 

physicians,, UFH was the most selected anticoagulant option. The risk of 

thromboembolismm had a strong influence on anticoagulation preferences, whereas the 

preferencee was not influenced by the risk of bleeding9. 

Sixteenn percent of the patients who used intravenous UFH as perioperative 

anticoagulantt experienced a bleeding complication. Initiation of the UFH within 6 hours 

afterr surgery was related to an increased the risk for bleeding complications. Guidelines 

forr the optimal timepoint of reinistution of UFH are lacking, although it is reasonable to 

startt when adequate hemostasis is achieved. A wider interval of restarting UFH after 

surgery,, at least 12 to 24 hours, may prevent bleeding complications. 

Wee did not observe any thromboembolic complication. This is in contrast to 

severall other studies, who observed incidences between 2% and 53%, depending on 

typee of operation and position of the valve5"8. We may have underestimated the 

thromboembolicc risk of mechanical valves. Clinical information could have been 

incompletee in this retrospective series and we cannot exclude the possibility of small 

neurologicall defects. In addition, prosthetic valve dysfunction and the formation of small 

valvee thrombi cannot always be detected and valve thrombosis may develop several 

weekss after subtherapeutic levels of anticoagulation10. However, there were no 

significantt differences in long-term outcome between operated and non-operated 

patientss (data not shown). 

Theree is only limited data on the absolute risk of thromboembolism in the absence 

off VKA-therapy. These estimates are based on studies performed 25 years ago and 

involvee patients with first-generation valves. An yearly incidence of 9% has been 

reportedd in patients who do not receive anticoagulant therapy2. If we assume that 1 day 

offf VKA carries a risk that is 1/365 of the annual risk, this will correspond to a 3 days 

interruptionn risk of 0.07% (3/365 x 9% =). Considering a 10-fold increased 

thromboembolicc risk due to the thromboembolic state of the surgical intervention, this 

willl lead to a 0.7% risk for thromboembolism, which might be acceptable. There is more 

dataa existing that withholding VKA for a longer period is safe. Two studies reported on 

677 patients with prosthetic heart valves withholding VKA for 1 to 2 weeks after a major 

bleedingg event1112. None of the patients developed a thromboembolic complication and 

thereforee these data suggest that short interruption may not be as dangerous as often 

presumed. . 
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Onee fifth of the surgical interventions was on a non-elective basis. Since after 

stoppingg with VKA approximately 3 days are needed to reach an INR of 1.4, a more 

aggressivee approach is needed for patients who require urgent surgery. Vitamin K 

reversess therapeutic levels of VKA within 16-36 hours13. In emergency situations, some 

patientss were treated with fresh frozen plasma or prothrombin complex concentrate to 

reducee the INR. The administration of these prothrombotic agents theoretically carries 

thee risk for thromboembolic complications. In our series, however, we did not observe 

thesee complications although the number of patients may have been too low. 

Wee were not able to identify patient-characteristics for increased risk for bleeding 

complicationss with the use of multivariate analysis. In general, malignancy, increasing 

age,, previous bleeding and hypertension are known risk factors for bleeding 

complicationss during treatment with vitamin K antagonists14. Although not proven, 

speciall care is needed when these conditions are present in patients undergoing 

surgery. . 

Thee small number of patients using LMWH as perioperative anticoagulant do not 

alloww us to assess to safety of this approach. LMWH has been shown to be at least as 

safee as UFH in venous and arterial thrombotic disease15. Although the safety and 

efficacyy of LMWH as bridging therapyy has never been established in randomized clinical 

trials,, several observational studies demonstrated the feasibility of this approach1617. 

Potentiall benefits are the convenience of LMWH and avoiding hospitalization solely for 

anticoagulationn with intravenous UFH. However, the half-life of LMWH is longer as 

comparedd to UFH and the clearance is not always predictable. This makes it difficult to 

timee the last preoperative injection and therefore this strategy carries a certain risk for 

perioperativee bleeding. 

Inn this study we have evaluated the perioperative anticoagulant strategies in 

patientss with mechanical heart valves undergoing non cardiac surgery. To minimize the 

riskk for bleeding complications, UFH should be stopped 6 hours prior to surgery. Since 

thee incidence of thromboembolic complications is low and the risk for bleeding 

complicationss is increased when the UFH is reinitiated within 6 hours, it seems safe to 

startt the UFH after 12 to 24 hours. A large randomised clinical trial comparing different 

perioperativee anticoagulant strategies with riskstratification is needed to further 

optimalizee the management during surgery. 

SupportedSupported by a grant of the Netherlands Heart Foundation (2000.068) 

68 8 



Chapterr 4 

REFERENCEE LIST 

1.. Stein PD, Alpert JS, Bussey HI et al. Antithrombotic therapy in patients with mechanical 
andd biological prosthetic heart valves. Chest 2001; 119:220S-227S. 

2.. Cannegieter SC, Rosendaal FR, Briet E. Thromboembolic and bleeding complications in 
patientss with mechanical heart valve prostheses. Circulation 1994; 89:635-641. 

3.. Kearon C, Hirsh J. Management of anticoagulation before and after elective surgery. N 
Engll J Med 1997; 336:1506-1511. 

4.. Douketis JD. Perioperative anticoagulation management in patients who are receiving oral 
anticoagulantt therapy: a practical guide for clinicians. Thromb Res 2002; 108:3-13. 

5.. Carrel TP, Klingenmann W, Mohacsi PJ et al. Perioperative bleeding and thromboembolic 
riskk during non-cardiac surgery in patients with mechanical prosthetic heart valves: an 
institutionall review. J Heart Valve Dis 1999; 8:392-398. 

66 Katholi RE, Nolan SP, McGuire LB. The management of anticoagulation during noncardiac 
operationss in patients with prosthetic heart valves. A prospective study. Am Heart J 1978; 
96:163-165. . 

7.. Katholi RE, Nolan SP, McGuire LB. Living with prosthetic heart valves. Subsequent 
noncardiacc operations and the risk of thromboembolism or hemorrhage. Am Heart J 
1976;; 92:162-167. 

8.. Tinker JH, Tarhan S. Discontinuing anticoagulant therapy in surgical patients with cardiac 
valvee prostheses. Observations in 180 operations. JAMA 1978; 239:738-739. 

9.. Douketis JD, Crowther MA, Cherian SS et al. Physician preferences for perioperative 
anticoagulationn in patients with a mechanical heart valve who are undergoing elective 
noncardiacc surgery. Chest 1999; 116:1240-1246. 

10.. Deviri E, Sareli P, Wisenbaugh T et al. Obstruction of mechanical heart valve prostheses: 
clinicall aspects and surgical management. J Am Coll Cardiol 1991; 17:646-650. 

11.. Ananthasubramaniam K, Beattie JN, Rosman HS et al. How safely and for how long can 
warfarinn therapy be withheld in prosthetic heart valve patients hospitalized with a major 
hemorrhage?? Chest 2001 ; 119:478-484. 

12.. Wijdicks EF, Schievink Wl, Brown RD et al. The dilemma of discontinuation of 
anticoagulationn therapy for patients with intracranial hemorrhage and mechanical heart 
valves.. Neurosurgery 1998; 42:769-773. 

13.. Shields RC, McBane RD, Kuiper JD et al. Efficacy and safety of intravenous phytonadione 
(vitaminn K l ) in patients on long-term oral anticoagulant therapy. Mayo Clin Proc 2001; 
76:260-266. . 

14.. Wester JP, de Valk HW, Nieuwenhuis HK et al. Risk factors for bleeding during treatment 
off acute venous thromboembolism. Thromb Haemost 1996; 76:682-688. 

15.. Bijsterveld NR, Hettiarachchi R, Peters R et al. Low-molecular weight heparins in venous 
andd arterial thrombotic disease. Thromb Haemost 1999; 82 Suppl 1:139-147. 

16.. Spandorfer JM, Lynch S, Weitz HH et al. Use of enoxaparin for the chronically 
anticoagulatedd patient before and after procedures. Am J Cardiol 1999; 84:478-80, A10. 

17.. Tinmouth AH, Morrow BH, Cruickshank MK et al. Dalteparin as periprocedure 
anticoagulationn for patients on warfarin and at high risk of thrombosis. Ann Pharmacother 
2001;; 35:669-674. 

69 9 





Chapterr 5 

PERIOPERATIVEE INTERRUPTION OF ANTICOAGULANT TREATMENT 

INN PATIENTS WITH ATRIAL FIBRILLATION 

Roell Vink, MD*; Renée B.A. van den Brink, MD+; Harry R. Butler, MD*; Marcel Levi, MD* 

Fromm the Departments of Vascular Medicine*, Cardiologyt and Internal Medicine*, 

Academiee Medical Center, University of Amsterdam, Amsterdam, The Netherlands. 



Chapterr 5 

ABSTRACT T 

Background:Background: Patients with atrial fibrillation (AF) should receive long-term treatment with 

vitaminn K antagonists (VKA) to prevent thromboembolic complications. In case of 

surgeryy the anticoagulant treatment needs to be interrupted, however the optimal 

strategyy for perioperative anticoagulation is unknown. 

Objective:Objective: To assess the efficacy and safety of temporary institution of low molecular 

weightt heparin {LMWH) to shorten the period of interruption of anticoagulation in 

patientss with AF who have to undergo non-cardiac surgery. 

Methods:Methods: Patients with AF were randomised to two different strategies of perioperative 

interruption.. Patients assigned to the interruption strategy stopped the VKA 3 days pre-

operative^^ and resumed the VKA 3 days after surgery. Patients assigned to the LMWH-

strategyy also stopped the VKA 3 days pre-operatively but received a therapeutic dose of 

LMWHH during the entire period of interruption. The last injection was given the evening 

beforee the intervention and was resumed 6 to 8 hours post-operatively. Outcome 

parameterss were the incidence of thromboembolism and bleeding complications. 

Results:Results: Three patients were randomised to the LMWH strategy and 9 patients to the 

interruptionn strategy. One transient ischemic attack occurred in the interruption group. 

Thee three patients in the LMWH group all experienced a bleeding complication (1 major 

andd 2 minor bleedings). 

Conclusion:Conclusion: These preliminary data show a high incidence of bleeding complications if 

LMWHH is given in therapeutic dosage to narrow the window of interruption of 

anticoagulantt treatment in patients with AF who undergo surgery. On the other hand, 

thromboembolicc events are a matter of concern as well. Better protective strategies for 

patientss with AF in whom anticoagulant treatment needs to be interrupted are required. 
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INTRODUCTION N 

Anticoagulantt treatment with vitamin K antagonists (VKA) is essential in patients with 

atriall fibrillation to prevent arterial thromboembolic complications, in particular 

ischemicc strokes1. However, in case of surgery or other invasive interventions, 

anticoagulantt treatment needs to be interrupted to ensure surgical hemostasis and to 

preventt excessive perioperative bleeding. Interruption of anticoagulant treatment is 

usuallyy achieved by discontinuation of anticoagulants preoperatively and reinstitution of 

thee therapy postoperatively. However, the safety of this strategy (in terms of the 

perioperativee prevention of arterial thromboembolism) has been poorly documented. 

Therefore,, an alternative strategy may consist of interruption of VKA treatment and 

temporaryy anticoagulation by means of heparin, which can be stopped and 

subsequentlyy re-started few hours pre- and postoperatively, respectively. This latter 

strategyy is often applied in patients with prosthetic heart valves, who are thought to be 

att higher risk for thromboembolic events2. 

However,, the actual perioperative risk of thromboembolism and long-term 

outcomee in patients with atrial fibrillation has never been adequately established. Given 

thee fact that a cerebral thromboembolic event in these group of patients may often be 

fatall or associated with severe neurological deficit, there is a persuasive argument for a 

moree aggressive approach to prophylaxis against thromboembolic events, including the 

usee of both pre-operative and postoperative heparin3. Recently, low molecular weight 

heparinn {LMWH) has emerged as a potential alternative for unfractionated heparin, 

becausee it results in stable anticoagulation without the need for monitoring and dose 

adjustments.. We hypothesize that shortening of the perioperative interruption of 

anticoagulationn (by means of the temporary use of LMWH) may be effective in the 

preventionn of perioperative in patient with atrial fibrillation, although part of the 

beneficiall effect may be offset by an increase in bleeding complications. To test this 

hypothesiss we set out for a prospective randomised study in patients with atrial 

fibrillationn who need to undergo non-cardiac surgery comparing perioperative 

interruptionn of VKA with perioperative interruption of VKA and temporary institution of 

LMWHH therapy. 

METHODS S 

Patients Patients 
Thee study was performed in two teaching hospitals in The Netherlands, between October 

20011 and December 2003. All patients with atrial fibrillation who used VKA and who 

weree planned to undergo elective surgery in the Academic Medical Center (AMC) or the 

Onzee Lieve Vrouwe Gasthuis (OLVG) were eligible for the study. Only surgery requiring 
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somee form of anesthesia was considered. Exclusion criteria were the necessity for VKA 

duee to other diseases (e.g. prosthetic heart valve or recent venous thromboembolism), 

thee inability to obtain informed consent, the inability to be followed-up, contra-

indicationss for LMWH (e.g. presence of heparin-induced thrombocytopenia) and 

hereditaryy or acquired coagulation defects. 

Design Design 
Thee study was a prospective, randomised trial in patients with atrial fibrillation who had 

too undergo non-cardiac surgery. Patients were randomised to two different strategies of 

perioperativee interruption of anticoagulation. Patients assigned to the interruption 

strategyy were asked to stop the acenocoumarol 3 days preoperatively or their 

phenprocoumonn 7 days preoperatively. One day preoperatively the INR was determined. 

Iff the INR was above 1.5 the patient received 10 mg vitamin K orally. Three days after 

thee operation, vitamin K antagonists were resumed. The patients assigned to the 

LMWH-strategyy continued their VKA until two days preoperatively. At one day 

preoperativelyy till two days postoperatively, they received 10 mg vitamin K orally. The 

INRR was determined the day before surgery. One day preoperatively subcutaneous 

LMWHH (nadroparin, Fraxiparin®) was started (bodyweight < 50 kg: 3800 IE aXa/2dd, 

bodyweightt 50-70 kg: 5700 IE aXa/2dd, bodyweight > 70 kg: 7600 IE aXa/2dd). The 

lastt injection of LMWH was given the evening before the operation. LMWH was resumed 

6-88 hrs postoperatively (evening after the operation) and continued until the third 

postoperativee day and when VKA were in the therapeutic range again. 

Att the start of the study and at 21 days postoperatively, each patient underwent a 

cerebrall CT scan. If clinically indicated, the second CT scan was made earlier. Cerebral 

infarctionn was defined as a clearly delineated area of hypodensity with no mass effect or 

edemaa in a vascular distribution. Infarcts were classified as either cortical or subcortical. 

Thee CT scans were read independently by two radiologists who were unaware of the 

clinicall status and allocated treatment regimen. All infarcts on the postoperative CT-

scann that were not seen on the preoperative scan were considered to be new infarcts. 

Preoperativee screening included history and physical examination, ECG, laboratory tests 

andd collecting blood for coagulation tests, echocardiography (in particular atrial and 

ventricularr dimensions, valve disorders, and ventricular function), a short 

neuropsychologicall test and CT scan of the brain. Furthermore, hemoglobin and INR was 

checkedd on a daily basis up to day 5. For each patient the per- and postoperative 

transfusionn requirements were registered. After discharge patients were followed at 3 

monthss intervals, at which time clinically relevant thromboembolism and bleeding was 

recorded. . 
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Outcomes Outcomes 
Thee primary outcome of the study was the composite endpoint of symptomatic cerebral 

embolismm during hospitalisation or at 6-months follow-up and asymptomatic cerebral 

thromboembolismm (as diagnosed by changes in the postoperative CT scan) after 3 

weeks.. Secondary outcomes were (a) major bleeding during hospitalisation (defined as 

clinicallyy overt bleeding associated with a fall in Hb > 2 mmol/l, the need for 

transfusion,, or intracerebral, retroperitoneal, or intraarticular bleeding), (b) minor 

bleedingg during hospitalisation (any other clinically overt bleeding), (c) the number of 

transfusions,, (d) any non-cerebral thromboembolic event, (e) all cause mortality (during 

hospitalisationn and follow-up), and (f) duration of hospitalisation. 

StatisticalStatistical  analysis 
Thee sample size for the study was based on an estimated incidence of the primary 

compositee outcome event of 10% in the non-heparinized group and a 90% reduction by 

short-termm LMWH administration, resulting in a sample size of 100 patients per 

treatmentt strategy (a 0.05, fi 0.2). 

RESULTS S 

Patients Patients 
Twelvee patients were enrolled (7 patients in the AMC and 5 patients in the OLVG). Three 

patientss were randomised to the LMWH strategy and 9 patients to the interruption 

strategy.. The mean age at the time of enrolment was 67 years (range 54-82). The 

patientt characteristics, list of procedures, echocardiographic features, perioperative 

anticoagulationn strategies and adverse outcomes are listed in Table I. 

