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Stellingenn behorend bij het proefschrift 
"Heparinn Derivatives in Acute Coronary Syndromes" 

1.. In Nederland geeft het stoppen van de behandeling met heparine bij patiënten met een 
dreigendd hartinfarct jaarlijks evenveel sterfgevallen als er in het verkeer vallen door 
alcoholgebruik,, (ditproefschrift) 

2.2. Het opvlammen van stollingsactivatie na staken van heparinetherapie ('rebound' stolling) is 
grotendeelss het gevolg van de behandeling zelf. (ditproefschrift) 

3.. Rebound stollingsactivatie komt evenveel voor na staken van ongefractioneerde heparine als na 
laag-moleculairgewichtss heparine. (ditproefschrift) 

4.. Bij patiënten met een dreigend hartinfarct dient de behandeling met laag moleculair gewichts 
heparinee met een intraveneuze oplaaddosis te starten, (ditproefschrift) 

5.5. Een deel van de effectiviteit van clopidogrel bij patiënten met een dreigend hartinfarct wordt 
verklaardd door een lagere incidentie van recidief thrombotische complicaties ('rebound' 
thrombose)) na staken van heparine. (ditproefschrift) 

6.6. Het geven van recombinant factor Vila bij een ernstige bloeding tijdens behandelingmet 
pentasaccharidenn draagt bij aan het herstel van de hemostatische functie, (ditproefschrift) 

7.. Mensen klonen is te Dollie voor woorden. 

8.. Wie met beide benen op de grond staat, komt geen stap verder. (P. Pickkkers) 

9.. Dokters hebben momenteel vaker een telefoon dan een stethoscoop aan hun oor. 

10.. Drukfouten vallen doorgaans meer op dan denkfouten. 

11.. Er zijn 2 gouden regels die leiden tot succes: 1) Vertel nooit alles watje weet. 
(R.H.(R.H. Lincoln) 

11 2. Wie in het middelpunt staat, staat vaak in de weg. 

13.. Wie de toekomst als tegenwind ervaart, loopt de verkeerde kant op. 

14.. Fanatisme betekent: je krachtsinspanningen verdubbelen, nadat je je doel vergeten bent. 

15.. Aangetoond is dat 17.6 % van alle statististische berekeningen onzin zijn. 

16.. De felste anti-rokers zijn ex-rokers die ernstig lijden onder hun gemis. 

Nickk R. Bijsterveld 19-03-2003 3 
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In t roduct ion n 

Generall Introduction 

Thee development o f atherosclerosis starts at puberty, wi th increased 
permeabilityy o f the endothelium and upregulation o f adhesion molecules, 
resultingg in the accumulation o f lipids, leucocytes, and monocytes in the 
vessell walh ' K Lipid droplets, inf lammation, necrosis, and smooth muscle 
celll proliferation are the progressive steps in the development o f an 
atheroscleroticc plaque with a necrotic lipid rich core and a f ibrous cap. 

Thiss atherosclerotic plaque protrudes in the vascular bed narrowing the 
diameterr o f arteries and it is at risk for rupture. The progression o f 
atherosclerosiss to a clinically manifest disorder depends on both genetic 
andd environmental factors^ ' \ These risk factors include dyslipidaemia, 
hyperhomocysteinemia,, hypertension, diabetes, smoking, obesity, male 
gender,, age, and a family history o f cardiovascular diseases. 

Thee clinical manifestation o f advanced atherosclerosis can be divided into 
stablee and unstable disorders, i.e. non-acute or acute disorders, 
respectively.. Stable angina, intermittent claudication, both non-acute 
manifestations,, are symptoms caused by ischemia due to insufficient blood 
f loww through the narrowed arteries o f the coronary or peripheral 
circulationn on exertion, respectively. 

Acutee coronary syndrome is an acute condit ion caused by an immediate 
decreasee or even interruption o f blood f low to a part o f the myocardium by 
aa (sub)total occlusion o f a coronary artery. Acute total occlusion is often 
accompaniedd by specific changes on the electrocardiogram and is therefore 
definedd as an ST-elevation acute coronary syndrome or acute myocardial 
infarctionn (STE-ACS / Ml ) . Subtotal occlusion with reversible ischemia or 
minimall myocardial necrosis and not accompanied by these specific ST-
elevationss is defined as non-ST-elevated acute coronary syndrome or 
unstablee angina (NSTE-ACS / UAP). 

Thee basis o f both these acute presentation in atherosclerosis is plaque 
rupturee with exposure o f its contents to the coronary circulation. Either the 
plaquee itself, or more commonly the evolving thrombus format ion on top 
o ff the ruptured plaque results in a (sub)total coronary occlusion, 
myocardiall ischemia, and acute chest discomfort. Plaque contents, 
especiallyy tissue fac to r \ are potent triggers for activation o f coagulation 
andd generation o f thrombin with consequent thrombus format ion and 
platelett activation. 
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In t roduct ion n 

Thee treatment o f acute coronary syndromes consists o f a mechanical 
approachh and a pharmacological approach. Mechanical treatment is 
aimedd at restoration o f coronary blood f low, using balloon catheters and 
intracoronaryy stents. The pharmacological approach employs thrombolyt ic 
agents,, such as recombinant tPA or streptokinase, antiplatelet agents, and 
anticoagulants.. The effect o f these agents is pharmacological lysis o f the 
th rombi ,, prevention o f further intracoronary thrombus growth in the acute 
stadium,, and prevention o f relapse after an acute event. By halting the 
thrombot icc process, naturally circulating thrombolytic processes are 
enabledd to t ip the balance toward clearance o f the thrombot ic load. 

Thee most commonly used antiplatelet agent is aspirin, which proved 
beneficiall both in the acute treatment as well as in the secondary 
preventionn of ischemic cardiovascular diseases' '. The recent introduction 
o ff another platelet inhibitor, clopidogrel, showed that further inhibit ion o f 
platelett aggregation was effective, again both in the acute and long term 
treatment^^ K More aggressive drug approaches with glycoprotein l lb / l l la 
inhibitorss are used in selected cases or as adjunctive therapy to balloon 
angioplastyy or intracoronary stent insertion. 

Untill recently, the most commonly used anticoagulant in the acute 
treatmentt of patients presenting with NSTE-ACS was intravenous 
unfractionatedd heparin (UFH). Compared to placebo treatment, UFH 
reducess the incidence o f death, or (recurrent)MI during hospital admission 
byy 33% in these patients^ K Treatment with anticoagulants is maintained 
untill patients are stabilized. This takes usually 2 to 5 days after which 
anticoagulantt therapy is stopped. 