ThromboembolicThromboembolic  and hemorrhagic  complications 
Onee thromboembolic complication occurred in the interruption group. A patient with 

multiplee risk factors for thromboembolism had a transient ischemic attack 4 days after 

nefrectomy.. The VKA had not been resumed at the time of the event. Three patients had 

aa bleeding complication, all of which occurred in the LMWH group. One patient 

developedd a pocket hematoma after replacement of a pacemaker. Nadroparin was 

administeredd preoperatively according to the protocol. There was 1300 cc bloodloss in 

thee postoperative period. Surgical re-exploration and transfusion of 5 packed cells was 

necessaryy to stop the bieeding. The patient recovered without any sequelae. The second 

patientt reported a local hematoma after replacement of a pacemaker. Despite careful 

instructions,, the patient received two injections of nadroparine 7600 IE with a 5 hours 

interval,, instead of the usual 12 hours interval. The last injection was administered 
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122 hours prior to the intervention. The estimated bloodloss after surgery was 10 cc. 

Nadroparinn was not re-started after the intervention. The third bleeding complication 

occurredd after an inguinal hernia repair. This patient received two preoperative 

injectionss of nadroparine 7600 IE with an 8 hour interval. The last injection was given 

100 hours before surgery. The nadroparin was restarted 8 hours after surgery, according 

too the protocol. A local hematoma at the incision site in the left inguinal region 

developedd 1 day after surgery. The nadroparin was not discontinued and VKA was 

reinstitiutedd after 3 days. 

Patientt recruitment was prematurely stopped, as recommended by the Medical 

Ethicall Committee because of an increased incidence of bleeding complications among 

participantss receiving LMWH as perioperative anticoagulation. 

DISCUSSION N 

Thee main goal of this study was to establish the efficacy and safety of the temporary 

institutionn of LMWH therapy, to shorten the period of interruption of anticoagulation in 

patientss with atrial fibrillation during non-cardiac surgery. We hypothesized that 

perioperativee anticoagulation would reduce the incidence of ischemic strokes with only 

minimall increase in bleeding complications. The high rate of bleeding complications in 

thee LMWH-group led to a preliminary termination of the study. The Medical Ethic 

Committeee advised that the incidence of the adverse events was a sufficient argument 

too discontinue the trial, because the original hypothesis that LMWH therapy would be 

beneficiall was unlikely. 

Theree was an excess of bleeding complications in the study. This excess could be 

attributedd to 1 major and 2 minor bleeding episodes in 3 consecutive patients assigned 

too the LMWH strategy. But these three bleeding complications cannot definitively be 

attributedd to the administration of LMWH. Two patients assigned to the LMWH-strategy 

developedd a pocket hematoma after replacement of a pacemaker. However, a 

randomisedd trial comparing unfractionated heparin initiation 6 hours or 24 hours after 

pacemakerr implantation showed that the formation of a pocket hematoma is a 

frequentlyy occurring complication4. In both groups, approximately 20% of the patients 

developedd this complication. Evacuation was necessary in 4% of these patients. One 

patientt in the LMWH group developed a hematoma 1 day after hernia repair. Hence, this 

complicationn was not necessarily due to a failure of the LMWH-strategy since an 

incidencee of 25% of hematomas after open repair of a inguinal hernia has been 

reported5. . 

Severall studies showed that LMWH is at least as effective and safe as 

unfractionatedd heparin in the treatment and prevention of thromboembolism. The 

incidencee of major bleeding complications in patient treated for venous 
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thromboembolismm using LMWH is only 1.1%G. In addition, pharmacokinetic studies 

havee shown that following a therapeutic dose of nadroparin the aXa levels are < 0.2 

afterr 12 hours and < 0.1 after 16 hours7. Based on this data, a last dose of nadroparin 

withh an interval of 12 hours before the start of surgery is unlikely to result in bleeding. 

Howeverr 2 patients with a bleeding complication received 2 injections LMWH within a 

timee interval of 5 hrs and 8 hrs respectively, presumably resulting in higher aXa levels. 

Thiss might have contributed to the bleeding complication. 

Thee periprocedural use of LMWH has been evaluated by several groups of 

investigators.. Spandorfer and colleagues studied 20 patients receiving chronic 

anticoagulationn for atrial fibrillation, mechanical heart valves and deep vein 

thrombosis8.. Enoxaparin at 1 mg/kg every 12 hours was started approximately 36 

hourss after VKA was stopped. Enoxaparin was stopped 12-18 hours prior to surgery and 

reinitiatedd an avarage of 13 hours after the procedure. Three patients developed 

postproceduree bleeding complications, all soft tissue bleeding. One patient had a major 

bleedingg at the incision site three days after inguinal hernia repair. This patient started 

enoxaparinn 30 hours after surgery. Two other patients had minor bleeding episodes. 

Tinmouthh et al. studied 24 patients with atrial fibrillation, mechanical heart valves or 

recentt thromboemblic disease who underwent 26 procedures9. A therapeutic dose 

dalteparinn (200 IE/kg) was given until two days prior to surgery. The final preoperative 

dosee of dalteparin was given at least 24 hours prior to surgery and recommenced on the 

morningg following surgery. Two patients had a minor bleeding complication after a 

biopsyy and one patient reported having a transient ischemic attack. Kovacs reported on 

aa registry of 216 patients (108 with atrial fibrillation and 108 with prosthetic heart 

valves)) who received dalteparin as perioperative anticoagulation regime10. VKA was 

discontinuedd five days preoperatively. A dose of 200 IE/kg dalteparin once daily starting 

22 days before the procedure. The day prior to the intervention, a dose of 100 IE/kg was 

given.. No dalteparin was given on the day of the procedure. Dalteparin was reinstituted 

thee next day or as soon as adequate hemostasis had been achieved. There were 15 

majorr bleeds (6.8%), of which 8 occurred intraoperatively or in the first 2 hours post-

surgeryy before dalteparin was administered. There were a total of 8 (3.7%) 

thromboembolicc events: five were myocardial infarctions and two were cerebral 

thromboembolicc events. 

Perioperativee management of the anticoagulation in patients with mechanical 

heartt valves is a complex problem as well. Data on the incidence of perioperative 

thromboembolicc and bleeding events are equally scarce. Only a few uncontrolled 

observationall studies addressed the perioperative anticoagulant management for 

patientss with mechanical heart valves requiring non-cardiac surgery and therefore 

decisionss should be made based on quantification of thromboembolic and bleeding 

risk1112.. The strategy of complete coverage with intravenous heparin during the period 
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off interruption of the VKA is frequently used in this group of patients. As described 

above,, LMWH as alternative agent the perioperative period in patients with mechanical 

heartt valves is now subject of prospective trials. 

Inn conclusion, these preliminary data show a high incidence of bleeding 

complicationss if LMWH is given in therapeutic doses to narrow the window of 

interruptionn of anticoagulant t reatment in patients with atrial f ibr i l lat ion who undergo 

surgery.. On the other hand, thromboembol ic events are a matter of concern as well. 

Betterr protective strategies for patients with atrial f ibri l lat ion in whom anticoagulant 

t reatmentt needs to be interrupted are required. 

SupportedSupported by a grant of the Netherlands Heart Foundation (2000.068) 
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ABSTRACT T 

Background:Background: Patients with atrial fibrillation (AF) are at increased risk for 

thromboembolicc events and therefore need long-term treatment with vitamin K 

antagonistss (VKA). However in case of surgery the anticoagulation should be interrupted. 

Aimm of this analysis is to assess the risk of perioperative thromboembolism and 

bleedingg in patients with AF who undergo a surgical procedure. 

Methods:Methods: Recruitment occurred as part of a multicenter randomised clinical trial 

comparingg rate and rhythm control in patients with recurrent persistent atrial fibrillation. 

Thee outcome measure of the present analysis is the occurrence of a postoperative 

thromboembolicc or bleeding event occurring within 28 days after the surgical 

intervention. . 

Results:Results: Ninety-four patients underwent 121 non-cardiac operations during a mean 

follow-upp period of 29 months. There is a 3.6-fold increased risk for all bleeding 

complicationss within 1 month after surgery as compared to the control period {95% CI 

1.05-12.0).. Rate ratios for minor and major bleeding in the first month after surgery as 

comparedd to the control period were 4.1 (95% CI 0.9-18.4) and 2.8 (95% CI 0.4-22.5), 

respectively.. No thromboembolic event occurred in the first month after surgery, as 

comparedd to 11 events in the remaining time period (0.4%/month). 

Conclusion:Conclusion: There is an increased risk for bleeding in the postoperative period in 

patientss with AF. The low incidence of thromboembolism implicates that a short 

interruptionn of the anticoagulation during surgery is safe. 
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INTRODUCTION N 

Patientss with atrial fibrillation (AF) are at increased risk for thromboembolic events and 

thereforee need long-term treatment with vitamin K antagonists (VKA)1. In case of 

surgeryy the anticoagulation should be interrupted or tailored to a subtherapeutic level to 

ensuree surgical hemostasis and to prevent excessive bleeding. After VKAs are stopped, 

itt takes several days before proper coagulation is fully restored. Whenn VKA-treatment is 

restarted,, several days are needed to re-establish the therapeutic level of 

anticoagulation.. Discontinuation of anticoagulant therapy may therefore increase the 

riskk for thromboembolic complications, particularly since surgery may induce a 

prothromboticc state. On the other hand, the bleeding risk is increased if the 

anticoagulationn is maintained. Especially major surgical interventions and increased 

levelss of anticoagulant therapy appeared to be risk factors for hemorrhagic 

complications23.. An alternative approach is to administer therapeutic doses of heparin 

duringg the period that VKA is temporarily interrupted. The rationale for this approach is 

too shorten the time period that patients do not receive therapeutic anticoagulation and 

thereforee to minimize the risk for thromboembolic events. 

Althoughh there is extensive evidence that the risk of venous thromboembolism is 

greatlyy increased after surgery, there is only limited data on the perioperative 

thromboembolicc stroke risk after general surgery4. The overall risk seems to be low, 

varyingg between 0.08% and 0.2%56. Factors contributing to perioperative stroke include 

hypertensionn and previous cerebrovascular disease67. Since atrial fibrillation is one of 

thee strongest independent risk factors for stroke, it is likely that the presence of AF 

increasess the risk for perioperative stroke. This risk may be further increased by some 

otherr factors, in particular a rebound hypercoagulable state caused by the 

discontinuationn of anticoagulation and the prothrombotic effect of the surgery itself. 

However,, the precise perioperative risk in patients with AF has never been established. 

Thee presumed increased risk for thromboembolic and bleeding complications may 

havee implications for the perioperative management of anticoagulation in this group of 

patients.. Aim of this analysis is to assess the risk of perioperative thromboembolism 

andd bleeding in patients with AF who undergo a surgical procedure. We used the 

datasett of a large clinical trial of patients with AF and evaluated all non-cardiac surgical 

interventionss in terms of bleeding complications and thromboembolism. 
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METHODS S 

Design Design 
Recruitmentt occurred as part of a multicenter randomised study comparing rate and 

rhythmm control in patients with recurrent persistent atrial fibrillation or flutter8. Rate 

controll was achieved with administration of digitalis, a calcium-channel blocker or a 

beta-blocker,, alone or in combination. Rhythm control was achieved with electrical 

cardioversion.. Only patients in whom VKA were not contra-indicated were included. In 

addition,, patients were excluded when the current episode of atrial fibrillation or flutter 

hadd lasted longer than one year, patients with a pace-maker, or patients with New York 

Heartt Association class IV heart failure. General surgery was defined as any non-cardiac 

surgicall intervention during the study period. The perioperative anticoagulation was 

managedd according to the existing guidelines, which means that the anticoagulation 

wass interrupted during the surgical intervention. 

Outcomes Outcomes 
Thee primary outcome parameter of this analysis was the occurrence of a postoperative 

thromboembolicc or bleeding event. A postoperative thromboembolic event was defined 

ass a symptomatic cerebral or peripheral thromboembolism occurring within 28 days 

afterr the surgical intervention. A transient ischemic attack (TIA) was also being 

consideredd as a thromboembolic event. Cerebral events had to be diagnosed by a 

neurologistt and confirmed with the use of a CT-scan. Peripheral thromboembolism had 

too be confirmed by a surgeon. Bleeding was recorded as major if the hemoglobin value 

decreasedd by more than 2 g per litre, if blood transfusion or hospitalization was 

necessary,, or if the bleeding was fatal. All other reported bleedings were considered 

minorr bleedings. 

StatisticalStatistical  analysis 
Thee risk of thromboembolism and bleeding within one month after surgery was 

calculatedd for the total cohort of patients. We also calculated the risk for 

thromboembolismm and bleeding in the remaining period. The number of events per time 

periodd were calculated and expressed as monthly incidence. Two-sided ninety-five 

percentt confidence intervals (CI) with the assumption of a Poisson distribution were 

calculatedd for the rate ratios of the monthly incidences. Analyses were carried out with 

SPSSS (version 10.1, SPSS inc., Chicago, IL, USA). 
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Tabl ee I. Baseline characteristics of the patients (n=94) 

Characteristic c 

Agee (years  SD) 

Male e 

Meann follow up (months) 

VKA A 

Salicylatess (combined with VKA) 

Noo anticoagulant treatment 

Historyy of arterial thromboembolism 

TIA A 

Stroke e 

Peripherall embolism 

Historyy of hypertension 

Historyy of diabetes 

Historyy of bleeding 

NYHAA class (% of patients) 

1 1 

II I 

III I 

Echocardiographyy findings (in mm ) 

Sizee of left atrium, long axis 

Leftt ventricular end-diastolic diameter 

Leftt ventricular end-systolic diameter 

Septall thickness 

Posteriorr wall thickness 

Fractionall shortening (in %) 

Mitrall stenosis 

69.99  7.4 

6 1 % % 

28.9 9 

92 /94 4 

1/944 (5/94) 

1/94 4 

15/94 4 

9 /94 4 

4 /94 4 

2 /94 4 

50% % 

13% % 

9% % 

47% % 

49% % 

4% % 

455 7 

522 7 

366 7 

100 3 

100 2 

3 11 9 

0 /94 4 

SDD = standard deviation; TIA = transient ischemic attack: NYHA = New York Heart Association; VKA = vitamin K 

antagonist t 

RESULTS S 

Ninety-fourr patients from a total of 522 patients underwent 121 non-cardiac operations 

duringg a mean follow-up period of 29 months. Seventy patients had single operations, 

211 patients had 2 operations and 3 patients had 3 operations. Data was available for 

1166 of the 121 interventions. The mean age of the population was 69.9  7.4 year. 
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Ninety-twoo patients (98%) were taking VKA, 1 patient was taking salicylates and one 

patientt had no antithrombotic therapy. Table I presents baseline characteristics of the 

studyy population. Information on the surgical interventions is presented in Table II. Eye 

surgeryy was most common, followed by general surgery and urologie surgery. 

ThromboembolicThromboembolic  events 
Noo thromboembolic event occurred in the first month after surgery, as compared to 11 

eventss in the remaining time period (0.42%/month). The 11 events included 7 ischemic 

strokes,, 1 TIA and 3 peripheral embolism. All patients had one or more risk factors for 

stroke. . 

Tabl ee II. Characteristics of non-cardiac surgery 

Classificationn of surgery 

Totall number of surgical interventions 121 

Numberr of interventions per patient 

11 intervention 70 patients 

22 interventions 21 patients 

33 interventions 3 patients 

Classificationn of interventions 

Generall surgery 

Gastro-intestinall surgery 

Orthopedicc surgery 

Eyee surgery 

Dermatologiee surgery 

Urologiee surgery 

Vascularr surgery 

Otherr surgery 

Unknown n 

23 3 

8 8 

14 4 

29 9 

6 6 

20 0 

14 4 

6 6 

1 1 

BleedingBleeding  events 
Characteristicss of the bleeding complications are summarized in Table III. There is a 3.6-

foldd increased risk for all bleeding complications within 1 month after surgery as 

comparedd to the control period (95% CI 1.05-12.0). One major bleeding occurred in the 

firstt month after surgery (0.9%/month). This patient developed a local hematoma after 

totall hip replacement on the day of surgery. Two minor bleeding episodes occurred, 1 

afterr a basalioma excision on the day of surgery and 1 bleeding occurred 3 days after 
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totall knee replacement. In this patient, the VKA was not yet restarted at the time of the 

bleeding.. Rate ratios for minor and major bleeding in the first month after surgery as 

comparedd to the control period were 4.1 (95% CI 0.9-18.4) and 2.8 (95% CI 0.4-22.5)T 

respectively. . 

Fivee surgical interventions in 4 patients could not be evaluated. One of these 

patientss (with cataract surgery and extirpation of a mammal gland) had rectal blood 

loss.. It was not clear whether the surgical intervention was a contributing factor in the 

bleedingg complication. 

Tabl ee lit . Incidence of thromboembolism and bleeding in the first month after surgery 
comparedd to the control period. 

Outcomes s 

Thromboembolism m 

Alll bleeding 

majorr bleeding 

minorr bleeding 

Alll events 

1 s tt month after surgery 

No. . (%% / month) 

0(0) ) 

33 (2.6) 

11 (0.9) 

22 (1.7) 

33 (2.6) 

Controll period 

No.. ( % / month) 

111 (0.4) 

199 (0.7) 

8(0.3) ) 

111 (0.4) 

300 (1.2) 

Ratee Ratio (95% CI) 

Noo estimate available 

3.66 (1.05-12.0) 

2.88 (0.35-22.5) 

4.11 (0.91-18.4) 

1.22 (0.7-7.4) 

CII = confidence interval 

DISCUSSION N 

Thiss study describes the risk for thromboembolism and bleeding in 94 patients with AF 

undergoingg 121 non-cardiac surgical interventions. We compared the incidence of these 

adversee events in the first month following surgery with the remaining follow up period. 

AA 3.6-fold increased risk for bleeding complications in the perioperative period was 

observed.. All the bleeding episodes occurred within 3 days after surgery. No 

thromboembolicc events occurred in patients with AF during the postoperative period. 

Thee results of this study may have implications for the management of 

anticoagulantt therapy in the perioperative setting. Although we observed a significant 

increasedd risk for bleeding complications in the perioperative period, the absolute 

incidencee of bleeding is low (2.4%). The low rate of thromboembolism implicates that a 

shortt interruption of the anticoagulation may not be as dangerous as often presumed 

andd that a less aggressive approach may be warranted. Several review articles give 

recommendationss for perioperative management9-11. These guidelines advice that only 

patientss with the highest periprocedural risk for thromboembolism should receive 
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heparin.. The administration of heparin is optional in the majority of the patients with 

intermediatee risk for thromboembolism. 

AA methodological issue about our study requires comment. The data collection for 

thee surgical interventions might have received less attention than if the underlying 

hypothesiss had been formulated in advance. However, the outcomes in the original 

studyy were identical as in our analysis and had been assessed by an adjudication 

committeee on the basis of pre-specified criteria. 

Howw can we explain the low observed incidence of thromboembolism within 1 

monthh after surgery? First, it might be that the number of observed patients was too low 

too detect a difference. A second hypothesis is that patients with the highest 

thromboembolicc risk were not candidate for an elective surgical intervention because 

theirr clinical condition did not permit major surgery or anaesthesia and that only low 

andd medium risk patients were included in our analysis. However, the yearly incidence 

off thromboembolism in the control period was 5% (0.42% per month), which is identical 

too that observed in other trials implicating that our cohort appears to be representative 

forr a normal AF population. 

AA recently published retrospective study by Torn et al. showed that bleeding and 

thromboembolismm are frequent problems in patients receiving long-term anticoagulant 

therapyy undergoing surgery2. The study included 603 interventions in patients with high 

thromboembolicc risk for which they used VKA. The study included patients with 

mechanicall heart valves, atrial fibrillation and myocardial infarction. The incidence of 

thromboticc events was 2.5% and bleeding complications occurred with an incidence of 

9.5%.. Two-third of all events occurred within 48 hours after surgery, with a maximum of 

200 days. The incidences of thromboembolic and bleeding complications are higher than 

observedd in our study. However, 70% of the complications in the study published by Torn 

andd collegues were associated with angiography and cardiac surgery. These types of 

interventionss made up 42% of the total number of interventions, whereas in our study 

cardiacc interventions were not evaluated and angiographic interventions made only 4% 

off the total cohort. In addition, in our study almost 25% of the interventions were eye 

surgery,, which can be classified as low bleeding risk surgery. 

Assessingg the perioperative risk for thromboembolism may be helpful in other 

clinicall situations. It has been estimated that stopping VKA within 1 month after an 

acutee episode of venous thromboembolism is associated with a 40% risk of recurrence 

andd this risk decreases to 10% after 2 to 3 months9. If surgery is performed within 3 

monthss of an acute event, the use of heparin in the perioperative period should be 

considered.. There are no reliable data for the thromboembolic risk in patients with 

mechanicall heart valves who do not receive anticoagulation. The guidelines for the 

perioperativee management are based on opinions from experts and are diverse, varying 

fromm temporary discontinuation of VKA a few days before surgery and reinstitution after 

88 8 



Chapterr 6 

surgeryy to complete coverage with intravenous unfractionated heparin (UFH) only shortly 

interruptedd during the surgical procedure1 0 1 2 . Although the use of heparin reduces the 

incidencee of perioperative thromboembol ism, it wil l increase the morbidity due to 

bleedingg complications. To minimise this risk, UFH should be stopped 6 hours prior to 

surgeryy and it seems to be safe to start the UFH after 12 to 24 hours after the surgical 

intervention13 . . 

Inn conclusion, this study shows that there is an increased risk for bleeding 

complicat ionss in the perioperative period in patients with AF who use VKA. The observed 

loww incidence of thromboembol ism suggest that it is safe to withhold the 

anticoagulat ionn for a short period of t ime. Larger randomized trials with predefined 

perioperativee anticoagulation protocols are needed to further optimize the perioperative 

strategies. . 
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ABSTRACT T 

Background:Background: After a first episode of venous thromboembolism, patients are treated with 

vitaminn K antagonists. There are indications that the risk of recurrence after treatment 

withh vitamin K antagonists decreases relative to the time since the first event. The aim 

off the present meta-analysis is to describe the risk of recurrent venous 

thromboembolismm after treatment with vitamin K antagonist in relation to the time 

sincee the index event. 

Methods:Methods: Computerized searches in MEDLINE and EMBASE databases; reference checks 

off pertinent articles; personal communication with colleagues to find randomized 

clinicall trials and cohort studies in which patients with venous thromboembolism were 

treatedd with vitamin K antagonists. Per treatment arm, 2 reviewers independently 

extractedd data on the number of recurrent events and the duration of follow-up per time 

periodd of 3 months. 

Results:Results: A total of 135 potentially eligible studies were identified. Of these, 18 studies 

couldd be included, comprising 25 treatment arms that could be analyzed. Treatment 

armss were divided into 3 groups based on treatment duration (short, medium, and 

long).. For all 3 groups, the monthly incidence immediately after discontinuation of 

treatmentt was high and declined rapidly thereafter. The monthly incidence after 9 

monthss seemed independent of the treatment duration. 

Conclusions:Conclusions: There is a diminishing risk of recurrent venous thromboembolism over 

timee and a stabilization after 9 months independent of the duration of the initial 

treatmentt with vitamin K antagonists. These findings have important implications for 

decisionn making about the optimal duration of treatment with vitamin K antagonists. 
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INTRODUCTION N 

Patientss with venous thromboembolism are initially treated with low molecular weight 

heparinn or unfractionated heparin for 5 to 10 days12. Within 48 hours, secondary 

prophylacticc therapy with vitamin K antagonists (VKA) is started and continued for 3 to 6 

monthss for most patients. However, there is much debate about the length of this 

treatmentt period. In certain subgroups of patients who are thought to be at an 

increasedd risk of recurrent events, there is a trend toward a prolonged duration3. And 

indeed,, continuation of treatment with VKA after 3 months results in a decrease in the 

riskk of recurrent thromboembolic events4. 

AA retrospective analysis by Van den Belt et al suggests that the annual incidence 

off recurrent venous thromboembolism in patients with a continuous risk factor (familial 

thrombophilia)) is high during the first years and decreases thereafter5. However, there is 

noo consensus about the existence and degree of such an effect6. Clearly, the presence 

off a diminishing risk over time will affect treatment decisions. If the risk of venous 

thromboembolismm decreases relative to the time since the first event, the benefit of 

prolongationn of VKA treatment would also decrease over time. Since the risk of bleeding 

relatedd to VKA treatment remains constant, the duration of treatment with VKA after a 

firstt thromboembolic event would be highly dependent on the decreasing risk of 

recurrentt thromboembolic events7. 

Thee aim of the present meta-analysis is to gain insight into the natural course of 

eventss following a first episode of symptomatic venous thromboembolism, in particular 

afterr cessation of treatment with VKA. Therefore, the risk of recurrent 

thromboembolismm is quantified, after a period of treatment with VKA, in relation to time 

sincee the first event and the duration of treatment. For this purpose, we conducted a 

systematicc review of published reports on cohorts of patients with documented venous 

thromboembolism. . 

METHODS S 

SelectionSelection  of  articles 
AA computerized search in MEDLINE (January 1975-July 2001) and EMBASE (January 

1988-Julyy 2001) was performed to find all studies that addressed the timing of 

recurrentt venous thromboembolism in patients treated with VKA after a first 

thromboembolicc event. The following keywords were used: venous thromboembolism, 

deepp vein thrombosis, pulmonary embolism, oral anticoagulants, vitamin K antagonist, 

warfarin,, dicoumarol, acenocoumarol, phenprocoumon, recurrent, and recurrence. In 

addition,, articles were identified by checking references of pertinent articles and 

throughh personal communication with colleagues. 
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Thee potential eligible studies were evaluated independently by 2 reviewers and 

assessedd for eligibility based on predetermined criteria. Disagreements were resolved 

byy consensus. If no consensus was reached, the opinion of a third reviewer was decisive. 

Onlyy randomized clinical trials or cohort studies were included in which the patients 

weree diagnosed with deep vein thrombosis and/or pulmonary embolism and received 

treatmentt with VKA. Subsequently, studies were excluded if (1) no data were available 

aboutt the timing of the recurrent thromboembolic events after cessation of VKA; (2) 

moree than 10% of patients were lost to follow-up; (3) the study was a duplicate report or 

thee cohort was the same as in another included study; (4) other anticoagulant or 

antiplatelett drugs were used; and/or (5) the diagnosis of venous thromboembolism was 

objectivelyy confirmed in fewer than 70% of the patients. The diagnosis of the initial and 

thee recurrent episode of venous thromboembolism were considered to be objectively 

confirmedd if the suspected deep-vein thrombosis was based on venography or 

compressionn ultrasound, if the suspected pulmonary embolism was confirmed by 

pulmonaryy angiography or a high-probability ventilation/perfusion lung scan, or when an 

associatedd deep vein thrombosis was proven by either venography or compression 

ultrasound. . 

DataData extraction 
Alll included articles were evaluated by 2 reviewers independently. Disagreements were 

resolvedd by consensus. If no consensus was reached, the opinion of a third reviewer was 

decisive. . 
Perr study, treatment arms were defined by treatment duration. Time elapsed since 

thee index event was categorized into 5 periods (1 to 3 months, 3 to 6 months, 6 to 9 

months,, 9 to 12 months, and 12 to 18 months). Per treatment arm, we extracted the 

numberr of recurrent events after treatment with VKA, the number of patients, and the 

follow-upp time. In addition, data on the intensity of treatment with VKA were extracted. 

Alsoo information about the number, mean age, sex, and comorbidity of patients 

includedd in the studies was recorded. 

Analysis Analysis 
Forr each treatment arm separately, a monthly incidence was calculated of recurrent 

venouss thromboembolism per time period after discontinuation of treatment with VKA. 

Thiss was done by dividing the number of recurrent events by the number of patient-years 

inn that period. 

Thee treatment arms were categorized into 3 groups based on the duration of 

treatmentt with VKA. The different durations of treatment were defined as short (4 to 6 

weeks),, medium (3 months), and long (4 to 6 months). For each group, a pooled 

monthlyy incidence rate per period of 3 months was calculated by weighing the separate 
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monthlyy incidence rates by the duration of follow-up for that particular period. Finally, 

thee 95% confidence intervals (Cl's) around these estimates were calculated. In addition, 

ann identical analysis was done on the studies in which patients with cancer were 

excluded.. The advisability of combining the trial results was addressed with a statistical 

testt of heterogeneity by means of a Pearson x2 test (P>.20). 

RESULTS S 

DescriptionDescription  of  studies  selected 
AA total of 135 potentially eligible studies were identified. Of these, 17 did not meet the 

criteriaa for inclusion. Of the remaining 118 studies12*123, 100 had to be excluded. The 

reasonss for exclusion were absence of data on timing of the recurrent events (83 

studies)12-s-888 reports on the same cohort (9 studies)8997, loss to follow-up exceeding 

10%% (4 studies)97101, lack of confirmation of diagnosis by objective diagnostic methods 

(33 studies)102104, and concomitant use of antiplatelet or other anticoagulant drug (1 

study)105.. Therefore, a total of 18 studies were available for data extraction106123. 

Characteristicss of these studies are summarized in Table I. 

Off the 18 studies, 16 (89%) were randomized clinical trials106121, 1 was a 

combinationn of a randomized clinical trial and a prospective cohort study122, and 1 was 

aa prospective cohort study123. In 6 studies, the cohort could be subdivided in 2 or more 

treatmentt arms based on differences in the duration of treatment with VKA. Hence, the 

188 studies resulted in a total of 25 treatment arms that could be evaluated in the meta-

analysis,, with a total of 3186 patients at risk. In most studies, initial treatment of 

venouss thromboembolism consisted of unfractionated heparin, while low molecular 

weightt heparin as initial treatment was used in 3 more recent studies. In 12 studies, 

deepp vein thrombosis was the only indication for inclusion. In the other 6, patients with 

pulmonaryy embolism were also included. The composition of patient groups varied 

considerablyy per study and is detailed in Table I. 
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Tabl ee I. Characteristics and methodologie quality for studies included in the meta-analysis 

Studyy Characteristics 

Study,, year 
~~ . „ , * „ , . , „ , „ . Initial Objec-
Designn Patients PE/DVT _ , && Treat- t ive 

(n)» » 
testt (%) 

Lost t 

too Dura t ion 

FUU VKA 

(%) ) 

Target t 
INR R 

Reported d 
Riskk factors 

Hulll etal,114 1982 ret 

Hulll et a),116 1982 ret 

Holmgrenn et al,1L2 ret 
1985 5 

Schulmann et al.109 ret 
1985 5 

52 2 100 0 

100 0 

UFHH 73 

sk/UFHH 71 

33 months 

11 month 
66 months 

1.55 months 
33 months 
66 months 

2.0-4.0"" idiopathic(15%) 
cancer(9%) ) 
surgery/trauma(45%) ) 

2.3-4.0"" idiopathic(21%) 
cancer(ll%) ) 
suu rge ry/ tra u m a( 2 9%) 

2.1-5.3bb cancer(12%) surgery/trauma/ 
immobilization(18%) ) 

2-2.55 temporary(36%) 
permanent(64%) ) 

Lagerstedtt et ret 
al,1111985 5 
Brandjess et a l , 1 0 7 ret 

1992 2 

Plnii e t a l . 1 0 8 1 9 9 4 ret 

L e v i n e e tt a l , 1 1 8 ret 
1994 4 
L indmarke rr et a l , ret 
it?? 1 9 9 4 

23 3 

53 3 

194 4 

Schulmann et al.110 ret 876 
1995 5 

DVT T 

DVT T 

DVT T 

UFHH 100 

UFHH 100 

UFHH 100 

0 0 

3.7 7 

33 months 

33 months 

33 months 

DVT/PEE UFH 100 0 3 months 

DVTT UFH or 100 3.9 3 months 
LMWH H 

DVT/PEE UFH or 100 4.9 6 weeks 
LMWHH 6 months 

2.5-4.2 2 

2.0-3.0 0 

2-3.5' ' 

previouss VTE(13%) 

cancer(7%) ) 
surgery/traumaa (10%) 
immobilization(8%) ) 
cancer(24%) ) 
previouss DVT(14%) 
surgery/trauma(31%) ) 

2.0-3.00 previous VTE (17%) 
cancer(28%) ) 

2.0-3.00 previous VTE(16%) 
cancer(8%) ) 
surgery/immobilizationn (42%) 
familyy history(15%) 

2-2.855 permanent/unknown 
(62%)) cancer(6%) 
familyy history(15%) 

Levinee et al,122 

1995 5 

Tardyy etal.115 

1997 7 
Simionii et al,123 

1997 7 

Gonzalez-Fajardo o 
ett al.119 1999 

Kearonn et al.10e 

1999 9 

Ascanii et al,113 

1999 9 
Agnellii et al,120 

2001 1 

Pinedee et al,121 

2001 1 

ret/ / 
cohort t 

ret t 

cohort t 

ret t 

ret t 

ret t 

ret t 

ret t 

403 3 

10 0 

230 0 

59 9 

83 3 

20 0 

126 6 

627 7 

DVT T 

DVT/PE E 

DVT/PE E 

DVT T 

DVT/PE E 

DVT T 

DVT T 

DVT/PE E 

UFH H 

nr r 

UFH H 

UFH H 

UFHH or 
LMWH H 

UFH H 

UFHH or 
LMWH H 

UFHH or 
LMWH H 

100 0 

100 0 

100 0 

100 0 

100 0 

100 0 

100 0 

100 0 

3.4 4 

0 0 

<10" " 

3.8 8 

0 0 

0 0 

0 0 

2.9 9 

44 weeks 
33 months 

4.33 months 

33 months 

33 months 

33 months 

4.22 months 

33 months 

66 weeks 
122 weeks 
244 weeks 

2.0-3.0 0 

2.0-3.0 0 

2.0-3.0 0 

2.0-3.0 0 

2.0-3.0c c 

2.0-3.0 0 

2.0-3.0 0 

2.0-3.0 0 

continuee (69%) 
transientt (31%) 

NR R 

FVLL (16%) 
surgery/trauma(41%) ) 

cancer(10%) ) 
trauma/surgery/ / 
immobilization(29%) ) 
previouss VTE (5%) 
FVLL (26%) 
APIAA (5%) 
prothrombinee (5%) 

idiopathicc (100%) 

idiopathicc (100%) 

idiopathicc (44.6%) 
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Legendd to Table I 
a)) number of patients at time of discontinuation of treatment 

 target INR was estimated from prothrombine time or Thrombotest (130) 
c)) adequacy of ant icoagulat ion: Pini (1994) defined three categories. One category in which more than two third of a 

patientt s INR values were within the target range (38% of the patients), one in which between one third and two third 

of.aa patient's INR-values were within the target range (43% of the patients) and a category in which less than one 

thirdd of the INR-values were within the target range (19% of the patients). Kearon (1999) reported that for the whole 

groupp 2 2 % of t ime was spent below and INR of 2 and 14% of the t ime was spent above an INR of 3. 
d)) information provided by one of the authors 

REFF denotes reference; NR, not reported; DVT, deep vein thrombosis; PE, pulmonary embol ism: VTE, venous 

thromboembol ism;; sk. streptokinase: UFH, unfractionated heparin: LMWH. low-molecular-weight heparin; ret, 

randomizedd clinical tr ial; VKA. v i tamin K antagonists; INR, international normal ised ratio; FVL, factor V Leiden 

mutat ion;; APLA anttphospholipid antibodies. 