However,, the coronary atherosclerotic lesion takes more time to heal, and 
intracoronaryy thrombus is still present in a large majority o f patients^ >. 
Consequently,, in a subset o f patients reactivation may occur when 
anticoagulantss are stopped. Such rebound activation o f the coagulation 
cascadee has been observed in biochemical studies^ \ and may lead to 
clinicall events as has been observed in clinical studies^ '. The incidence 
o ff death, M l , or urgent revascularization within 24 hours o f cessation o f 
anticoagulantt therapy in these apparently stabilized patients is around 
3%(( ' \ which is approximately 20% all events during the first 30 days 
afterr hospital admission' K Addit ionally, o f all events in the first week 
afterr cessation o f anticoagulant treatment, 45% occurs within 24 hours 
afterr discontinuation^ '. This rebound phenomenon affects a large group 
o ff patients treated for ACS and moreover, occurs in patients considered 
stablee who may be transferred from the coronary care unit to a general 
wardd or even home. 

9 9 
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Platelett activation appears to play a central role in rebound thrombosis in 
arteriall disease. Aspirin was found to reduce rebound clinical events after 
discontinuationn o f UFH treatment/13^. Addit ional antiplatelet treatments 
furtherr reduce clinical rebound events, as was shown with the platelet 
glycoproteinn l lb / l l la inhibitor eptifibatide^17^. This observation indicates 
thatt in spite o f treatment with aspirin, platelet aggregation still contributes 
too rebound thrombosis. 

Thee mode o f action o f UFH is by binding to ant i thrombin, strongly 
increasingg the inhibit ing potential o f this natural anticoagulant for two 
importantt coagulation factors i.e. factor Xa and factor lla ( thrombin) . 
Severall disadvantages o f UFH have stimulated the development o f low-
molecularr weight heparins (LMWH) . 

Thee LMWHs are depolymerized and consist o f the low-molecular weight 
fractionn o f UFH. The mode of action is comparable with UFH although 
LMWHss more selectively inhibit factor Xa. These compounds were shown 
too be comparable or even superior in efficacy and safety compared to 
UFH^^ K Importantly, LMWHs have pharmacological properties that render 
thesee agents more easily applicable in clinical practice, such as a good and 
predictablee bioavailability upon subcutaneous administrat ion, and a much 
longerr half-life. The ease o f administrat ion, i.e. once or twice daily a 
subcutaneouss injection, and the absence o f the need for laboratory 
monitor ingg or dose adjustments have positioned LMWHs as the standard 
o ff care in the initial treatment o f ACS patients, as well as in patients with 
venouss thromboembol ic diseases. 

Moree recently, a new class of anticoagulants has been introduced, the 
pentasaccharides.. These compounds are produced fully synthetically and 
alsoo act by binding to ant i thrombin^1 8 '1 9 ) . The pentasaccharide 
fondaparinuxx is administered as a once daily subcutaneous injection and 
comparedd to UFH and L M W H , this compound has several advantages. 
First,, a more specific anticoagulant effect is achieved with 
pentasaccharides,, selectively inhibit ing factor Xa. Second, there is no 
batch-to-batchh variation with pentasaccharides, the agent is not derived 
fromm an animal source, and pentasaccharides do not appear to induce 
antibodies.. Currently, this compound is registered for prophylaxis o f deep 
veinn thrombosis after orthopaedic surgery, and large phase II and III trials 
aree comparing these compounds against standard therapy in the treatment 
o ff venous and arterial thrombosis. Another variant o f the 
pentasaccharides,, idraparinux, provides stable therapeutic ant i thrombot ic 
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plasmaa concentrations when administered once weekly by a subcutaneous 
injection.. Idraparinux is currently compared against subcutaneous 
anticoagulantss and vitamin K antagonists as treatment for various 
thromboembol icc diseases. 

Thee downside o f any ant i thrombotic therapy is the risk o f bleeding. Wi th 
thee introduction o f (long-acting) pentasaccharides, that do not have a 
specificc antidote, there is an unmet need for an agent that may reverse its 
anticoagulantt effect in case o f serious bleeding complications. 

Againstt this background, several issues regarding the use o f anticoagulants 

andd antiplatelet agents in patients with ACS remain to be evaluated. 

Iff rebound coagulation is responsible for recurrent ischemic events after 
UFHH discontinuation, the more gradual plasma clearance o f LMWH in 
comparisonn wi th UFH might avoid or reduce this phenomenon. Clinically 
superiorr results o f LMWH over UFH in ACS patients could partially be 
basedd on such a difference. If so, this effect would be reflected in a lower or 
absentt increase o f coagulation markers and by a lower incidence o f early 
clinicall rebound after discontinuation o f LMWH compared to UFH. 

Additionally,, since platelets inhibit ion has shown to be effective in 
decreasingg the incidence o f early rebound after UFH, possibly additional 
platelett inhibit ion wi th clopidogrel on top o f aspirin would further 
decreasee the extent o f reactivation o f coagulation. 

Concerningg the anticoagulant effect o f the pentasaccharides, it might be 
hypothesizedd that potent pro-hemostatic intervention proximal in the 
coagulationn system, such as recombinant factor Vi la, reverse this 
anticoagulantt effect and thus serve as a potential treatment in case o f 
seriouss bleeding complications. 

11 1 
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Outl in ee o f thi s thesi s 

Chapterr 2 provides a systematic review o f clinical trials comparing UFH 

withh LMWH for the treatment o f venous thrombosis and arterial 

thrombosiss (unstable angina, myocardial infarction, and ischemic stroke). 

Inn Chapter 3 (BOLUS Study), we focus on whether the addit ion o f an 
intravenouss loading dose to a subcutaneous dose on admission is superior 
too a subcutaneous administration alone in patients with acute coronary 
syndromes.. This study is the first to compare these two LMWH regimens 
andd to quantify the impact of these two treatment strategies on the 
coagulationn system in ACS patients. 

Ass previously mentioned, the first reports on rebound ischemia and 
reboundd coagulation activation after cessation o f anticoagulant therapy 
weree described after the use o f UFH. Whether LMWHs, with a more 
graduall plasma clearance, would similarly results in early rebound after 
cessationn was unknown. The study described in Chapter 4 (INSTAP I Study) 
investigatedd this issue and compared the extent o f rebound coagulation in 
ACSS patients after cessation o f the LMWH dalteparin and o f the 
comparatorr UFH. 

Additionally,, we investigated in Chapter 5 (TESSMA Study) whether 
cessationn o f L M W H , i.e. enoxaparin, would result in clinical rebound. This 
wass performed by a retrospective analysis o f the data derived from two 
largee clinical treatment trials; the TIMI 11B and ESSENCE studies. In these 
studies,, the efficacy and safety o f short- or long-term LMWH treatment 
wass compared with UFH treatment. 

Thee results o f both these previous studies led to the design o f the study 
presentedd in Chapter 6 (INSTAP II Study). We investigated whether the 
addit ionn o f a second platelet inhibitor, i.e. clopidogrel, on top o f aspirin 
wouldd reduce the extent o f rebound coagulation observed after cessation 
o ff LMWH. This use o f platelet inhibitors was supported by previous 
publicationss showing a reduction o f clinical rebound by aspirin and 
glycoproteinn l lb / l l la inhibitors. In this study, we administered clopidogrel 
too ACS patients before LMWH cessation and quantif ied the impact o f this 
drugg on biochemical rebound against placebo. 

12 2 
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Thee studies described in Chapter 7 {PENT!Study) and Chapter 8 {MAJOT 
Study)Study) focus on the unmet need for a reversal agent which can be used in 
casee o f serious bleeding complications during pentasaccharides use. 
Recombinantt factor Vila was tested as reversal agent in healthy volunteer 
treatedd wi th the short-acting pentasaccharide fondaparinux (PENTIStudy) 
orr the long-acting pentasaccharide idraparinux [MAJOT Study). We 
determinedd whether the inhibit ion o f coagulation activity caused by the 
pentasaccharidess could be corrected by injection o f a single intravenous 
dosee o f recombinant factor Vi la. 

Chapterr 9 summarizes the main findings derived from the studies described 
inn Chapter 2 to 7. Furthermore, we provide an interpretation o f the results 
andd discuss several aspects based on these insights. 
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Heparinss in Th rombot i c Diseases 

S u m m a r y y 

IntroductionIntroduction -Since the introduction o f low-molecular-weight heparins 
(LMWHs)) in the early 1980's, the use o f these compounds has been 
extensivelyy investigated as a substitute for unfractionated heparin (UFH) in 
patientss with venous and arterial thrombot ic diseases. LMWHs have 
severall advantages as compared to UFH, such as the subcutaneous route 
o ff administrat ion, the predictable anticoagulant response and the lack o f 
thee need for laboratory monitor ing. The present systematic review 
evaluatess randomised clinical trials which investigated the efficacy and 
safetyy o f LMWH in the acute treatment o f venous thromboembol ism, 
myocardiall infarction, unstable coronary syndromes and ischemic stroke. 

MethodsMethods -A computerised and manual search was performed to identify 
alll relevant clinical trials. All randomised studies, with an a priori defined 
studyy populat ion, clinical outcome measurement and adequate fol low-up, 
weree reviewed by two independent assessors. Whenever possible a 
commonn effect estimate o f the included studies was calculated. 

ResultsResults -Thirteen studies in approximately 4000 patients with acute 
venouss thromboembol ism revealed an odds ratio for the 3-month 
recurrentt thromboembol ism rate and major bleeding complications during 
exposuree o f 0.77 (C.I. 0.57-1.04) and 0.61 (C.I. 0.39-0.95), respectively, in 
favourr o f LMWH as compared to UFH. In patients with acute myocardial 
infarction,, one study suggested a reduction in the incidence o f reinfarction 
andd cardiac death in LMWH recipients compared to UFH, while a placebo-
controlledd study revealed no beneficial effect o f LMWH on these outcomes. 
Inn six studies including over 7000 patients with acute unstable coronary 
syndromes,, there was an odds ratio for recurrent angina, myocardial 
infarction,, urgent revascularisation and major bleedings o f 0.88 (C.I. 0.76-
1.01),, 0.84 (C.I. 0.69-1.01), 0.83 (C.I . 0.70-0.99), 1.09 (C.I. 0.70-1.70), 
respectively,, in favour o f LMWH compared to UFH. The three studies 
comparingg LMWH treatment wi th placebo in approximately 1000 patients 
withh acute ischemic stroke revealed an odds ratios for the 10-day recurrent 
stroke,, death or disability after 3 months and major bleeding 
complicationss o f 0.68 (C.I. 0.41-1.13), 0.94 (C.I. 0.78-1.15), 2.92 (C.I. 
1.88-4.55),, respectively. 

ConclusionConclusion - Fixed -dose subcutaneous LMWH appears to be a safe and 
effectivee alternative for dose-adjusted intravenous heparin in the treatment 
o ff patients with acute venous thrombot ic disease as well as in patients with 
acutee unstable coronary syndromes. The effectiveness o f LMWH in patients 
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Heparinss in Th rombo t i c Diseases 

withh acute myocardial infarction remains unclear. There seems to be no 
beneficiall effect o f LMWH treatment as compared to placebo in patients 
withh acute ischemic stroke, while the risk o f major bleeding was clearly 
increased. . 

I n t r o d u c t i o n n 

Forr decades, unfractionated heparin (UFH) has been the anticoagulant 
drugg of choice in the initial treatment o f patients wi th established venous 
thromboembol ism.. Also, in arterial thrombot ic diseases, in particular in 
thee treatment of acute myocardial infarction and unstable coronary 
syndromes,, UFH is routinely used. It is less clear whether patients with an 
acutee ischemic stroke benefit from UFH therapy. Low-molecular-weight 
heparinss (LMWHs) , which are fractions o f UFH, were introduced in the 
earlyy 1980's in clinical research. Currently, one can observe a gradual 
replacementt o f UFH by these new low molecular weight heparin fractions. 

LMWHss have several pharmacological and practical advantages compared 
too the parent compound ' '. The low protein binding o f LMWH produces a 
stablee and predictable anticoagulant response, thereby obviating the need 
forr laboratory monitor ing to adjust the dosage. In addi t ion, one or two 
subcutaneouss injections per day are sufficient to maintain therapeutic 
concentrations,, because o f the longer plasma half-life o f LMWHs. This 
facilitatess administration outside a hospital setting ( • '. The efficacy and 
safetyy of LMWHs have been extensively investigated in the treatment and 
preventionn o f venous thromboembol ism (VTE), in most instances 
comparedd to UFH. The feasibility o f LMWHs as an adjunct treatment in 
arteriall thrombot ic condit ions has been somewhat less intensively 
evaluated. . 