TreatmentTreatment  with  vitamin  K antagonists 
inn generai, the target international normalized ratio ranged from 2.0 to 3.0. in 5 studies, 

ann upper limit of more than 3.0 was used. Only 2 of the included studies reported on the 

adequacyy of anticoagulation. In 5 of the 25 treatment arms (710 patients), the duration 

off treatment with VKA was shoi-i; in 14 treatment arms (1718 patients) the duration of 

treatmentt was of medium length; while in 6 treatment arms (758 patients) the duration 

off VKA treatment was long. 

IncidenceIncidence  of  recurrent  venous  thromboembolism 
Forr the groups defined by the length of the treatment period (short, medium, and long), 

thee data in relation to time since the first event and after discontinuation of treatment 

aree summarized in Tables II, 111, and IV. The number of events, the number of patient-

yearss and the monthly incidences of recurrent venous thromboembolism are given for 3-

monthh intervals. The overall incidences and their 95% CI's are also presented in Figure I. 

Inn all 3 groups the incidence of recurrent venous thromboembolism declined in 

timee since the index event. In the period of 9 to 18 months after the first event, the 

monthlyy incidence of recurrent venous thromboembolism was of comparable 

magnitudee for all 3 treatment durations (0.50%-0.71% in the period 9 to 12 months 

afterr the event and 0.42%-0.59% in the period 12 to 18 months after the event). 
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Tab l ee It. Treatment arms in which duration of treatment with vitamin K antagonists was short 
(44 to 6 weeks). Monthly incidence of recurrent venous thromboembolism per period after 
cessationn of treatment. 

Timee after index 
eventt (months) 

1-3 3 

1.5-3 3 

1-3 3 

1.5-3 3 

1.5-3 3 

3-6 6 

3-6 6 

3-6 6 

3-6 6 

3-6 6 

6-9 9 

6-9 9 

6-9 9 

6-9 9 

6-9 9 

9-12 2 

9-12 2 

9-12 2 

9-12 2 

9-12 2 

12-18 8 

12-15 5 

Study,, year 

Holmgren.1"" 1985 

Schulman,1099 1985 

Levine,1221995 5 

Schulman.1101995 5 

Pinede,1211 2001 

Holmgren.1133 1985 

Schulman,"»» 1985 

Levine.1221995 5 

Schulman,1100 1995 

Pinede.1211 2001 

Holmgren.1"" 1985 

Schulman,1™™ 1985 

Levine,1222 1995 

Schulman.1100 1995 

Pinede,1211 2001 

Holmgren.1122 1985 

Schulman.1099 1985 

Levine,1222 1995 

Schulman.1100 1995 

Pinede,1211 2001 

Schulman,1101995 5 

Pinede,1211 2001 

Treatme e 
nt t 
duration n 

11 month 

66 weeks 

44 weeks 

66 weeks 

66 weeks 

11 month 

66 weeks 

44 weeks 

66 weeks 

66 weeks 

11 month 

66 weeks 

44 weeks 

66 weeks 

66 weeks 

11 month 

66 weeks 

44 weeks 

66 weeks 

66 weeks 

66 weeks 

66 weeks 

Patients s 
att risk 
(n) ) 

58 8 

10 0 

105 5 

437 7 

100 0 

55 5 

10 0 

93 3 

409 9 

99 9 

54 4 

9 9 

89 9 

382 2 

99 9 

52 2 

9 9 

85 5 

367 7 

99 9 

698 8 

99 9 

Events s 
(n) ) 

3 3 

0 0 

9 9 

24 4 

1 1 

1 1 

1 1 

2 2 

20 0 

0 0 

2 2 

0 0 

1 1 

8 8 

0 0 

1 1 

0 0 

0 0 

8 8 

0 0 

10 0 

0 0 

Patien n 
t--
years s 

9.40 0 

1.25 5 

16.53 3 

52.99 9 

12.43 3 

13.60 0 

2.38 8 

22.80 0 

98.90 0 

24.75 5 

13.30 0 

2.25 5 

21.80 0 

93.68 8 

24.75 5 

12.80 0 

2.25 5 

21.00 0 

89.98 8 

24.75 5 

172.10 0 

24.75 5 

pooled d 

pooled d 

pooled d 

pooled d 

pooled d 

Monthlyy incidence (%) 
[95%% CI] 

2.66 6 

0.00 0 

4.54 4 

3.77 7 

0.67 7 

3.333 [2.34 - 4.59] 

0.61 1 

3.50 0 

0.73 3 

1.69 9 

0.00 0 

1.233 [0.79 -1.83] 

1.25 5 

0.00 0 

0.38 8 

0.71 1 

0.00 0 

0.599 [0.29 -1.05] 

0.65 5 

0.00 0 

0.00 0 

0.74 4 

0.00 0 

0.500 {0.23 - 0.94] 

0.48 8 

0.00 0 

0.422 [0.20 - 0.78] 

Thee incidence of recurrent venous thromboembol ism was highest in the group of 

patientss treated for a long duration in the period 3 to 6 months after the index event 

(3.96%;; 95% CI, 0.47%-14.3%). However, this calculation is based on a small number of 

observationss and is not significantly different f rom the incidence for that period in the 

groupss for which the duration of t reatment was short (1.23%; 9 5 % CI, 0.79%-1.83%) 

andd those for which it was of med ium length (1.19%; 9 5 % CI, 0.91%-1.53%). From 3 

studies,, the monthly incidence in the period f rom 18 to 2 1 months could be calculated; 

itt was 0.39% 106.120.123. 
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Tab l ee III. Treatment arms in which duration of treatment with vitamin K antagonists was 
mediumm (3 months). Monthly incidence of recurrent venous thromboembolism per period after 
cessationn of treatment. 

Timee after 
indexx event 
(months) ) 

3-6 6 

3-6 6 
3-6 6 

3-6 6 
3-6 6 

3-6 6 
3-6 6 

3-6 6 
3-6 6 
3-6 6 

3-6 6 
3-6 6 

3-6 6 
3-6 6 

e-y y 
6-9 9 

6-9 9 
6-9 9 
6-9 9 

6-9 9 
6-9 9 

6-9 9 
6-9 9 

6-9 9 
6-9 9 
6-9 9 

9-12 2 
9-12 2 

9-12 2 
9-12 2 
9-12 2 

9-12 2 
9-12 2 

9-12 2 
9-12 2 

9-12 2 
9-12 2 

12-15 5 
12-18 8 

12-18 8 
12-18 8 

12-15 5 

Study,, year 

Hull,1111982 2 

Hull,1166 1982 
Lagerstedt.1111985 5 
Schulman,1099 1985 

Brandjes,1071992 2 

Levine,1188 1994 
Lindmarker,1171994 4 

Pini.1088 1994 

Levine.1222 1995 
Simioni,1231997 7 

Gonzalez-Fajardo,Gonzalez-Fajardo,119119 1999 
Kearon,1066 1999 

Agnelli,1200 2001 
Pinede,1211 2001 

Hull,1144 1982 

Hull,1166 1982 

Lagerstedt,1111985 5 
Schulman,1099 1985 
Brandjes,1077 1992 

Levine,1188 1994 
Levine,1222 1995 
Simioni,1233 1997 

Gonzalez-Fajardo,1199 1999 
Kearon,1066 1999 

Agnelli.1200 2001 
Pinede,1211 2001 

Hull.1144 1982 

Hull.1166 1982 
Lagerstedt,1111 1985 

Schulman,1099 1985 

Levine,1166 1994 
Levine,1221995 5 

Simioni.1231997 7 
Gonzalez-Fajardo.1191999 9 

Kearon,1066 1999 
Agnelli,1200 2001 

Pinede,1212001 1 

Schulman,1099 1985 

Simioni,1233 1997 
Kearon.1066 1999 

Agnelli.1200 2001 

Pinede.1211 2001 

Treatment t 
duration n 

33 months 

33 months 
33 months 

33 months 
33 months 

33 months 
33 months 

33 months 
33 months 
33 months 

33 months 
33 months 

33 months 
33 months 

33 months 

33 months 
33 months 

33 months 
33 months 
33 months 

33 months 
33 months 

33 months 
33 months 
33 months 

33 months 

33 months 

33 months 

33 months 
33 months 

33 months 
33 months 

33 months 
33 months 
33 months 

33 months 
33 months 

33 months 

33 months 
33 months 

33 months 
33 months 

Patients s 
att risk 
(n) ) 

52 2 

89 9 
23 3 

26 6 
53 3 

124 4 
194 4 

54 4 

298 8 
230 0 

59 9 
83 3 

126 6 
307 7 

50 0 
88 8 
22 2 

25 5 
50 0 

124 4 

282 2 
219 9 

56 6 
63 3 

123 3 
298 8 

48 8 
87 7 
22 2 

25 5 
122 2 

272 2 
216 6 

56 6 

44 4 
119 9 

296 6 

24 4 

211 1 
34 4 

113 3 

290 0 

Events s 
(n) ) 

1 1 
1 1 

1 1 

0 0 
2 2 
0 0 

6 6 
1 1 

14 4 

11 1 
3 3 

10 0 
1 1 

9 9 

1 1 

0 0 
0 0 
0 0 

0 0 
2 2 
6 6 

3 3 
0 0 

3 3 
4 4 
2 2 

0 0 
1 1 

0 0 
1 1 

0 0 
5 5 

5 5 
0 0 
1 1 

5 5 
6 6 

0 0 
5 5 

1 1 

5 5 
2 2 

Patient--
years s 

12.75 5 
22.10 0 

5.54 4 

6.50 0 

12.88 8 
31.00 0 
47.75 5 

13.43 3 
72.50 0 
56.08 8 

14.38 8 
18.38 8 

31.13 3 
75.63 3 

Monthlyy incidence (%) 
[95%% CI] 

0.65 5 
0.38 8 

1.50 0 
0.00 0 

1.29 9 
0.00 0 

1.05 5 
0.62 2 
1.61 1 

1.63 3 
1.74 4 
4.53 3 

0.27 7 
0.99 9 

pooledd 1.19 [0.91 -1.53] 

12.20 0 

21.80 0 
5.50 0 

6.25 5 
12.50 0 

30.75 5 
69.30 0 
54.35 5 
14.00 0 

13.50 0 
30.25 5 

74.25 5 

0.68 8 
0.00 0 

0.00 0 
0.00 0 
0.00 0 
0.54 4 

0.72 2 

0.46 6 
0.00 0 
1.85 5 

1.10 0 
0.22 2 

pooledd 0.5110.31-0.78] 

11.60 0 
7.20 0 
5.50 0 

6.13 3 
30.50 0 

67.20 0 
53.35 5 

14.38 8 
9.87 7 

29 9 

73.2 2 

0.00 0 
1.16 6 

0.00 0 
1.36 6 
0.00 0 

0.62 2 
0.78 8 

0.00 0 
0.84 4 
1.44 4 

0.68 8 
pooledd 0.65 [0.42 - 0.97] 

5.88 8 

104.08 8 
13.10 0 

55.25 5 
72.25 5 

0.00 0 
0.40 0 
0.64 4 

0.75 5 

0.23 3 

pooledd 0.43 [0.23 - 0.74] 
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Inn 5 studies, only patients without cancer were included106109111121123. A summary 

analysiss was only possible for the group of patients who were treated with VKA for a 

mediumm time period (3 months). A total of 672 patients could be included in this 

analysis.. The monthly incidence of recurrent venous thromboembolism was 1.59% in 

thee period between 3 and 6 months and declined to 0.58% in the period between 6 and 

122 months and to 0.34% in the period between 12 and 18 months after index event. 

Thee statistical test of heterogeneity was negative (p>.20) for each of the monthly 

incidencess calculated per period, except for patients treated for 3 months in the period 

33 to 6 months after the index event (p=.005). 

Tabl ee IV. Treatment arms in which duration of treatment with vitamin K antagonists was long 
(44 to 6 months). Monthly incidence of recurrent venous thromboembolism per period after 
cessationn of treatment. 

Timee after 
indexx event 
(months) ) 

3-6 6 

3-6 6 

6-9 9 

6-9 9 

6-9 9 

6-9 9 

6-9 9 

6-9 9 

9-12 2 

9-12 2 

9-12 2 

9-12 2 

9-12 2 

122 15 

12-18 8 

1215 5 

Study,, year 

Tardy.1155 1997 

Ascani,1131999 9 

Holmgren.1122 1985 

SchuJman.1099 1985 

Schulman,1100 1995 

Tardy.1155 1997 

Ascani,1131999 9 

Pinede.1211 2001 

Holmgren,1122 1985 

Schulman.1091985 5 

Schulman,1101995 5 

Tardy.1155 1997 

Pinede.1312001 1 

Schulman.1™™ 1985 

Schulman.1100 1995 

Pinede.1212001 1 

Treatment t 
duration n 

4.33 months 

4.22 months 

66 months 

66 months 

66 months 

4.33 months 

4.22 months 

66 months 

66 months 

66 months 

66 months 

4.33 months 

66 months 

66 montr-i 

66 months 

66 months 

Patients s 
att risk (n) 

10 0 

20 0 

53 3 

16 6 

439 9 

9 9 

19 9 

220 0 

49 9 

15 5 

423 3 

9 9 

214 4 

14 4 

412 2 

210 0 

Events(n) ) 

1 1 

1 1 

4 4 

1 1 

11 1 

0 0 

0 0 

6 6 

3 3 

1 1 

7 7 

0 0 

4 4 

0 0 

13 3 

5 5 

Patien n 
t--

years s 

1.34 4 

2.87 7 

12.75 5 

3.88 8 

107.80 0 

225 5 

4.75 5 

54.25 5 

11.88 8 

3.75 5 

104.40 0 

2.25 5 

53 3 

3.50 0 

199.90 0 

51.9 9 

pooled d 

pooled d 

pooled d 

pooled d 

Monthlyy incidence (%) 
[95%% CI] 

6.22 2 

2.90 0 

3.966 [0.48 -14.30] 

2.61 1 

2.15 5 

0.85 5 

0.00 0 

0.00 0 

0.92 2 

0.999 [0.62 -1.49] 

2.11 1 

2.22 2 

0.56 6 

0.00 0 

0.63 3 

0.711 [0.40-1.18] 

0.00 0 

0.54 4 

0.80 0 

0.599 [0.35 - 0.93] 
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DISCUSSION N 

Inn the present meta-analysis, in which a total of 3186 patients were included, the risk of 

recurrentt thromboembolism in relation to the time since the index event and the 

durationn of VKA treatment was evaluated. It was clearly shown that the monthly 

incidencee of recurrent venous thromboembolism after treatment with VKA decreased 

overr time, while the incidence of recurrent events seemed to stabilize 9 months after 

thee index event, independent of the duration of treatment with VKA. Our findings are 

consistentt with observations in other thrombotic diseases, such as unstable coronary 

arteryy disease and myocardial infarction for which the incidence of recurrent episodes 

alsoo diminishes over time125126. 

Despitee the diversity of the patients included in the different studies, all tests for 

heterogeneityy were negative except for the period 3 to 6 months after the index event 

forr the patients who were treated for 3 months. This heterogeneous outcome is mainly 

duee to the study of Levine et al122, in which 28% of the included patients had cancer, 

whichh resulted in a relatively high number of recurrent venous thromboembolic events. 

However,, the presence of patients with cancer in the other included studies did not 

accountt for the rather high monthly incidence of recurrent venous thromboembolism 

immediatelyy after discontinuation of treatment. An analysis of data from studies in 

whichh no patients with cancer were included showed the same trend in recurrent venous 

thromboembolism. . 

Ideally,, to gain insight into differences in risk of recurrent venous 

thromboembolismm after different durations of treatment, a meta-analysis should be 

performedd that includes randomized clinical trials that are similar with respect to 

treatmentt durations and the characteristics of the patients included. Thus, a pooled 

oddss ratio for the comparison between a short and a longer duration could be 

calculated,, which would give a powerful estimate of differences for risk of recurrence 

betweenn groups. Unfortunately, as far as we know, not many randomized controlled 

trialss have been done that are identical on the treatment duration and the composition 

off the patients groups. Therefore, we believe that the best method to compare different 

durationss of treatment was to calculate summarized incidences of recurrent venous 

thromboembolismm per time period for the available cohorts. 