Inn this systematic review, we summarise the clinical studies performed thus 
farr with L M W H . Our analysis focuses on the use o f LMWHs in the initial 
treatmentt o f symptomatic venous thromboembol ism, acute myocardial 
infarction,, acute unstable coronary syndromes (unstable angina and non 
Q-wavee infarction), and acute ischemic stroke. Other applications o f 
LMWHs,, such as in the prophylaxis of venous thrombosis, during 
hemodialysiss or in coronary interventions, will not be discussed. 
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Methods s 

AA computerised literature search was performed to identify publications of 
randomisedd controlled clinical studies where the efficacy and safety of 
LMWHss was assessed in the treatment o f patients with venous 
thromboembol ism,, acute myocardial infarction, unstable angina, non Q-
wavee infarction or ischemic stroke. Both studies comparing fixed-dose 
subcutaneouss LMWH with dose-adjusted intravenous UFH or with placebo 
weree identified. MEDLINE and EMBASE databases ( f rom 1966 till June 
1999)) were searched using different relevant text and key words. Reference 
listss of all relevant articles were manually checked for additional 
publications.. Furthermore, we contacted principal investigators o f relevant 
studiess that were only available in abstract fo rm. All randomised studies, 
withh an a priori defined study populat ion, clinical outcome measurement 
andd adequate fol low-up, were reviewed by two independent assessors ^ '. 
Dose-findingg studies, duplicate publications, non-English language 
publications,, publications from which it was not possible to extract the 
clinicall data and not truly randomised studies, were excluded from the 
analysis.. Also, studies evaluating non-therapeutic doses o f either UFH or 
L M W H ,, were excluded. 

Whenn a sufficient number o f studies with adequate methodology and 
similarr design were available, a common effect estimate was obtained 
comparingg the incidences o f efficacy and safety outcomes between the 
treatmentt groups. In such analyses the odds ratios and the 95% confidence 
intervall were calculated separately for each study and then pooled across 
studiess to estimate a common odds ratio and the 95% confidence interval 
usingg the Mantel-Haenszel method ( \ Both the incidences o f separate 
clinicall outcomes (where one patient can account for more than one 
event),, as well as a composite clinical outcome (where only the most severe 
eventt is considered), were calculated. 

Results s 

Venouss thromboembol ism 

Dataa from 13 randomised clinical trials where subcutaneous LMWH was 
comparedd with intravenous UFH in the initial treatment o f patients with 
venouss thromboembol ism (VTE) were analysed ' ' ' ' '. In all these 
studies,, initial treatment lasted 5 to 10 days and patients received vitamin 
KK antagonists as secondary prophylaxis for at least three months. The 
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numberr o f patients studied in each trial as well as the type, dose and 
frequencyy o f subcutaneous administrat ion o f the LMWHs are detailed in 
Tablee 1. The comparator, UFH was given intravenously, usually with a 
boluss injection o f approximately 5000 IU and a maintenance dose by 
continuouss infusion to prolong the aPTT 1.5 to 2.5 times the control value. 

TableTable 1 - Randomized clinical trials comparing low molecular weight heparin with unfractionated 
heparinn in the initial treatment of patients with venous thromboembolism. 

StudyfRef»» Year 

Faivree et al<6> 1988 

Durouxx et al(7> 1991 

H u l l e t a l ( 8 )) 1992 

Prandonii et al(9> 1992 

Lopac iuke ta l ( 1 0 >> 1992 

S i m o n n e a u e t a l 1 " 11 1993 

L indmarkerecal '1 2 11 1994 

Koopmann et a l ( 2 > 1996 

Lev ineeta l ' 3 '' 1996 

Fiessingerecal1 '311 1996 

Columbuss inv.<'4) 1997 

Simonneauu e t a l ( , S ) 1997 

Numberr of Pacients 

68 8 

166 6 

432 2 

170 0 

149 9 

134 4 

204 4 

400 0 

500 0 

253 3 

1021 1 

612 2 

Decoususe ta l ( , 6 )) 1998 400 

LMWH H 

Type e 

CY222 2 

nadroparin n 

tinazeparin n 

nadroparin n 

nadroparin n 

enoxaparin n 

dalceparin n 

nadroparin n 

enoxaparin n 

dalceparin n 

reviparin n 

tinazaparin n 

enoxaparin n 

Dose e 

156aXaU/Kg g 

900 aXaU/Kg 

1755 aXa U/Kg 

955 aXaU/Kg 

922 aXaU/Kg 

1000 aXa U/Kg 

2000 aXa U/Kg 

922 aXa U/Kg 

1000 aXa U/Kg 

2000 aXa U/Kg 

87.55 aXa U/Kg 

1755 aXa U/Kg 

1000 aXa U/Kg 

Frequency y 

bid d 

bid d 

od d 

bid d 

bid d 

bid d 

od d 

bid d 

bid d 

od d 

bid d 

od d 

bid d 

AA total o f 12 other studies were not included in the analysis for the 
fol lowingg reasons: dose-finding study ' \ duplicate report ( ' and 
publicationss in which it was not possible to extract the clinical data (20'22\ 
Inn addi t ion, investigations in which LMWH was given intravenously or 
whenn the dose was adjusted, as well as studies in which the UFH was given 
inn a fixed dose [ ' ', were not taken into consideration. 
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ess and odd rai >>us thromboembolism after 3 months of follow-
up,, the 3-month mortality rates, and major bleeding complications during initial (LMW) 

nn therapy of the individual studies, as well as the common odds ratios in the 
comparingg low-molecular weight heparin with unfractionated heparin in patients with 
venouss thromboembolism. 

Study y 

Recurren tt  venou s thromboembolis m after 3 month s follow-u p 
LMWHH UFH OR OR 

n/NN nl» (95%CI Fixed) (95%CI Fixed) 

Columbuss 1997 

Decousus1996 6 

Hulll 1992 

Koopmann 1996 

Levinee 1996 

Lindmarkerr 1994 

Lopeciukk 1992 

Prandonii 1992 

Simmonneauu 1997 

Simonneauu 1993 

To1al(95%CI) ) 

27/510 0 
10/195 5 
6/213 3 
88 / 202 
13/247 7 
2/101 1 
0/74 4 
4/85 5 
0/67 7 
5/304 4 

75 /1998 8 

255 / 511 

12/205 5 
15/219 9 
10/198 8 
177 / 253 

0/103 3 
3/72 2 
7/85 5 
3/67 7 
66 / 308 

1.09(0.62,11 90) 

0.87(0.37,2.061 1 

0.39[0.15,1.04J J 

0.73(0.30,2.01) ) 

0.77(0.37,1.62] ] 

-^5.20(0.25,109.70] ] 

013(00 01,2 63] 

0.55(0.15,1.95] ] 

014(00 01,2.70] 

0.84(00 25,2 79] 

00 77(0 57,1.04] 

S tudy y 

Totall  mortalit y after 3 month s follow-u p 
LMWHH UFH OR OR 

n/NN n/N (95%CI Fixed) (95%CI Fixed) 

Columbuss 1997 

Decousus1996 6 

Hulll 1992 

Koopmann 1996 

Levinee 1996 

Lopeciukk 1992 

Prandonii 1992 

Simmonneauu 1997 

Simonneauu 1993 

Total(95%CI) ) 

3 6 / 5 1 0 0 

1 0 / 1 9 5 5 

1 0 / 2 1 3 3 

4 / 2 0 2 2 

111 /247 

0 / 7 4 4 

5 / 8 5 5 

3 / 6 7 7 

1 2 / 3 0 4 4 

911 /1897 

3 9 / 5 1 ; ; 

1 5 / 2 0 5 5 

211 /219 

7 / 1 9 8 8 

1 7 / 2 5 3 3 

II / 7 2 

9 / 8 5 5 

2 / 6 7 7 

144 / 308 

00 92(0.57,1.47] 
0.68(0.30,11 56] 
0.46(00 21,1.01] 
00 55(016,1.91) 
0.65(0.30,1.41] ] 
00 32(0 01,7 93] 
0.53(0.17,1.65) ) 

-1.52(0.25,9.42] ] 
0.86(0.39,1.90] ] 

00 72(0 55,0.96] 

Study y 

Majorr  bleedin g complication s durin g initia l (LMWH) hepari n therap y 
LMWHH UFH OR OR 

n/NN n M I Fixed) I Fixed) 

Columbuss 1997 

Decousus1996 6 

Duroux1991 1 

Faivree 1987 

Fiessingerr 1996 

Hulll 1992 

Koopmann 1996 

Levinee 1996 

xx Lindmarker 1994 

Lopeciukk 1992 

Prandonii 1992 

xx Simmonneau 1997 

Simonneauu 1993 

Total(95%CI) ) 

100 / 510 

7 / 1 9 5 5 

2 / 8 5 5 

0 / 3 3 3 

0 / 1 2 0 0 

11 .'213 

11 /202 

5 / 2 4 7 7 

0 / 1 0 1 1 

0 / 7 4 4 

11 185 

0 / 6 7 7 

3 / 3 0 4 4 

300 /2236 

8 / 5 1 1 1 

88 / 205 

4 / 8 1 1 

3 / 3 5 5 

2 / 1 3 3 3 

111 /219 

2 / 1 9 8 8 

33 / 253 

0 / 1 0 3 3 

11 / 7 2 

3 / 8 5 5 

0 / 6 7 7 

5 / 3 0 8 8 

500 /2270 

II 26(0.49,3.21] 

0.92(0.33,2.58] ] 

00 46(0 08,2.60] 

0.14(0.01,2.79) ) 

00 22(0 01,4.59] 

00 09(0 01,0 70] 

0.49(00 04,5 42] 

11 72(0 41,7.28] 

Mott Estimable 

0.32(0.01,7.98] ] 

00 33(0.03,3.19] 

Nott Estimable 

00 60(0 14,2.55] 

0.62(0.39,00 97] 
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Thee incidences and odds ratio's o f recurrent venous thromboembol ism 
overr a 3-month fol low-up period, major bleeding complications during 
initiall therapy and the 3-month mortality rates o f the individual studies, as 
welll as the common odds ratio's, are detailed in Table 2. 

Tenn o f the 13 studies reported on the 3-month incidence o f recurrent 
venouss thromboembol ism in a total of 4019 patients with symptomatic 
VTE.. Subcutaneous LMWH was administered to 1998 patients, while 2021 
patientss received UFH. The pooled odds ratio for recurrent VTE was 0.77 
(95%% confidence interval 0.57 to 1.04) in favour of L M W H . All 13 trials 
reportedd on the incidence o f major bleeding complications during the 
initiall treatment period. A total o f 30 patients among 2236 (1.3%) LMWH 
recipientss developed major bleeding compared to 50 o f 2270 (2.2%) 
patientss who received UFH. The pooled odds ratio for major bleeding 
complicationss was 0.61 (95% C.I.: 0.39 to 0.95) in favour o f L M W H . The 
3-monthh mortal i ty rate was reported in nine studies. Analysis o f the pooled 
dataa showed an approximately 30 % reduction in mortal i ty in favour 
LMWHH (pooled odds ratio 0.73; 95% C.I. 0.55 to 0.96). 

Arteriall Thrombosis 

Forr acute myocardial infarction, unstable coronary syndromes and 
ischemicc stroke, Table 3 presents the number o f patients in each o f the 
studiess included in the analysis, the type, dosage and frequency of 
administrationn o f the LMWHs, as well as the UFH dose, aspirin dose and 
lengthh o f treatment and fol low-up. It should be noted that three studies in 
patientss with unstable coronary syndromes evaluated an initial therapeutic 
dosee o f LMWH followed by a lower daily dose (30-31-32). The current 
analysiss is limited to the outcomes during the first 5 to 14 days. 
Furthermore,, two studies in patients with ischemic stroke evaluated two 
separatee doses o f LMWH <33>34). For the present analysis only the highest 
dosee (equivalent to a therapeutic dose) is considered. 

Acutee Myocardial Infarction 

AA total o f 9 randomised clinical investigations that evaluated LMWHs in 
patientss with acute myocardial infarction (AMI) were identif ied. Seven 
studiess were not included for the fol lowing reasons: dose-finding studies 
(35,36)) a n c j j n v e s c j g a t ; j o n s f rom which it was not possible to extract the 
clinicall data ^ ^ ^ ) . 
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TableTable 3 - R a n d o m i z e d c l i n i c a l t r i a l s c o m p a r i n g l o w - m o l e c u l a r w e i g h t h e p a r i n ( L M W H ) w i t h 

u n f r a c t i o n a t e dd h e p a r i n ( U F H ) o r p l a c e b o i n t h e t r e a t m e n t o f p a t i e n t s w i t h a c u t e m y o c a r d i a l 

i n f a r c t i o nn ( A M I ) , u n s t a b l e a n g i n a ( U A P ) o r n o n - Q w a v e i n f a r c t i o n ( n o n - Q ) a n d i s c h e m i c 

s t r o k ee ( I S ) . 

Study y 

(Ref.) ) 

Year r 
Patien n 

ts s 

numb b 
er r 

diagnosis s 

LMWH H 

Type e Dose e 
Frequen n 

UFH H Aspirin n 

(mg/day) ) 

Lengt t 
h h 

(days) ) 

Folluw w 
up p 

(days) ) 

Myocardial Myocardial 

Infarction Infarction 

Ba i rde ta l (42 )) 1998 300 400 mg 
2-2.55 x 
aPTT T 4;6;90 0 

Kontnyeca l (43)) 1997 776 dalteparin n 
1500 aXa U/ 

Unstable Unstable 

Angina Angina 

FRISC(30) ) 19966 1506 
UAP/m m 

Q Q 
daltepa a 

1200 aXa U7 

kg g 

6;40;15 5 
0 0 

Gurfinkell et al 
(51) ) 

Suvarnaa et al (53) 