AA relative high monthly incidence (3.96%) of recurrent venous thromboembolic 

eventss shortly after the treatment with VKA for a longer period (4 to 6 months) can point 

too the existence of a "rebound phenomenon," as discussed in several studies103127. 

However,, the incidence of recurrent venous thromboembolism for that period was 

calculatedd from data of only 2 small studies113115, resulting in a large confidence 

intervals,, which included the point estimate of the patients treated for 3 months. Thus, 
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itt cannot be concluded specifically for patients who have been treated for a duration 

betweenn 4 and 6 months that 

4.00 0 

 00 

0.00 0 i i 

 short (4 - 6 weeks] 

 medium (3 months) 

 long (4 - 6 months) 

H33 Hé 
0-3 3 3-66 6-9 9-12 

timee after index event (months) 

12-18 8 

Figuree I. Monthly incidence and 95% CI off recurrent venous thromboembolism after treatment 
withh VKA for different durations of treatment in relation to time since index event. 

thee incidence of recurrent events is higher immediately after discontinuation of 

treatmentt than for those treated for 3 months only. 

Inn the 3 groups we distinguished, the monthly incidence of recurrent venous 

thromboembolismm was similar and low (0.50%-0.71% per month) 9 months after the 

indexx event. It may be argued that there were differences in baseline risk of recurrent 

venouss thromboembolism among the 3 treatment groups. However, in only 2 of the 18 

studies,, patients were not fully randomized between the distinctive treatment 

strategies.. Therefore, it is unlikely that the baseline risks of recurrences of the 3 groups 
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differedd much. Taken together, our analyses indicate that the duration of exposure to 

VKAA does not seem to influence the long-term incidence of recurrent venous 

thromboembolism.. If true, this will profoundly affect our decision making about the 

optimall duration of treatment with VKA in individual patients with venous 

thromboembolism. . 

Too what extent do our results give a reliable estimate of the incidence of 

recurrentt venous thromboembolism over time? In the present systematic review, only 

randomizedd clinical trials and cohort studies that met predefined quality criteria were 

includedd to ensure a valid estimate of the risk of recurrent venous thromboembolic 

events128.. In addition, more than 70% of the diagnoses of thromboembolic events had 

too be objectively confirmed; a maximum of 10% of the patients was allowed to be lost to 

follow-up;; and no antiplatelet or other anticoagulant drug was administered to the 

patientss included. Finally, a sufficient number of patients was studied to allow for 

reasonablyy narrow confidence intervals. Hence, we believe that the incidences obtained 

aree reliable estimates for the risk of recurrent thromboembolic events after 

discontinuationn of treatment with VKA. 

Inn 12 of the 18 included studies, only patients presenting with deep vein 

thrombosiss were included. It can be argued that the risk of developing recurrent venous 

thromboembolismm is dependent on the type of initial thromboembolic event (pulmonary 

embolismm or deep-vein thrombosis). However, it has been shown in a large systematic 

review1299 that the overall risk of a recurrent thromboembolic event in patients 

presentingg with pulmonary embolism does not materially differ from patients presenting 

withh deep-vein thrombosis. Therefore, it is not likely that another distribution of the 2 

typess of initial thromboembolic events will result in other incidence rates. 

Onee limitation of our analyses, in particular for decision making in individual 

patients,, should be addressed. We were not able to distinguish between different 

subgroupss of patients (e.g., those with thrombophilia vs. idiopathic venous thrombosis 

vs.. secondary venous thrombosis). Although these groups likely have different risks for 

recurrentt thrombosis, the diminishing risk over time will remain. When relative risks for 

recurrencee for subgroups of patients become available, the risk for recurrence over time 

perr subgroup can be calculated. However, this will require more prospectively collected 

informationn in future studies. 

Thee decreasing risk over time for developing recurrent venous thromboembolism 

mayy have important clinical implications. As the risk of VKA-related bleeding does not 

decreasee over time after 3 months from start of therapy130 (but in fact increases with 

age),, the benefit of prolonged treatment with VKA diminishes over time. Therefore, 

continuationn of treatment beyond 3 months should be considered with caution. In the 

debatee about the optimal duration of treatment with VKA, it is also reasonable to take 

intoo account the burden of treatment experienced by the patient. It is questionable 
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whetherr the reduced risk of a recurrent venous thromboembol ic event when VKA 

t reatmentt is prolonged can counterbalance the burden of t reatment and the increased 

riskk of bleeding, with its often far-reaching consequences for the quality of life for the 

patient. . 

WeWe thank Per Lindmarker, for providing additional information. 

ThisThis study is part of a project sponsored by the Netherlands Heart Foundation. 
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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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Tabl ee I. Estimates used in the decision model 

Variabl e e Ratess (95 % CI) referenc e 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 
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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 
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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 

Tabl ee 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 
Prothrombi nn mutatio n 
Facto rr  V Leide n 
Elevate dd Facto r VIII (>200IU/dl ) 
Pro?? C/S or AT deficienc y 
APLA A 
Hyperbornocystetnemi a a 
Cancer * * 
Recurrerrt-OV T T 
Secondar yy DVT 
multiplymultiply  RR's for  total  score:. 

RRR for maio r bleedin g 
Everyy 10 yr. abov e 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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ABSTRACT T 

AA great number of clinically significant drug interactions with vitamin K antagonists 

(VKA)) have been reported and are frequently mentioned as an explanation for under and 

overcoagulation.. In this study, we evaluated the influence of frequently administered co-

medicationss on the stability of the International Normalized Ratio (INR). The study 

populationn consisted of patients who participated in two randomised clinical trials on 

thee initial treatment of venous thromboembolism. The time spent in the different INR 

rangess between patients who continuously used one of the sixteen most frequently 

administeredd co-medications and two control groups was compared. After correction for 

multiplee testing, no differences in time spent in the INR ranges were observed for any of 

thee studied co-medications. Adjustments for baseline variables did not change these 

findings.. Therefore, although many pharmacological agents may interact with VKA's in 

clinicall practice, these drug interactions seem not to influence the stability of 

anticoagulationn to a significant extent can be safely prescribed in patients using VKA. 
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INTRODUCTION N 

Vitaminn K antagonists (VKA) are used for the treatment and prevention of 

thromboembolicc complications in patients with atrial fibrillation, venous 

thromboembolicc disease and mechanical heart valves1. There is a wide variability in the 

requiredd dose of VKA among patients2. In addition, since even the required dose in an 

individuall patient may vary over time, frequent INR monitoring is mandatory to ensure a 

stablee level of anticoagulation and dose-adjustments have to be made to maintain the 

INRR in the therapeutic range. The risk of side effects in terms of thromboembolic and 

hemorrhagicc complications are clearly related to the intensity of anticoagulation3. 

Consequently,, a level of anticoagulation can be found at which both complications are 

lowest,, defined as the optimal therapeutic range. The incidence of the thromboembolic 

andd bleeding events rises sharply below or above this therapeutic range, respectively4. 

Previouss studies have identified several disturbing factors responsible for over- or 

undercoagulation.. Underlying clinical disorders, for example congestive heart failure, 

malignancyy and intercurrrent infection, and genetic polymorphisms in the cytochrome 

P4500 CYP 2C9 responsible for the metabolisation of VKA are important causes of 

overanticoagulation56.. In addition, a considerable number of relevant drug interactions 

withh VKA have been described78. Antimicrobial agents are only one example of the 

extensivee list of co-medications which interfere with VKA910. However, the absence of an 

interactionn with VKA, which may provide useful information for daily clinical practice, is 

rarelyy reported. 

Thee aim of our study was to evaluate the influence of continuous use of frequently 

prescribedd co-medication on the stability of the INR and to detect potentially disturbing 

clinicallyy significant interactions. We used the datasets of two large clinical trials of 

patientss with venous thromboembolic disease and determined the percentage time 

spentt in the target range during the concomitant use of various co-medications. 

METHODS S 

Patients Patients 
Dataa for the present analysis were derived from the Tasman-study and Columbus-study 

database1112.. Briefly, in these two multicenter randomised clinical trials, the efficacy 

andd safety of two treatment strategies for the initial treatment of patients with 

symptomaticc venous thromboembolism was evaluated, i.e. intravenous unfractionated 

heparinn versus low molecular weight heparin. The presence of venous 

thromboembolismm was confirmed by objective methods. In both studies, patients were 

randomlyy assigned to receive study drug for at least 5 days. Treatment with VKA was 

startedd either directly or the next day and continued for al least three months with a 
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targett INR range between 2.0 and 3.0. An INR measurement was obtained every two or 

threee weeks or more often, if indicated. For the present study, we used the data from 

thee period between cessation of initial heparin treatment and the last INR 

measurementt before discontinuation. 

EstimationEstimation  of  time  spent  in  the INR ranges 
Thee percentage time spent in the different INR ranges (INR < 2.0; INR 2.0-3.0; INR > 

3.0)) was calculated using linear interpolation1314. This method assumes that an INR 

valuee between two consecutive measurements varies linearly from the value of the first 

too the value of the second measurement. If the number of days between two 

consecutivee measurements exceeded 28, the INR was considered not predictable for 

thee middle part of this interval. For example, if the time between two consecutive INR 

measurementss was 32 days, the INR level in the 4 days in the middle was considered to 

bee missing. If the number of days spent in the target INR range could not be calculated 

att all, patients were excluded from analysis. 

Co-medication Co-medication 
Completee data on co-medication use was available for the entire cohort of patients 

participatingg in the two trials. Co-medication, which were administered continuously 

duringg the study period and which were prescribed in at least 30 patients were 

evaluated.. Topical co-medication and co-medication with a potential irregular or 

infrequentt use were excluded from the analysis. 

DefinitionDefinition  of  controls 
Controlss were defined in two ways. First, for each co-medication that was evaluated a 

separatee control group was composed. For example, when medication A was evaluated, 

alll other patients who did not use medication A served as controls. Consequently, the 

numberr of controls varied with this method for each medication evaluated. For the 

secondd method, the patient group without any co-medication served as the control 

group.. The number of controls in this case did not vary. All studied co-medications were 

comparedd with both the control methods. 

StatisticalStatistical  analysis 
Differencess in the percentage time spent in three INR ranges (INR < 2.0; INR 2.0-3.0; 

INRR > 3.0) between two groups were evaluated using the Hotelling-Lawley Trace test. 

Sincee a large number of independent tests were performed, the family-wise error rate 

(FWER)) defined as the probability that there is a single type 1 error in the entire set of 

hypothesess tested, will increase substantially. Therefore, the False Discovery Rate 

proceduree was used to control the FWER15. A p-value of less than 0.05 was considered 
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too indicate statistical significance. The SAS package (release 8.02 SAS Institute Inc, 

Cary,, NC, USA) was used for the statistical analysis. 

RESULTS S 

AA total of 1421 patients were included in the two randomised treatment studies. Of 

thesee patients, 92 (6%) patients were not included in the present analysis because it 

wass impossible to calculate the percentage time spent in target range, due to missing 

orr incomplete INR results (71 patients), missing cessation dates of heparin treatment (1 

patient)) or VKA treatment (21 patients). Baseline characteristics of the remaining 1329 

patientss are summarized in Table I. The mean observation period after cessation of 

heparinn treatment was 71 days (SD 20 days). The mean number of INR measurements 

perr patient was 11. 

Tabl ee I. Baseline and clinical characteristics of the 1329 study patients 

Characteristicc n (%) 

Meann age (SD) 61 (17) 

Malee sex 763 (57) 

Presencee of pulmonary embolism 245 (18) 

Presencee of cancer 272 (21) 

Typee of vitamin K antagonists 

warfarinn 922 (69) 

acenocoumaroll 285 (21) 

unknownn 122 (9) 

SDD = standard deviation; VTE = venous thromboembolism 

Inn Tables II and III the mean percentage time spent in INR zones are given for 

patientss with the sixteen different co-medications. The time spent in the therapeutic 

rangee varied for these patients between 50.1% and 59.4%. After adjustment for 

multiplee testing, no differences in the mean percentage time spent in the INR zones 

weree found between the groups with a specific co-medication and the controls for any of 

thee sixteen drugs. Correction for the baseline variables, age, gender, presence of cancer, 

typee of venous thromboembolism (PE or DVT) and type of vitamin K antagonists did not 

alterr these findings. 
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T a b l ee II. Time spent in INR-zones for sixteen co-medications compared to the control group 

(definedd as the group of patients who did not use that type of the medications) 

Co-medication n INRR (% time in range) p-valuee p-vatue (adjusted) 

<2.0 0 2.0-3.00 > 3.0 

atenololl (n=32) 
controlss (n=1295) 

captoprill (n=34) 
controlss (n=1295) 

digoxinn (n=70) 
controlss (n=1259) 

diltiazemm (n=45) 
controlss (n=1284) 

enalaprill (n=72) 
controlss (n=1257) 

ferrouss fumarate (n=38) 
controlss (n=1291) 

furosemidee (n=103) 
controlss (n=1226) 

hydrochlorothiazidee (n=47) 
controlss (n=1282) 

isosorbidee nitrate (n=40) 
controlss (n=1289) 

lorazepamm (rt=60) 
controlss (n=1269) 

nifedipinee (n=41) 
controlss (n=1288) 

omeprazoll (n=46) 
controlss (n=1283) 

oxazepamm (n=46) 
controlss (n=1283) 

prednisonee (n=42) 
controlss (n=1287) 

ranitidinee (n=107) 
controlss (n=1222) 

thyroxinn (n=42) 
controlss (n=1287) 

21.1 1 
22.5 5 

29.7 7 
22.3 3 

27.0 0 
22.3 3 

21.4 4 
22.5 5 

20.8 8 
22.6 6 

20.7 7 
22.6 6 

24.6 6 
22.3 3 

25.3 3 
22.4 4 

26.3 3 
22.4 4 

21.2 2 
22.6 6 

22.7 7 
22.5 5 

20.3 3 
22.6 6 

23.7 7 
22.5 5 

17.5 5 
22.7 7 

28.2 2 
22.0 0 

20.1 1 
22.6 6 

57.3 3 
55.3 3 

53.6 6 
55.4 4 

50.4 4 
55.7 7 

55.7 7 
55.4 4 

54.8 8 
55.4 4 

51.3 3 
55.5 5 

52.2 2 
55.7 7 

57.4 4 
55.3 3 

50.1 1 
55.6 6 

53.5 5 
55.5 5 

52.0 0 
55.5 5 

57.6 6 
55.3 3 

58.7 7 
55.3 3 

56.5 5 
55.4 4 

54.1 1 
55.5 5 

59.4 4 
55.3 3 

21.6 6 
22.1 1 

16.7 7 
22.2 2 

22.6 6 
22.1 1 

23.0 0 
22.1 1 

24.4 4 
22.0 0 

27.9 9 
21.9 9 

23.2 2 
22.0 0 

17.2 2 
22.3 3 

23.6 6 
22.1 1 

25.3 3 
21.9 9 

25.4 4 
22.0 0 

22.1 1 
22.1 1 

17.6 6 
22.3 3 

26.0 0 
22.0 0 

17.7 7 
22.5 5 

20.5 5 
22.2 2 

0.89755 0.9341 

0.13899 0.7054 

0.13322 0.7054 

0.93411 0.9341 

0.66077 0.8132 

0.29066 0.7054 

0.36488 0.7054 

0.33411 0.7054 

0.34322 0.7054 

0.55700 0.7851 

0.58888 0.7851 

0.75788 0.8661 

0.39688 0.7054 

0.29588 0.7054 

0.01477 0.2352 

0.55300 0.7851 
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Tab l ee III. Time spent in INR-zones for sixteen co-medications compared to the control group 
withoutt anv co-medication. 

Co-medicatio n n INRR (% tim e in range ) p-valu ee p-valu e (adjusted ) 

<2.0 0 2.0-3.0 0 >3.0 0 

atenolptatenolpt (n=32) 
controlss (n=238) 

captopfill (n=34) 
controlss (n=238) 

digoxinn (n=70) 
controlss (n=238) 

diltiazemm (n=45) 
controlss (n=238) 

enalapri!! (n=72) 
controlss (n=238) 

ferrouss fumarate (n=38) 
controlss (n=238) 

furosemidee (n=103) 
controlss (n=238) 

hydrochlorothiazidee (n=47) 
controlss (n=238) 

isosorbidee nitrate (n=40) 
controlss (n=238) 

lorazepamm (n=60) 
controlss (n=238) 

nifedipinee (n=41) 
controlss (n=238) 

omeprazoll (n=46) 
controlss (n=238) 

oxazepamm (n=46) 
controlss (n=238) 

prednisonee <n=42) 
controlss (n=238) 

ranitidinee (n=107) 
controlss (n=238) 

thyroxinee (n=42) 
controlss (n=238) 

21.1 1 
21.2 2 

29.7 7 
21.2 2 

27.0 0 
21.2 2 

21.4 4 
21.2 2 

20.8 8 
21.2 2 

20.7 7 
21.2 2 

24.6 6 
21.2 2 

25.3 3 
21.2 2 

26.3 3 
21.2 2 

21.2 2 
21.2 2 

22.7 7 
21.2 2 

20.3 3 
21.2 2 

23.7 7 

21.2 2 

17.5 5 
21.2 2 

28.2 2 
21.2 2 

20.1 1 
21.2 2 

57.3 3 
55.8 8 

53.7 7 
55.8 8 

50.4 4 
55.8 8 

55.7 7 
55.8 8 

54.8 8 
55.8 8 

51.3 3 
55.8 8 

52.2 2 
55.8 8 

57.4 4 
55.8 8 

50.1 1 
55.8 8 

53.5 5 
55.8 8 

52.0 0 
55.8 8 

57.6 6 
55.8 8 

58.7 7 

55.8 8 

56.5 5 
55.8 8 

54.1 1 
55.8 8 

59.4 4 
55.8 8 

21.6 6 
23.0 0 

16.7 7 
23.0 0 

22.6 6 
23.0 0 

23.0 0 
23.0 0 

24.4 4 
23.0 0 

27.9 9 
23.0 0 

23.2 2 
23.0 0 

17.2 2 
23.0 0 

23.6 6 
23.0 0 

25.3 3 
23.0 0 

25.4 4 
23.0 0 

22.1 1 
23.0 0 

17.6 6 
23.0 0 

26.0 0 
23.0 0 

17.7 7 
23.0 0 

20.5 5 
23.0 0 

0.9447 7 

0.0815 5 

0.1045 5 

0.9987 7 

0.9239 9 

0.5047 7 

0.3079 9 

0.2769 9 

0.2609 9 

0.7837 7 

0.6513 3 

0.8973 3 

0.3836 6 

0.5102 2 

0.0160 0 

0.6810 0 

0.9987 7 

0.5573 3 

0.5573 3 

0.9987 7 

0.9987 7 

0.9070 0 

0.8211 1 

0.8211 1 

0.8211 1 

0.9987 7 

0.9905 5 

0.9987 7 

0.8768 8 

0.9070 0 

0.2560 0 

0.9905 5 
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Sixteenn different co-medications met our predefined criteria and were analysed. The 

numberr of patients using any of these drugs varied between 32 (atenolol) and 107 

(ranitidine).. The time spent in the therapeutic range (INR 2.0-3.0) for the controls not 

usingg any of the analysed agents varied between 55.3% and 55.7%. The group of 

controll patients without any co-medication consisted of 238 patients. The time spent in 

thee therapeutic range was 55.8% in this group. 

DISCUSSION N 

Wee studied the influence of co-medication on the stability of the INR in patients using 

VKA.. For this purpose, sixteen continuously prescribed medications were analysed 

comparingg the percentage time spent in the INR zones between patients who used one 

off these frequently administered drugs with two different control groups. The findings 

demonstratee that none of these medications induce relevant changes in the INR 

distribution. . 

Thee absence of a clean drug interaction between VKA and these regularly 

prescribedd co-medications reveals important information for clinical practice. First, it 

appearss that these medications can be safely administered to VKA users and second, 

theree will be no necessity for increased monitoring of the INR. 

Severall methodological aspects of our study design and findings require comment. 

Informationn for this analysis was obtained from two multicenter randomised trials 

comparingg two treatment strategies for the initial treatment of venous 

thromboembolism,, i.e. intravenous unfractionated heparin versus low molecular weight 

heparin.. The follow-up period in the trials was limited to 12 weeks after the start of the 

initiall treatment. Ideally, a prolonged observation period would be more sound to detect 

changess in INR levels. Recruitment for these trials was based on rigid criteria. This could 

havee led to a selective group of patients, which are less susceptible to changes in INR 

levels. . 

Eachh test has a chance of a false positive result when there is no real difference. 

Consideringg a p-value of less than 0.05 as statistical significant, the probability of a 

falsee positive test is 5% in a single independent test. Since this chance increases with 

multiplee testing, we used the false discovery rate (FDR)-controlling procedure. In our 

analysis,, one out of the sixteen frequently used co-medications (ranitidine) revealed a 

significantt INR change. However, after adjustment for multiple testing with the FDR-

method,, no differences were observed for any of the sixteen co-medications. 

Theree remain several conditions in which careful monitoring of the INR is 

mandatory.. In the present analysis we only studied patients with chronic use of co-

medication.. It is well known that the initiation or discontinuation of co-medication may 

bee associated with clinically relevant INR changes16. Mechanisms responsible for this 
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interactionn are diverse. Several medications alter the binding of VKA with albumin. By 

displacingg VKA f rom its binding site, a rise in concentration of free VKA may result in an 

increasedd anticoagulant effect. Metabolic interactions, particularly the inhibit ion or 

inductionn of the cytochrome P-450 system results in disturbances of circulating VKA 

levels7.. In addit ion, impaired liver funct ion, congestive heart fai lure, diarrhea and fever 

alsoo turned out to be independent risk factors for overcoagulation17 . In these conditions, 

thee use of phenprocoumon instead of acenocoumarol should be considered, since a 

long-actingg VKA may results in more stable ant icoagulat ion1 8 . 

Thee number of drug interactions between VKA and other medications is extensive. 

However,, it is diff icult to predict which interaction is clinically relevant. Serious 

interactionss have been reported with the the use of r i fampicin, amoxicil l in in 

combinat ionn with clavulanic acid and miconazole9 1 0 . Acetominophen is one of the most 

frequentlyy used medications. The absence of antiplatelet properties makes it an 

interestingg analgesic drug for patients using VKA, instead of NSAIDs. Hylek et al. 

identifiedd in a case-control study that intake of acetominophen of more than 5g /week 

wass associated with a 7 to 10-fold increased risk for having an INR greater than 6.0, but 

thiss observation was likely to be confounded by the illness necessitating the 

acetominophenn use19. Other studies did not conf irm this observation20 :21 . 

Inn conclusion, this study shows that the continuous use of frequently prescribed co-

medicationss was not associated with a change in INR values. Thus it appears that these 

co-medicationss can be safely prescribed in VKA-users without increased monitor ing of 

thee INR values. 
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ABSTRACT T 

Wee investigated whether the anticoagulant effect of idraparinux, a selective long-acting 

factorr Xa inhibitor, could be neutralized by recombinant factor Vila (rFVIIa) in healthy 

malee volunteers. We performed a randomized, placebo-controlled trial, comparing 

idraparinuxx {7.5 mg s.c.) followed at 3 h by rFVIIa (90 ug/kg i.v.)(n=6), or idraparinux 

(7.55 mg s.c) followed at 171 h by rFVIIa (90 ug/kg i.v.)(n=6). rFVIIa, given 3 h after 

idraparinux,, significantly reversed the increased thrombin generation time (TGT), the 

increasedd aPTT and PT, and the reduced Fl+2 levels, although no clear effect of rFVIIa 

onn the endogenous thrombin potential (ETP) was observed. One week after idraparinux, 

injectionn of rFVIIa resulted in a similar relative reduction of the remaining increased 

aPTT,, PT, and TGT, with correction to pre-idraparinux values. A clear increase of Fl+2 

wass observed and a small increase in ETP. We conclude that rFVIIa has significant 

effectss on the idraparinux inhibited thrombin generation and clotting parameters. These 

resultss suggest that rFVIIa may be useful in case of serious bleeding complications in 

idraparinuxx treated patients. 
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INTRODUCTION N 

Recently,, a novel class of anticoagulants has been introduced in the prophylaxis and 

treatmentt of venous thromboembolism. This class of pentasaccharides causes a 

selectivee factor Xa inhibitory effect by binding to antithrombin, resulting in a 300-fold 

increasee of antithrombin activity against factor Xa, with no direct inhibition of thrombin. 

Thee first developed synthetic pentasaccharide, fondaparinux, has a half-life of 

approximatelyy 17 h after subcutaneous (s.c.) injection and was shown to have a superior 

efficacyy to the current standard in the prevention of venous thromboembolism after 

orthopaedicc surgery13. Through chemical modification, a new synthetic pentasaccharide 

hass been developed; idraparinux (San0rg34006). This compound has a similar factor Xa 

inhibitoryy effect as fondaparinux, but exhibits a prolonged half-life, resulting stable 

therapeuticc anticoagulant levels without the need for monitoring when administered 

oncee weekly. Currently, idraparinux is being compared against (low-molecular weight) 

heparinn and vitamin K antagonists (VKA) in various thromboembolic diseases. A recently 

performedd clinical trial, comparing several doses of idraparinux against standard VKA 

treatmentt in patients with symptomatic deep vein thrombosis, has been satisfactorily 

completed4.. Phase III trials with idraparinux in the treatment of venous and arterial 

thromboembolicc disorders and in patients with atrial fibrillation are planned. 

Althoughh stable and long-acting anticoagulation by idraparinux is an advantage in 

manyy clinical circumstances, there may be situations in which the anticoagulant effect 

needss to be counteracted, for instance when an acute indication for surgery occurs or in 

casee of serious bleeding complications. In a previous study, we investigated whether 

recombinantt factor Vila (rFVIIa) was able to overcome the anticoagulant effect of the 

pentasaccharidee fondaparinux in healthy volunteers5. In that study, we observed that a 

singlee bolus injection of rFVIIa was able to reverse the inhibited thrombin generation in 

healthyy volunteers treated with 10 mg fondaparinux. 

Inn the present study, we investigated whether rFVIIa was able to reverse the 

inhibitoryy effects of peak levels of idraparinux on thrombin generation and coagulation 

testss in healthy volunteers. The effect of rFVIIa was tested at peak plasma levels of 

idraparinuxx (3 h after administration), as well as at trough therapeutic plasma levels (7 

dayss after administration). A dose of 7.5 mg idraparinux was administered, which was 

3-foldd higher than the dose currently used in clinical trials. 
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MATERIALSS AND METHODS 

SubjectSubject  selection 
Healthyy male subjects (age 18 to 45 years), with a body mass index between 18 and 30 

kg/m 22 and a maximum weight of 100 kg, were eligible. Subjects with a personal or 

familyy history of thrombosis or bleeding disorders were excluded. All subjects gave 

writtenn informed consent. The study was approved by the Medical Ethics Committee of 

thee Academic Medical Center, Amsterdam, the Netherlands. The study protocol was 

conductedd in accordance with the International Conference on Harmonization of Good 

Clinicall Practice Guidelines6. All screened subjects were included in the study. 

StudyStudy  design 
Alll 12 subjects received 7.5 mg idraparinux s.c. in the abdomen. Subsequently, subjects 

weree randomized to one of two regimens: (a) rFVIIa 3 h after idraparinux and placebo 

1711 h after idraparinux (rFVIIa-placebo group)(n=6); or (b) placebo 3 h after idraparinux 

andd rFVIIa 171 h after idraparinux (placebo-rFVIIa group)(n=6). The study was double-

blindd for rFVIIa. Idraparinux (Organon/Sanofi-Synthelabo, Oss, The Netherlands/Paris, 

France)) was administered as a single dose of 7.5 mg s.c. in 0.5 ml. Recombinant factor 

Vilaa (Novo Seven®, Novo Nordisk, Copenhagen, Denmark) 90 ug/kg, or an equal 

volumee of placebo was administered as a single intravenous (i.v.) bolus injection. 

BloodBlood  sampling 
Bloodd samples were collected just before idraparinux administration (t=0) and 2, 3 (just 

beforee rFVIIa/placebo administration), 3.5, 4, 4.5, 5, 6, 7, 9, and 23 hours thereafter. On 

dayy 8, i.e. 171 h after idraparinux administration, sampling was performed before and 

afterr rFVIIa/placebo administration according to the previous time points. At each 

sampling,, the first 5 ml blood was discarded, after which 9 ml was collected in tubes 

containingg 1 ml citrate (final concentration 0.32%) and 5 ml was collected in K3 EDTA 

Vacutainerr tubes. Blood was centrifuged at 2200g for 20 minutes at 18 . Plasma was 

separated,, pooled and filled out in cryocups and frozen at -80 C until analysis was 

performed.. These procedures were completed within 1 h after blood sampling. 

Assays Assays 
Thee thrombin generation time (TGT) was measured spectrophotometrically using the 

fibrinn polymerization method. Thrombin generation was initiated by adding calcium and 

recombinantt tissue factor (2500 x diluted prothrombin time concentration) and results 

weree expressed as t V2 max (time to reach the midpoint of clear to maximal turbid 

density).. The endogenous thrombin potential (ETP) was performed as previously 

described7.. Briefly, thrombin potential was determined amidolytically at 37 C in 
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defibrinatedd plasma containing phospholipids, tissue factor, and calciumchloride. 

Resultss were expressed as a percentage of standard pooled plasma derived from 40 

healthyy male volunteers. Plasma concentration of prothrombin fragment 1+2 (Fi+2) was 

measuredd by a sandwich-type ELISA assay (Dade-Behring, Marburg, Germany). The 

activatedd partial thromboplastin time (aPTT) and prothrombin time (PT) were 

determinedd according to standard methods. Plasma levels of factor VII antigen were 

determinedd using the Asserachrom VII:Ag assay (Diagnostica Stago, Asnieres-sur-Seine, 

France).. Idraparinux plasma concentrations were measured by an amidolytic 

photometricc assay method based on the anti-Xa activity of the antithrombin-idraparinux 

complex.. Factor Xa and the chromogenic substrate S-2222 were added to the samples 

afterr which the amount of hydrolysed substrate was measured by a spectrophotometer. 

StatisticalStatistical  analysis 
Differencess between treatment groups were compared with an analysis of covariance 

(ANCOVA)) on the log-transformed area under the curve (AUC) divided by time span 

duringg the first 6 h after rFVIIa or placebo injection. Log-transformed baseline values 

weree used as covariates. Additionally, t-tests were performed to identify differences 

betweenn the groups per time point in the 6 h following rFVIIa injection. Paired t-tests 

weree used to detect differences between time points within a group. A p-value of <0.05 

wass considered statistically significant. Data in the figures are presented as mean 

valuess  standard deviation (SD) per group for each parameter. 

RESULTS S 

ThrombinThrombin  generation  and thrombin  activity 
Administrationn of idraparinux increased the thrombin generation time (TGT) from 

11 seconds to a maximum 3 sec at 2 h (p<0.001) (Figure I; placebo-rFVIIa 

group).. The TGT gradually decreased to 490+98 sec at 23 h. Injection of rFVIIa 3 h after 

idraparinuxx resulted in an immediate decrease of the TGT from 3 sec to 341^42 

secc 30 minutes after administration (p=0.001) (Figure I; rFVIla-placebo group). The TGT 

remainedd significantly lower up to 4 h after rFVIIa injection compared with the placebo-

rFVIIaa group. This marked reduction of the TGT by rFVIIa was reflected in a significantly 

lowerr AUC between time points 3 and 9 compared with the placebo group (-31%; 

p=0.005)) (Table I). 
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F i g u r ee I. Effect of recombinant factor Vila (rFVIIa) on thrombin generation time (TGT) (mean values . rFVIIa 

wass administered 3 h (rFVIIa-placebo group) or 171 h (placebo-rFVIIa group) after 7.5 mg idraparinux s.c. 

(administeredd at 0 hours). Significant differences between the two groups per time point (t-test, p<0.05) during the 

firstt 6 h after rFVIIa are marked with *. 
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F i g u r ee I I . Effect of recombinant factor Vila (rFVIIa) endogenous thrombin potential (ETP) (mean values . 

rFVIIaa was administered 3 h (rFVIIa-placebo group) or 171 h (placebo-rFVIIa group) after 7.5 mg idraparinux s.c. 

(administeredd at 0 hours). Significant differences between the two groups per time point (Mest. p<0.05) during the 

firstt 6 h after rFVIIa are marked with *. 
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Tablee I. 

TGT T 

ETP P 

Fl+2 2 

aPTT T 

PT T 

AUC3-9h h 

3 1 %% (14%-45%) 

0%% (0%-19%0 

15%% (6%-26%) 

9%% (5%-14%) 

23%% (18%-28%) 

P=0.005 5 

P=1.0 0 

P=0.005 5 

P=0.002 2 

P<0.001 1 

AUCl71-177h h 

45%% (37%-52%) 

1 1 %% (5%-17%) 

23%% (0%-56%) 

8%% (3%-14%) 

24%% (21%-28%) 

P<0.001 1 

P=0.002 2 

P=0.09 9 

P=0.007 7 

P<0.001 1 

Legendd to Table I. 

Effectt of rFVIIa versus placebo on coagulation parameters. Differences in the area under the curve (plus 95% 

confidencee intervals) in the 6 h following placebo versus rFVIIa injection administered 3 h (AUC3-9h) or 8 days (AUC171 

i77h)) after 7.5 mg idraparinux. TGT=thrombin generation time, ETP = endogenous thrombin potential, Fuz = 

prothrombinn fragments 1+2, aPTT - activated partial thrombin time, PT = prothrombin time. 