1995 5 

1997 7 

138 8 

40 0 

UAP P 

UAP P 

nadropari i 
n n 

tinzaparin n 

75000 aXa U 

2 1 4 a X a U / / 

kg g 

855 aXa U/kg 

od d 

bid d 

bid d 

2xaPTT T 

2xaPTT T 

2 0 0 * * * 

1 6 0 * * * 

6-35/ / 
45 5 

7 7 

5 5 

7 7 

5 5 

FRIC(33) ) 19977 1482 
UAP/non-- , , 1 2 0 a X a U / 

__ dalteparin . 
QQ ko 

bid d 

75000 aXa U od 

1.5aPTT T 

placebo o 

75--
1 6 5 * ' ' 66 6 

6-455 6-45 

ESSENCEE (50) 1997 3171 U A P n - e n a r i , bid d 2 x a P T T T 
100--

325* * * 
2-88 2;14;30 

TIMII 11 B(32) 1998 3910 
UAP/non--

Q Q 
11 mg/kg bid 

40-600 mg bid 

1.5-2.5 5 
aPTT T 

placebo o 

100--
325** * 3-88 3;14;43 

8-43 3 

FRAXIS(52)) 1998 3468 U A P ' n 0 n - n a d r o P a r i 87 aXa U/kg bid 2 x aPTT J ™ " . 6 6;14;90 

nadropari i 
877 aXa U/kg 

Ischemic Ischemic 

Stroke Stroke 

FISS***** (33) 

FISS-bis"*** (34) ) 

1995 5 

1998 8 

207 7 

495 5 

IS S 

IS S 

nadropari i 
n n 

nadropari i 
n n 

41000 aXaU 

866 aXa U/kg 

bid d 

bid d 

1 0 0 * * * * 

1 0 0 * * * * 

10 0 

10 0 

10;90; ; 
180 0 

10;90; ; 
180 0 

TOASTT (54) ISS d a n a p a r 0 i tier. 0,6-0,8 
d d 

aXaa U/ml 

7;90 0 

A s p i r i nn t r e a t m e n t s t a r t e d a f t e r 7 d a y s * , i m m e d i a t e l y * * , o r a f t e r 1 0 d a y s * * * . 

* * * * F o rr t h e s e s t u d i e s , o n l y t h e h i g h e s t d o s e o f L M W H ( e q u i v a l e n t t o t h e r a p e u t i c d o s e ) is a n a -

l y s e d . . 

Inn addit ion, two other studies in which LMWH therapy was commenced 
afterr five days ' ' or only a bolus dose o f LMWH was administered ' ', 
weree not included. 
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O ff the two remaining studies ' ' ', one tr ial , comparing LMWH with UFH 
suggestedd a beneficial effect in terms o f reinfarction for LMWH (Table 4). 
Also,, the incidence of cardiac death upon longer fol low-up appeared to be 
reducedd by LMWH treatment. Similar rates o f major bleeding were 
observed.. However in a large study comparing LMWH with placebo for the 
developmentt of left ventricular thrombus formation in patients with 
anteriorr myocardial infarction, no evidence was found for an improved 
efficacyy o f LMWH in these patients, while a clear increase in the rate o f 
clinicallyy relevant bleeding was observed (Table 4). 

TableTable -4 - Incidences and odd ratios of reinfarction, cardiac death, and major bleeding complications 
duringg therapy of two studies comparing low-molecular weight heparin (LMWH) with 
unfractionatedd heparin (UFH) or placebo in patients with acute myocardial infarction 

Study y 
Dayy o f 

assessment t 

LMWH H 

(n /N) ) 

Reinfarction n 

UFHH Odds Ratio 

(n /N)) (95% C.I.) 

0.51 1 

LMWH H 

(n /N) ) 

Cardiacc death 

UFHH Odds Ratio 

( n /N )) (95% C.I.) 

Majorr bleeding du 

LMWHH UFH 

(n/N)) (n /N) 

ingg therapy 

Oddss Ratio 

(95%% C.I.) 

66 days 10/149 20/151 (0.27-1.05) 6/149 6/151 5/149 6/151 
etal(42>> ( ' (0.32-3.22) (0.25-2.81) 

0.744 0.57 
900 days 22/149 30/151 9/149 16/151 

(0.43-1.23)) (0.26-1.25) 

LMWHH Placebo Odds Ratio LMWH Placebo Odds Ratio LMWH Placebo Odds Ratio 

(n /N)) (n /N) (95% C.I.) (n /N) (n /N) (95% C.I.) (n /N) (n /N) (95% C.I.) 

Kontnvv 7 5 1 0  1 1

,("i),("i) 9 d a / s 6 / 3 8 8 8 ' 3 8 8 23/388 23/388 11/388 1/388 
« a | 11 ' (0.26-2.15) (0.55-1.81) (1.43-84.0) 

Unstablee angina, Non Q-wave infarction 

AA total o f 13 studies, evaluating LMWH in the treatment o f patients with 
acutee unstable angina or non Q-wave infarct ion, were identified. Six o f 
thesee studies were excluded from the analysis for the fol lowing reasons: 
dose-findingg study ' ', duplicate reports ' ' ' ' and reports with the 
inabilityy to extract the relevant clinical data ' ' ' . O f the remaining seven 
studiess one compared LMWH with placebo treatment ' ', while the other 
studiess compared LMWH with UFH (31>32,50-53) T h e p | a c ebo-cont ro l led 
FRISCFRISC study evaluated 6 days o f a therapeutic dose o f LMWH, followed by 
355 to 45 days with a prophylactic dose. The details with respect to 
recurrentt angina, myocardial infarction, death and major bleeding are 
givenn in Table 5. After 6 days o f fol low-up there was a clear reduction in 
bothh recurrent angina and myocardial infarction in the LMWH recipients, 
whilee the incidence o f major bleeding was low and comparable in the two 
studyy groups. Also, after 40 days o f fol low-up a significant reduction in 
cardiacc events was apparent, although a decrease in the absolute difference 
wass observed. 
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TableTable 5 - Incidences and odd ratios of recurren: angina, myocardial infarction, death, death or 
myocardiall infarction, and major bleeding complication during therapy of the F-RISC study 
comparingg LMWH with placebo in patients with unstable angina or non-Q wave infarction. 

Recurrent t 
Angina a 

Myocardial l 
Infarction n 

Deathh (all) 

Deathh or M.I. 

Majorr Bleeding 

66 days 

LMWHH (n/N) 

28/741 1 

Placeboo (n/N) 

58/757 7 

Oddss Ratio 
(95%% C.I.) 

400 days 

LMWHH (n/N) 

0.49(0.30--
0.80)) 6 V 7 3 8 

10/7411 33/757 0.31(0.14-0.66) 49/738 

7/741 1 

13/741 1 

8/757 7 

36/757 7 

0.89(0.32--
2.45) ) 

0.37(0.18-0.73) ) 

19/738 8 

59/738 8 

6/7466 4/760 | 1.S3 (0.43-5.39) 2/619 

Placeboo (n/N) 

101/755 5 

72/755 5 

23/755 5 

81/755 5 

2/614 4 

Oddss Ratio 
(95%% C.I.) 