Onn day 8 (171 h after idraparinux), both groups had comparable TGT times of 

+3000 sec which were stilt higher than pre-idraparinux levels <p<0.001). Injection of 

rFVIIaa resulted in a comparable relative decrease of the TGT as observed during peak 

levelss of idraparinux, resulting in a TGT of 9 sec 30 minutes after injection 

(p=0.001).. The TGT remained significantly lower at least up to 6 h after rFVIIa injection 

comparedd with the rFVIIa-placebo group. The AUC reduction was 45% in the placebo-

rFVIIaa group compared with rFVIIa-placebo group (p<0.001). 

Thee endogenous thrombin potential (ETP) decreased from % at baseline 

too % at 2 h after idraparinux administration (p<0.001) (Figure II, placebo-rFVIIa 

group).. There was a slow and moderate increase of the ETP to 60+20% during the 

followingg 23 h. With lower baseline levels in the rFVIIa-placebo group, the ETP revealed 

aa similar proportional decrease after idraparinux injection, although the mean values at 

22 and 3 h were significantly lower than the placebo-rFVIIa group. The ETP showed a 

smalll increase after rFVIIa injection of 7% at 0.5 h after administration (p=0.04), but did 

nott exceed the ETP of the placebo-rFVIIa group. The AUC was similar in both groups 

(p=1.0)) (Table I). 

Thee ETP levels at day 8 after idraparinux were % for the rFVIIa-placebo 

groupp and % for the placebo-rFVIIa group. rFVIIa injection resulted in a similar 

moderatee ETP increase of 10%, with significantly higher ETP levels in the 6 h following 

rFVIIaa injection compared to the rFVIIa-placebo group. The AUC was 1 1 % higher in the 

placebo-rFVIIaa group compared to the rFVII-placebo group (p=0.002). 

Thee plasma levels of prothrombin fragment 1+2 (F1+2) slightly decreased after 

idraparinuxx administration from 4 nmol/L at baseline to a minimum of 
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0.52-0.111 nmol/L 7 h after administration (p=0.003) (Figure III, placebo-rFVIIa group). 

Injectionn of rFVIIa three hours after idraparinux prevented this Fi+2 decrease up to 6 h 

afterr injection, resulting in a significantly 15% higher AUC in comparison with the 

placebo-rFVIIa-groupp (p=0.005) (Table I). 

Thee injection of rFVIIa on day 8 after idraparinux resulted in a rapid and distinct 

Fi+22 increase from 4 nmol/L before rFVIIa injection to a maximum of 4 

nmol/LL 4 hours later (p=0.04). Levels at 30 minutes and 1 h were significantly higher in 

thee placebo-rFVIIa group versus the rFVIIa-placebo group, with a non-significant 23% 

higherr AUC in the 6 h post rFVIIa in the placebo-rFVIIa group (p=0.09). 

F1+2 2 

TT —— rFVIIa-placebo group 
—— placebo-rFVIIa group 

00 5 10 15 20 170 180 190 

Hour s s 

ii  = injection of rFVIIa or placebo 

F i g u r ee I I I . Effect of recombinant factor Vila (rFVIIa) on prothrombin fragment 1+2 (F1+2) (mean values . 

rFVIIaa was administered 3 h (rFVIIa-placebo group) or 171 hours (placebo-rFVIIa group) after 7.5 mg idraparinux s.c. 

(administeredd at 0 hours). Significant differences between the two groups per time point (t-test, p<0.05) during the 

firstt 6 h after rFVIIa are marked with *. 

ClottingClotting times 
Inn the placebo-rFVIIa group, idraparinux increased the aPTT from 8 sec to 

44 seconds 2 h post-idraparinux (p=0.001) (Figure IVa). During the following 23 h, 

thee aPTT slightly decreased to 42.5r4.2 seconds. Injection of rFVIIa resulted in a sharp 

decreasee of the aPTT to 8 sec which remained at this level and significantly 

lowerr than the placebo-rFVIIa group up to time point 9 h. The AUC analysis in the 6 h 

followingg rFVIIa revealed a significant 9% reduction of the aPTT compared to the 

placebo-rFVIIaa group (p=0.002) (Table I). 

AA persistently higher aPTT of 40.8-2.9 sec in the placebo-rFVIIa group was 

observedd at day 8 compared to the rFVIIa-placebo group (36.0r2.8 sec). A decrease to 

levelss slightly lower than the rFVIIa-placebo group occurred immediately after rFVIIa 
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injectionn which remained lower up to 3 h after injection (p=NS), resulting in a significant 
8%% lower AUC (p=0.007). 

Thee prothrombin time increased after idraparinux administration from 13.8+0.9 at 

baselinee to 6 sec at 2 h (p=0.01), and remained significantly higher compared 

too baseline levels up to 9 h after administration (Figure IVb; placebo-rFVIIa group). 

Immediatelyy after injection of rFVIIa, the prothrombin time decreased from 8 to 

77 sec (p=0.004), and remained significantly lower than the placebo-rFVIIa group 

att least up to 6 h following rFVIIa. This shortening of the PT resulted in a 23% AUC 

reductionn in the 6 h after rFVIIa injection of 23% (p<0.001) (Table I). 

Att 1 week, the prothrombin times were similar to baseline values. A decrease to 

44 sec was observed when rFVIIa was administered, which remained significantly 

lowerr compared to the placebo group up to 6 h post-rFVIIa injection. This was reflected 

inn a 24% AUC reduction (p<0.001). 

FactorFactor VII and idraparinux plasma levels 
Factorr VII antigen plasma levels increased from 75% at baseiine to a maximum of 

195%% 30 minutes post-rFVIIa injection and remained elevated up to time point 9 h (data 

nott shown). At 23 h, the plasma levels were comparable with baseline. 

Whenn rFVIIa was administered 1 week after idraparinux, the maximum factor VII 

plasmaa level was higher (224%) than the maximum level observed 3.5 h after 

idraparinuxx (195%), and remained similarly elevated up to 6 h after injection. Both 

groupss showed a comparable rFVIIa half-life of approximately 2.4 h. Injection of rFVIIa 

hadd no effect on the pharmacokinetic profile of idraparinux. Maximum plasma levels of 

idraparinuxx were reached at 3 h after administration (1.7 mg/L), with plasma levels at 1 

weekk (171 h) of 0.3 mg/L (data not shown). 
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F i g u r ee I V a a n d I V b . Effect of recombinant factor Vila (rFVIIa) on activated partial thromboplastin time (aPTT) 

andd prothrombin time (PT) (mean values . rFVIIa was administered 3 hours (rFVIIa-placebo group) or 171 h 

(placebo-rFVIIaa group) after 7.5 mg idraparinux s.c. (administered at 0 hours). Significant (t-test) differences (p<0.05) 

betweenn the two groups during the first 6 h after rFVIIa are marked with *. 
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DISCUSSION N 

Inn this study, we observed that rFVIIa significantly decreased the inhibitory effect of the 

longg acting pentasaccharide idraparinux on thrombin generation and clotting times in 

healthyy subjects. At both peak and trough plasma levels of idraparinux, rFVIIa produced 

aa consistent decrease of the thrombin generation time, aPTT, and PT. Additionally, 

rFVIIaa prevented the decrease of the in-vivo thrombin generation marker Fi+2 after 

idraparinuxx administration, and markedly increased Fi+2 levels during trough 

idraparinuxx levels. Only the ETP showed a moderate change by rFVIIa, at both peak and 

troughh idraparinux levels. At peak plasma concentrations of idraparinux, the TGT, aPTT, 

andd ETP did not return to baseline levels after rFVIIa injection, while at trough plasma 

idraparinuxx levels (at 1 week) they did. In order to correct coagulation to baseline levels 

duringg peak levels of 7.5 mg idraparinux, a higher dosage of rFVIIa may be required. 

However,, it should be stressed that the dose used in this study was 3-fold higher than 

thee idraparinux dose for clinical use in venous and arterial thrombotic diseases. In this 

study,, rFVIIa resulted in a significant correction of the idraparinux inhibited coagulation 

assays.. Therefore, a complete correction to baseline coagulation levels might be 

attainedd at steady state (trough) levels of 2.5 mg idraparinux, because these levels 

66 mg/L) are comparable to the concentration 1 week after a single 7.5 mg dose4. 

Whetherr these effects of rVlla on idraparinux, as indicated by these idraparinux-inhibited 

coagulationn assyas, indicate clinical efficacy, i.e. contain a clinically significant bleeding 

inn an idraparinux treated patient is unknown. However, rFVIIa has been shown to be a 

potentt prohemostatic agent in various situations with a seriously impaired coagulation 

systemm and during major perioperative blood loss8"12. These results are consistent with 

ourr previous observation in which rFVIIa was able to reverse the anticoagulant effect of 

thee pentasaccharide fondaparinux on thrombin generation and clotting assays5. 

Thee mechanism of action by which rFVIIa induces thrombin generation in subjects 

treatedd with the factor Xa inhibitor idraparinux is not one of a direct neutralization of 

idraparinux.. rFVIIa is a non-selective strong activator of the coagulation system and 

presumablyy acts by activating sufficient amounts of non-idraparinux-inhibited factor X to 

achievee thrombin generation. By this mechanism, rFVIIa has been shown to reverse the 

inhibitoryy effects of not only selective Xa inhibitors (idraparinux, fondaparinux), but also 

off other anticoagulants such as tissue-factor-factor Vila inhibitors (rNAPc2)13 , and 

vitaminn K antagonists14. It is therefore likely that the observed counteracting effects will 

bee larger when more tissue factor/factor Vila complexes can be generated such as in 

thee case of extra-vascular damage. We observed lower peak factor VII antigen (fVllag) 

levelss when rFVIIa was administered shortly after idraparinux compared with the peak 

levelss when rFVIIa was injected 1 week after idraparinux (195% versus 224%, 

respectively).. These increased peak levels remain during 2 h post-rFVIIa injection. A 
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directt binding of idraparinux to rFVIIa with increased plasma clearance of this complex 

iss not likely, as the plasma concentration of idraparinux awas not affected by the 

injectionn of rFVIIa. Furthermore, we observed no effect of idraparinux on the FVIlag 

assayy during in-vitro addition of idraparinux to control plasma (data not shown). 

Therefore,, this in-vivo phenomenon is more likely to be caused by an up regulation of 

FVIIaa binding proteins, which could rapidly neutralize infused rFVIIa. 

Ass fondaparinux does not increase tissue factor pathway inhibitor (TFPI) levels1516, 

itt is unlikely that idraparinux influenced TFPI. It is possible that increased antitrombin 

activityy is responsible for this effect, as antithrombin in combination with unfractionated 

heparinn or pentasaccharides is capable of binding to the fVIla-tissue-factor complex1719. 

Idraparinuxx administration increased both the aPTT and PT (Figure IVa and IVb). These 

increasess were small for the PT i.e. 1.7 sec, and moderate for the aPTT i.e. 9.1 sec. As 

withh the pentasaccharide fondaparinux, aPTT and PT changes do not accurately reflect 

thee anticoagulant effect of idraparinux, and can therefore not be used for individual 

patientt monitoring. The relatively small changes in these assays are not consistent with 

thee anti-Xa levels. 

Thee effect of rVlla on the ETP was only modest, showing marginal increases both 

att the peak and trough idraparinux levels. The intensitivity of the test for rVlla-increased 

thrombinn generation could be caused by dilution of the rVlla effect during the tong 

incubationn time of this test for thrombin potential measurement (20 min of plasma 

activation). . 

Inn this small, healthy volunteer study, no adverse events were observed and both 

thrombinn generation and clotting assays showed no overshoot of coagulation after 

rFVIIaa injection. However, the use of rFVIIa in patients treated with idraparinux requires 

caution.. Injection of rFVIIa results in the activation of the coagulation system through 

thee tissue-factor dependent extrinsic pathway. In the absence of tissue factor, peak 

concentrationss of rFVIIa are capable of directly activating factor X, and can overwhelm 

factorr Xa inhibitors as seen in this and other studies513. However, in patients treated for 

venouss or arterial thrombosis, the increased expression of tissue factor, either in 

atheroscleroticc arteries2021, intravascular thrombus, or disrupted veins, could lead to a 

muchh greater thrombin generating effect of injection of rFVIIa. The high affinity binding 

off tissue-factor with (r)FVIIa results in a complex with a much greater potential of factor 

XX activation, promoting local thrombus formation at these tissue factor expressing sites. 

Clearly,, in patients with acute coronary syndromes, the use of rFVIIa should be reserved 

too life-threatening cases, whereas, in case of severe bleeding, local interventions and 

administrationn of plasma are ineffective. 

Thiss study showed that rVlla has a distinct effect on thrombin generation and 

clottingg times in subjects treated with a single 7.5 mg subcutaneous injection of 
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idraparinux.. These results suggest that rFVIIa may be a suitable treatment in case of 

seriouss bleeding complicat ions in patients treated with idraparinux. 

RVRV is scientifically supported by a grant of the Netherlands Heart Foundation. 

ThisThis study was supported by N.V. Organon, Oss, The Netherlands. 
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Summary y 

SUMMARY Y 

Inn this thesis several aspects on the management of antithrombotic therapy in patients 

withh venous thromboembolic disease, atrial fibrillation and mechanical heart valves are 

discussed.. Chapter 1 constitutes a short introduction of the mechanisms of action of 

vitaminn K antagonists (VKA) and described some unresolved issues in the management 

off venous and arterial thromboembolism. 

Althoughh there are several studies on the efficacy and safety of anticoagulant 

treatmentt in patients with mechanical heart valves, the optimal anticoagulant strategy 

forr these conditions is still a matter of debate. On the basis of several studies, 

recommendationss for daily clinical practice can be made. In Chapter 2 we discussed the 

studiess and the different guidelines, which vary greatly among Europe and the United 

States.. Guidelines for the prevention of thromboembolic complications in patients with 

atriall fibrillation (AF) are more stringent. VKA with a target INR between 2.0 and 3.0 is 

moree effective in the prevention of stroke than aspirin, especially in the presence of risk 

factorss for thromboembolism (age above 65, previous thromboembolism, history of 

hypertensionn and diabetes, enlarged left atrial diameter and left ventricular 

dysfunction).. In the absence of clinical or echocardiographical riskfactors for 

thromboembolism,, patients may be safely treated with aspirin. 

Chapterr 3 describes the results of a meta-analysis of all studies with data on the 

incidencess of thromboembolic and bleeding complications in two different intensities of 

VKAA among patients with mechanical heart valves. The studies were classified into low 

intensityy VKA therapy (mean target INR of 3.0 or lower) or high intensity VKA therapy 

(meann target INR above 3.0). A Pubmed-search identified 35 eligible studies including in 

totall 23145 patients, that were studied for 108792 patient-years. For patients with an 

aorticc valve, high intensity results in a lower incidence of thromboembolic events 

(RR=0.73,, p<0.0001), however the incidence of bleeding was increased (RR=1.23, 

p<0.0001).. In the mitral valve group, the incidence rate for thromboembolism was 

lowerr in the high intensity group (RR=0.74, p<0.0001), without a significantly increased 

bleedingg incidence (RR=1.08, p=0.0524). The total number of thromboembolic and 

bleedingg events was decreased in the high intensity group as compared to low intensity 

VKAA therapy for both aortic and mitral valve prostheses (RR=0.94 (p=0.0067) and 0.84 

(p<0.0001)),, respectively. Thus this analysis shows that both patients with aortic and 

mitrall valves will benefit from a treatment strategy with a target INR higher than 3.0. 

Inn Chapter 4 we describe the perioperative anticoagulant strategies in patients 

withh mechanical heart valves who underwent non-cardiac surgical interventions and 

evaluatedd the incidence of thromboembolic and bleeding complications according to 

thee different strategies. 
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AA total of 567 patients underwent heart valve replacement between 1997 and 1999. Of 

these,, 124 patients underwent 171 non-cardiac surgical procedures. The main findings 

aree that: (1) UFH is the most frequently used anticoagulant in the perioperative period, 

(2)) there is an increased risk for bleeding when the UFH is started within 6 hours after 

surgeryy and (3) the risk for thromboembolism in the perioperative period appears to be 

low. . 

Chapterr 5 describes the results of a randomized study in which we assessed the 

efficacyy and safety of temporary institution of low molecular weight heparin (LMWH) in 

patientss with atrial fibrillation who had to undergo non-cardiac surgery. Patients were 

assignedd to the interruption strategy (stop VKA 3 days pre-operatively and resumed the 

VKAA 3 days after surgery) or to the LMWH-strategy (therapeutic dose of LMWH during 

thee entire period of interruption). Three patients were randomised to the LMWH strategy 

andd 9 patients to the interruption strategy. One transient ischemic attack occurred in 

thee interruption group. The 3 patients in the LMWH group all experienced a bleeding 

complication.. These preliminary data show a high incidence of bleeding complications if 

LMWHH is given in therapeutic dosage to narrow the window of interruption of 

anticoagulantt treatment in patients with AF who undergo surgery. 

Chapterr 6 gives insight in the risk of perioperative thromboembolism and bleeding 

inn patients with AF who undergo a surgical procedure. We evaluated the incidence of a 

postoperativee thromboembolic or bleeding event occurring within 28 days after the 

surgicall intervention. Ninety-four patients underwent 121 non-cardiac operations during 

aa mean follow up period of 29 months. No thromboembolic event occurred in the first 

monthh after surgery, as compared to 11 events in the remaining time period 

(0.4%/month).. There is a 3.6-fold increased risk for all bleeding complications within 1 

monthh after surgery as compared to the control period (95% CI 1.05-12.0). However, the 

absolutee incidences of bleeding complications are low. The low incidence of 

thromboembolicc events implicates that a short interruption of the anticoagulation 

duringg surgery is safe. Special care for the prevention of bleeding complications is 

needed. . 