0.622 (0.44-
0.87) ) 

0.70(0.49--
0.98) ) 

0.85(0.44-1.63) ) 

0.75(0.52-1.07) ) 

0.99(0.14-7.02) ) 

Inn the analysis o f the remaining 6 studies, the assessment o f efficacy 
(incidencess o f recurrent angina, myocardial infarction, death, death or 
myocardiall infarction and urgent revascularisation) was limited for the 
ESSENCE,, T IMI 11 B and the FRAXIS studies to the 14 day outcome, while 
forr the other studies the 5 to 8 day outcomes were analysed (Table 3). For 
thee FRAXIS study, only the treatment arm with LMWH for six days is 
included.. For the assessment o f safety, the incidence o f major bleeding 
duringg exposure to LMWH or UFH is presented. 

Tablee 6 describes the efficacy and safety outcomes o f the analysed studies 
andd also shows the common odds ratios. Concerning the incidences o f 
recurrentt angina, acute myocardial infarction and the need for urgent 
revascularisationn a trend is observed in favour o f the LMWH treated 
patientss as compared to UFH recipients. The pooled odds ratio for 
recurrentt angina, myocardial infarction and the need for urgent 
revascularisationn were 0.88 (95% C.I. 0.76-1.01); 0.84 (95% C.I. 0.69-
1.01);; 0.83 (95% C.I. 0.70-0.99) respectively. The occurrence o f death was 
comparablee in the two treatment groups with an odds ratio o f 0.98 (95% 
C.I.. 0.75-1.27). Five studies reported on the safety during treatment with 
LMWHH or UFH. The risk of major bleeding was comparable in both 
treatmentt groups (odds ratio o f 1.09; 95% C.I. 0.76-1.56). 
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66 - Incidences and o d d rat ios o f recurrent angina, myocard ia l i n fa rc t i on , dea th , the c o m b i n a t i o n 

o ff death or myocard ia l i n fa rc t i on , urgent revascular izat ion, and m a j o r b leeding 

comp l i ca t i onss du r i ng ; to 14 days o f f o l l ow-up in the ind iv idua l studies, as wel l as 

thee c o m m o n o d d rat ios in the tr ials compar i ng low-molecu lar we igh t hepar in w i th 

un f rac t iona tedd hepar in in pat ients w i th unstable angina or n o n - Q wave in fa rc t ion . 

Stud y y 

Study y 

Stud y y 

R e c u r r e n tt  a n g i n a 
LMW H H 

n/H H 

UFH H 
n.H H 

M y o c a r d i a ll  i n f a r c t i o n 
LMWHH UFH 

n/HH n/H 

D e a t h h 
LMW H H 

n/H H 

UFH H 
n/H H 

OR R 
(95%CII Fixed ) 

OR R 
(95%CII Fixed ) 

OR R 
(95%CII  Fixed) 

OR R 
(95%CII Fixed ) 

Essencee 1998 

Fraxiss 1998 

Fricc 1997 

Suvarnaa 1997 

Total(95%CI) ) 

207 /1607 7 

160 /1166 6 

455 / 751 

44 / 20 

4166 / 3544 

243 /1564 4 

169/1151 1 

399 / 731 

457 /3466 6 

0.80(0.66,0.98] ] 

0.92(00 73,1.17] 

1.13(0.73,1.76] ] 

0.58(00 14,2.50] 

0.88[C.7S11.C1] ] 

OR R 
(95%CII Fixed ) 

Essence e 

Fraxis s 

Fric c 

xx Suvarna 

Timii 118 

Total(95%CI) ) 

511 /1607 

5 2 / 1 1 6 6 6 

1 9 / 7 5 1 1 

0 / 2 0 0 

833 /1953 

205 /5497 7 

70 /1564 4 

43 /1151 1 

233 / 731 

0 / 2 0 0 

104/1957 7 

240 /5423 3 

-m--m-

-B--

0.70(0.48,1.01] ] 

- a —— 1.20(0.80.1.82] 

—— 0.80(0 43.1.48] 

Nott Estimable 

0.79(00 59,1.06] 

0.84(0.69,1.01] ] 

OR R 
(95°iCII  Fixed) 

Fraxis s 

Fric c 

xx Gurtinkel 

xx Suvarna 

Timii 11B 

Total(95%Ci) ) 

366 /1607 

2 3 / 1 1 6 6 6 

111 /751 

0 / 6 8 8 

0 / 2 0 0 

4 3 / 1 9 5 3 3 

1 1 3 // 5565 

366 /1564 

20 /1151 1 

3 /731 1 

0 / 7 0 0 

0 / 2 0 0 

55 /1957 7 

114/5493 3 

- B --

0.97(00 61,1.55] 

1.14(00 62,2.06] 

Nott Estimable 

Nott Estimable 

00 78(0.52,1 17] 

00 98(0 75,1.27] 

Stud y y 

D e a t hh o r m y o c a r d i a l i n f a r c t i o n 
LMW HH UFH 

n/HH n/H 
OR R 

(95%CII  Fixed) 

OR R 
(95%CII Fixed ) 

Essencee 1998 

Fraxiss 1998 

Fricc 1997 

Gurtinkell 1995 

Suvarnaa 1997 

Timii 11B1999 

799 /1607 

62/1166 6 

29/751 1 

0 /63 3 

4 /20 0 

1111 /1953 

96 /1564 4 

52/1151 1 

26/731 1 

4 /70 0 

6/20 0 

134/1957 7 

Total(95%CI)) 285 / 5565 318 / 5493 

Testt for heterogeneity chi-square=6.03 dt=5 p=0.3 

Testt for overall effect z=-1.53 p=0.13 

00 79(0 58,1 07] 

11 19(0.81.1.73] 

11 09(0 64,1 87] 

0.11(0.01,2.04] ] 

00 58(0.14,2.50] 

00 82(0 63,1 06] 

0.88(00 75,1 04] 
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TableTable 6 - continued. 