Inn Chapter 7 we described the risk of recurrent venous thromboembolism after 

treatmentt with vitamin K antagonist in relation to the time since the index event. A 

meta-analysiss of was performed of randomized clinical trials and cohort studies in which 

patientss with venous thromboembolism were treated with VKA. A computerized search 

identifiedd a total of 135 potentially eligible studies. Of these, 18 studies could be 

included.. The results of this study shows that there is a diminishing risk of recurrent 

venouss thromboembolism over time and a stabilisation after 9 months independent of 

thee duration of treatment with VKA. This decreasing risk may have important clinical 

implications.. For instance that continuation of treatment beyond 3 months should be 

consideredd with caution. 
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Thee aim of Chapter 8 was to optimise the anticoagulant treatment strategy with 

VKAA for the individual patient with deep vein thrombosis. Based on an extensive 

literaturee study, we constructed a mathematical model which balances the risk of 

recurrentt venous thromboembolism against the risk of major hemorrhagic 

complications.. With the use of several parameters, the risk for a recurrent VTE and a 

bleedingg episode can be calculated for the individual patient. The optimal duration of 

anticoagulantt therapy can be defined as the time point at which the benefit of 

treatmentt (i.e. prevention of VTE) is counterbalanced by its risk (i.e. bleeding). The 

modell shows that the optimal treatment duration varies greatly from patient to patient 

accordingg to the patient's unique bleeding and recurrence risk. 

Inn Chapter 9 we evaluated the influence of frequently administered co-medications 

onn the stability of the International Normalized Ratio (INR). The study population 

consistedd of patients who participated in two randomised clinical trials on the initial 

treatmentt of venous thromboembolism. We compared the time spent in the different 

INRR ranges between patients who continuously used frequently administered co-

medicationss and two control groups. No differences in time spent in the INR ranges 

weree observed for any of the studied co-medications. Therefore, these drug interactions 

seemm not to influence the stability of anticoagulation to a significant extent and can be 

safelyy prescribed in patients using VKA. 

Inn Chapter 10 we investigated whether the anticoagulant effect of idraparinux, a 

selectivee long-acting factor Xa inhibitor, could be neutralized by recombinant factor Vila 

(rFVIIa)) in 12 healthy male volunteers. A complete normalisation during low plasma 

levelss of idraparinux, i.e. 1 week after administration and a partial normalization at high 

levelss of idraparinux, i.e. 3 hours after administration. The effect of rFVIIa was 

proportionallyy identical during high and low plasma levels of idraparinux and lasted 2 to 

66 hours. These results suggest that rFVIIa may be useful in case of serious bleeding 

complicationss in idraparinux treated patients. 
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Ditt proefschrift beschrijft diverse aspecten van de antitrombotische behandeling met 

vitaminee K antagonisten (VKA) bij patiënten met boezemfibrilleren (BF), 

kunsthartkleppenn en veneuze tromboembolie. In Hoofdstuk 1 geven we een korte 

inleidingg over het werkingsmechanisme van VKA en schetsen we 3 verschillende tot 

dusverr niet opgeloste en frequent voorkomende problemen bij deze antitrombotische 

therapie,, n.l. de optimale intensiteit van behandeling met VKA bij patiënten met 

kunsthartkleppen,, de optimale behandelduur met VKA bij een diep veneuze trombose 

enn tenslotte de mogelijkheden van overbrugging met alternatieve antistollingsmedicatie 

tijdenss onderbreking van VKA rondom chirurgische ingrepen. In dit proefschrift gaan we 

uitgebreiderr in op deze onderwerpen. 

Hoofdstukk 2 is een overzichtsartikel waar we nader ingaan op de behandeling met 

antstollingsmedicatiee bij patiënten met kunsthartkleppen en boezemfibrilleren. Er blijkt 

eenn aanzienlijk verschil te bestaan tussen de Europese en Amerikaanse richtlijnen 

m.b.t.. de optimale antitrombotische behandeling bij patiënten met een kunsthartklep. 

Ditt is merkwaardig, omdat deze richtlijnen gebaseerd zijn op dezelfde studies. De 

behandeladviezenn bij boezemfibrilleren zijn wel helder. Deze groep patiënten met heeft 

eenn verhoogde kans op trombo-embolische processen. Bij een leeftijd boven de 65 jaar, 

hypertensie,, hartfalen en een eerdere tromboembolie neemt de kans op deze 

complicatiee nog meer toe. Ook een vergroot linkeratrium en linkerkamerdysfunctie doet 

dee kans op embolisatie toenemen. Indien bij een patiënt met boezemfibrilleren een van 

dezee genoemde risicofactoren aanwezig is, dan zijn VKA (met een streef-INR tussen 2.0 

enn 3.0) de eerste keus van behandeling. Bij patiënt jonger dan 65 jaar met laag risico 

biedtt aspirine voldoende bescherming. 

Vervolgenss beschrijven we in een meta-analyse (Hoofdstuk 3) de incidentjes van 

tromboembolieënn en bloedingen bij patiënten met kunsthartkleppen tijdens 

behandelingg met VKA. De studies werden onderverdeeld in lage intensiteit van de VKA-

therapiee (streef-INR onder de 3.0) of een hoge intensiteit van de VKA-therapie (streef-

INRR boven de 3.0). Tevens maakten we onderscheid tussen aortakleppen en 

mitraliskleppen.. Vijfendertig studies waren bruikbaar voor de analyse. In deze studies 

werdenn 23.145 patiënten gedurende 108.792 patiëntenjaren gevolgd. Hoge intensiteit 

VKAA resulteert in een lagere incidentje van tromboembolieën, met slechts een geringe 

toenamee van het aantal bloedingscomplicaties. Ook het totaal aantal complicaties 

(tromboembolieënn en bloedingen samen) is het laagst bij hoge intensiteit VKA-therapie. 

Ditt geldt zowel voor de aortakleppen als voor de mitraliskleppen. 

Hoofdstukk 4 beschrijft de uitkomsten van diverse antistollingsstrategieën tijdens 

niet-cardialee chirurgische ingrepen bij patiënten met een kunsthartklep. In een cohort 

vann 567 patiënten die na de kunstklepimplantatie gemiddeld 3 jaar zijn gevolgd, 
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hebbenn 124 patiënten 171 chirurgische interventies ondergaan. De belangrijkste 

bevindingenn zijn: (1) in de perioperatieve periode is de tijdelijke toediening van 

ongefractioneerdee heparine (UFH) het meest gevoerde antistollingsbeleid (2) er is een 

verhoogdee kans op bloedingen indien de UFH binnen 6 uur na de operatie wordt herstart 

(3)) het tromboembolierisico in de perioperatieve periode blijkt laag te zijn. 

Dee resultaten van de PIANO-studie worden weergegeven in Hoofdstuk 5. Deze 

studiee evalueert de effectiviteit en veiligheid van laag moleculairgewicht heparine 

(LMWH)) bij patiënten met boezemfibrilleren die een niet-cardiale operatie ondergaan. 

Dee patiënten werden gerandomiseerd in twee groepen; bij één groep werd de 

antistollingg rondom de operatie geheel onderbroken en bij de andere groep werd tijdens 

dezee onderbreking therapeutische dosering LMWH toegediend. Er traden te veel 

bloedingenn op in de groep die was behandeld met LMWH, en derhalve moest de studie 

vroegtijdigg worden beëindigd. 

Inn Hoofdstuk 6 hebben we de incidentie van trombo-embolieën en bloedingen in 

dee post-operatieve periode bij patiënten met BF onderzocht. De incidentjes van deze 

complicatiess in de eerste maand na de operatie werden onderzocht en vergeleken met 

dee incidentjes in de resterende periode. Vierennegentig patiënten ondergingen 121 

operatiess gedurende een gemiddelde observatieduur van 29 maanden. Er traden geen 

tromboembolischee complicaties op in de eerste maand na de operatie. De kans op een 

bloedingg was in de postoperatieve periode 3.6 maal verhoogd in vergelijking met de 

controlee periode. Echter, het absolute aantal bloedingen was laag. 

Inn Hoofdstuk 7 beschrijven we het recidief risico van een veneuze tromboembolie 

(VTE)) na het staken van de behandeling met VKA. De gegevens van 18 

gerandomiseerdee en cohort studies werden geanalyseerd, met speciale aandacht voor 

dee kans op recidief VTE in relatie tot het eerste event. De resultaten van deze meta-

analysee laten zien dat de kans op een recidief afneemt in de loop van de tijd. Er treedt 

eenn stabilisatie op van het risico na 9 maanden en dat is onafhankelijk van de duur van 

behandelingg met VKA. 

Hoofdstukk 8 beschrijven we de totstandkoming van een beslismodel voor de 

optimalee behandelduur met VKA van een diepe veneuze trombose. D.m.v. dit 

beslismodell kunnen we een schatting maken van de optimale duur van behandeling 

voorr de individuele patiënt, waarbij we voor iedere individuele patiënt rekening houden 

mett de kans op bloedingen en tromboembolieën. We nemen aan dat de optimale duur 

vann behandeling ligt op het moment dat de kans op een bloeding (door gebruik van 

VKA)) gelijk is aan de kans op een recidief VTE. Het blijkt dat er een grote interindividuele 

variatiee bestaat in deze genoemde behandelduur. 

Dee invloed van gelijktijdig gebruik van co-medicatie op de stabiliteit van de INR-

waardenn hebben we onderzocht in Hoofdstuk 9. De studiepopulatie bestond uit 1300 

patiëntenn die vanwege een veneuze tromboembolie werden behandeld met VKA. De tijd 
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doorgebrachtt binnen de therapeutische range (d.w.z. een INR tussen de 2.0 en 3.0) 

werdd berekend voor patiënten met en zonder diverse co-medicamenten. Het bleek dat 

geenn van de geanalyseerde medicamenten een belangrijke invloed heeft op de 

stabiliteitt van de INR-waarden. 

Inn Hoofdstuk 10 hebben we onderzocht of het mogelijk is om de antistollende 

werkingg van het langwerkende pentasaccharide idraparinux te neutraliseren met 

recombinantt factor Vila (rVlla). Bij twaalf gezonde vrijwilligers laten we zien dat er een 

volledigee normalisatie optreedt bij lage plasmaspiegels idraparinux (d.w.z. 1 week na 

toediening)) en een partiële normalisatie bij hoge plasmaspiegels (d.w.z. 3 uur na 

toediening).. De duur van het effect was 2 tot 6 uur. Derhalve zou rVlla een geschikt pro-

hemostaticumm kunnen zijn om in geval van een ernstige bloedingscomplicatie het 

antistollingswerkingg van idraparinux te neutraliseren. 
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Zonderr de hulp en steun van de volgende personen zou dit proefschrift er niet zijn 

geweest.. Ten eerste de promotores Marcel Levi en Harry Büller. Marcel, ik had het niet 

beterr kunnen treffen met jou. Beroeps-optimist en alleskunner. Stimulerend voor jonge 

onderzoekers.. Ik vind het een grote eer dat ik bij jou mag promoveren. Harry, wat meer 

opp de achtergrond, maar zeker niet minder belangrijk. Jaren geleden stelde jij me in de 

gelegenheidd om als student op de afdeling te komen werken. Met dit proefschrift als 

uiteindelijkk resultaat.... Co-promoter Renée van den Brink, naast het hectische bestaan 

alss cardioloog maakte je ook nog tijd voor wetenschap. En alles met oog voor detail; de 

grotee precisie waarmee je alle stukken corrigeerde zijn zeer waardevol geweest. 

Graagg bedank ik de hooggeleerde heren Crijns, Hoekstra, de Mol, Rosendaal en 

Wildee en de hooggeleerde vrouwe Vroom voor de bereidwilligheid zitting te nemen in de 

promotiecommissie.. Vol goede moed kijk ik uit naar de oppositie op 25 juni. 

Paranimfenn Merijn te Lintelo en Ester ter Hofstede. Op jullie schouders rust een 

zwaree taak. Een uur lang stilzitten en niet lachen (MtL) kan moeilijker zijn dan je denkt. 

Merijn,, wie had ooit gedacht dat wij hier samen zouden staan. Tijdens ons eerste 

(gezamenlijke)) sollicitatiegesprek kregen we horen dat jouw papieren nog slechter 

warenn dan die van mij. Gelukkig kon jij je toen troosten met de legendarische woorden 

datt "U heer Vink, toch ook weinig nuttigs pleegt mee te brengen". Ester, met grote 

belangstellingg volgde je alle ontwikkelingen. Reeds voor ik met het promotieonderzoek 

begon,, was het al duidelijk dat JIJ paranimf zou worden...en terecht 

Epidemiologenn Barbara Hutten en Carlo van Dongen, bedankt voor alle statistische 

adviezen.. Carlo, ook je adviezen op niet-epidemiologisch gebied waren relevant. 

Roderikk Kraaijenhagen, vooral in de beginfase was jouw inbreng van groot belang. 

Vervolgenss de collega's van de stollingsgroep met wie ik een fantastische tijd heb 

gehad.. Maaike en Marije, rotsen in de branding en belangrijk(st)e pijlers van de afdeling. 

Tijmen,, altijd weer een verrassing met wie je op de foto staat, na afloop van dat feest. 

Nick,, zakenman en soms cardioloog. Marnix, spraakwaterval en binnenkort uitgerust 

mett speculum en tang. Jeroen, ex-sprintkampioen. Iris, spanwijdte groter dan je lengte. 

Ookk de collega's Sabine, Arno, Mathijs, Michiel, Clara, Saskia, Melchior, Maxi, Radjesh, 

Kees,, Sanne, Jessica, Greetje, Maud en andere lipidologen bedankt voor de leuke tijd. 

Dann de supervisoren van de stollingsdiensten die dag en nacht beschikbaar waren 

voorr overleg en discussie. Saskia Middeldorp, altijd bereikbaar en altijd goede adviezen. 

Erikk Stroes, niet altijd bereikbaar, maar wel altijd bereid advies te geven. Ten slotte 

Victorr Gerdes die recentelijk het spijkers met koppen slaan introduceerde op de 

afdeling. . 
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Mevrouww Schagen, zonder uw hulp zou de hartkleppendatabase er niet zijn 

geweest.. Prof. Bas de Mol, jouw kennis van hartkleppen is van grote waarde geweest. 

Rutgerr Jacobs, bedankt voor je hulp bij het verzamelen van de gegevens. 

Isabellee van Gelder en Michiel Rienstra, bedankt voor de prettige samenwerking 
vanuitt Groningen. 

Ookk wil ik een aantal mensen bedanken die niet direct betrokken was bij de 

totstandkomingg van dit proefschrift, maar wel heeft bijgedragen aan de goede sfeer op 

dee afdeling. John Kastelein, ik heb bewondering voor het feit dat jij 120 vasculaire 

neuzenn dezelfde kant op kan laten wijzen. Verder Joost Meijers, Erik-Jan van den Dool en 

collega's,, het personeel van het Vaatcentrum en Coos van Gosliga (faxen blijft 

problematisch). . 

Vriendenn Arrie & Mary, Bas, Edgar & Renske, en de al eerder genoemde 

paranimfen.. Liesbeth, de onvoorwaardelijke steun voor alles wat ik doe waardeer ik 

enorm.. Ten slotte pa & ma, Paul, Wieke en Dan voor de interesse en steun in de 

afgelopenn jaren. 
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Stellingenn behorend bij het proefschrift 

ManagementManagement of antithrombotic therapy in venous and arterial thromboembolism 

1.. De kans op een recidief VTE na het staken van behandeling met vitamine K 

antagonistenn neemt af in de loop van de tijd. 

2.. De optimale intensiteit van behandeling met vitamine K antagonisten voor 

patiëntenn met een aorta of een mitralis kunstklep ligt tussen de 3.0 en 4.5. 

3.. Patiënten met boezemfibrilleren hebben een verhoogde kans op bloedingen in 

dee postoperatieve periode. 

4.. Postoperatieve herstart van (ongefractioneerde) heparine dient met 

voorzichtigheidd te geschieden. 

5.. Integratie tussen stolling en atherosclerose: de kloof tussen praktijk en theorie 

blijftt bestaan... (o.a. NEJM 2003; 348: 1435-41). 

6.. Intensievere aanpak van de criminaliteit zal leiden tot een uitgedund 

Nederlandss elftal. 

7.. Géén tijd is géén prioriteit. 

8.. De zegswijze winti wai tanti pai* verklaart het bankroet van de Surinaamse 

overheid. . 

9.. Het afwijzen van een gerandomiseerde trial door de Nederlandse Vereniging 

vann Klassiek Homeopaten is het definitieve bewijs dat homeopathie niet werkt 

(www.skepsis.nl). . 

'' hoe de wind ook waait, de overheid betaalt... 

Roell Vink 

Amsterdam,, 25 juni 2004 

http://www.skepsis.nl
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