Urgen tt  revascularizatio n 

Stud y y 

Timii 11B 

Total(95%CI) ) 

LMWH H 
n/H H 

23 /1166 6 

36 /751 1 

11 / 68 

11 /20 

187 /1953 3 

2488 / 3958 

UFH H 

23 /1151 1 

399 / 731 

217/1957 7 

2933 / 3929 

OR R 
(95%CII Fixed ) 

m m 

OR R 
(95%CII Fixed ) 

0.99(0.55,1.77] ] 

0.89(0.56,1.42] ] 

0.08(0.01,0.64) ) 

030(00 03,315) 

00 85(0 69,1 04] 

0.83(00 70,0 99) 

Majorr  bleedin g 

Stud y y 

xx Suvarna 1997 

Timii 11B 1999 

Tctal(95%CI) ) 

LMW H H 
n i l l 

8 /1166 6 

8 / 7 5 1 1 

0 / 6 8 8 

0 / 2 0 0 

29 /1938 8 

45 /3943 3 

UFH H 
n i l l 

13 /1151 1 

77 / 731 

0 / 2 0 0 

19 /1936 6 

411 / 3908 

OR R 
(95%CII Fixed ) 

OR R 
(95%CII Fixed ) 

0.60(0.25,1.46] ] 

1.111 [0.40,3.09] 

0.20(0.01.4.24] ] 

Nott Estimable 

11 53(0.86,2 74] 

11 09(0 71,1.661 

Thee assesment of efficacy was limited for the ESSENCE, TIMI 11 B, and FRAXIS studies to the 14 day 

outcome,, while for the other studies the 5-8 day outcome were analysed. For the FFvAXIS study, only the 

treatmentt arm with LMWH for six days is included. For the assesment of safety, the incidence of major 

bleedingg during exposure to LMWH of UFH is presented. 

Acutee Ischemic Stroke 

Threee randomised studies evaluating LMWH versus placebo in the 
treatmentt o f acute ischemic stroke were identified and found eligible for 
analysiss (33-34-54) (Table 3). Several other studies evaluated LMWHs in the 
preventionn o f venous thrombosis in patients with ischemic stroke have been 
publishedd ( "' '. Although some o f the publications contain data on 
deathh and recurrent stroke, this was not the primary aim o f the 
investigation.. Furthermore, these studies evaluated a prophylactic dose o f 
LMWHH and therefore these trials were not included in the present analysis. 
Also,, one dose-finding study was not included in the analysis ' '. The 
incidencess and odds ratio's o f recurrent stroke, death due to stroke, death 
andd disability and major bleeding complications o f the individual studies, 
ass well as the common odds ratio's, are detailed in Table 7. 
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TableTable 7 - Incidences and odd ratios of recurrent stroke, death due to stroke, death or disability, and 
majorr bleeding complications at various time points of follow-up in the individual studies, as 
welll as the common odd ratios in the trials comparing low-molecular weight heparin with 
placeboo in patients with acute ischemic stroke. 

Study y 

Recurre e 

Recurrentt stroke 10 days 

FISSS 1995 

FISS-BISS1998 8 

TOASTT 1998 

Subtotal(95%C0 0 

ntt stroke 
LMWH H 

n i l l 

3/102 2 
3/245 5 
7/638 8 

13/985 5 

UFH H 

nil l 
OR R 

<95%CII Fixed ) 

OR R 

(95%CII Fixed ) 

6/105 5 
9/250 0 
8/628 8 
23/983 3 

Recurrentt stroke 3 months 

TOASTT 1998 

Deathh due to strok e 

00 50(0 12,2.06] 

0.33(00 09.1 24] 

0.86(0.31,2.39] ] 

0.56(0.28,11 12] 

00 68(0.41,1 13) 

S tudy y 

ii Death due to stroke 10 days 

Deathh due to stroke 3 months 

Subtotal(95%CI) ) 

Deathh due to stroke 6 months 

FISS-BISS1998 8 

Subtotal(95%CI) ) 

LMWH H 
n/H H 

1 0 / 1 0 0 0 

9 / 6 3 8 8 

1 9 / 7 3 8 8 

700 / 245 

833 / 345 

UFH H 
m i l l 

13 /105 5 

1 2 / 6 2 8 8 

255 / 733 

6 8 / 2 5 0 0 

888 / 355 

OR R 
(95%CII Fixed) 

_ _ 
H H § --

OR R 
(95%CII Fixed) 

0.76(0.25,22 271 

0.79(0.33,1.88] ] 

00 73(0 31,1 76] 

00 76(0.41,1.41] 

0.64(0.30,1.36) ) 

11 07(0.72,1.59] 

00 96(0.68,1.35) 

Withh respect to the risk o f recurrent stroke at 10 days o f fol low-up, there is 
ann indication that LMWH may be effective in the reduction o f this event 
althoughh it does not reach statistical significance (odds ratio 0.57; 95% 
C.I.. 0.29-1.11). It remains unclear whether this effect is maintained during 
longerr fol low-up. All studies evaluated death or disability at three months 
o ff fol low-up and this appeared to be equivalent between the two treatment 
regimenss (odds ratio 0.94; 95% C.I. 0.78-1.15). However, the risk o f major 
bleedingg complications during LMWH treatment was significantly 
increasedd in the LMWH recipients (odds ratio 2.92; 95% C.I. 1.88-4.55). 
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TableTable 7 - continued. 

Stud y y 

Deathh or disabilit y 
LMWH H 

ni l l 
UFH H 

n.'H H 

ORR OR 
(95%CII Fixed ) I Fixed ) 

Deathh or disability 10 days 

TOASTT 1998 

Deathh Of disability 3 months 

FISS1995 5 

FISS-BISSS 1998 

TOASTT 1998 

Subtotal(9S%CI) ) 

Deathh or disability 6 months 

FISS1995 5 

FISS-BISSS 1998 

Subtotal(95%CI) ) 

2599 / 635 

533 /100 

1555 / 239 

1599 / 641 

367 /980 0 

4 5 / 1 0 0 0 

145/245 5 

190/345 5 

289/633 3 

67/105 5 

1477 / 241 

167/634 4 

3811 /980 

68/105 5 

145/250 0 

2133 / 355 

- S --

^ ^ 

00 82(0.66,1.02] 

0.64(0.37,1.12] ] 

11 18(0.81,1 71] 

0.92(0.72,1.19] ] 

0.94(00 78,1 15] 

00 45(0 25,0.78] 

1.05(0.73,11 50] 

00 82(0 61,1.10] 

Stud y y 

Majorr bleeding 
LMW H H 

n.'H H 

UFH H 
n.H H 

OR R 
(95%CII Fixed ) 

OR R 
(95%CII Fixed ) 

FISS1995 5 

FISS-BISSS 1998 

TOASTT 1998 

Totalf95%CI) ) 

11 .'102 

24/245 5 

37/638 8 

33 /105 

7/250 0 

100 / 628 

3.25(11 95,5.42] 

D i s c u s s i on n 

Thiss systematic review aimed to assess the overall efficacy and safety o f 
LMWHss compared to either UFH or placebo in the acute treatment of 
variouss venous and arterial thrombot ic conditions. Wi th the exception o f 
thee use o f LMWHs in patients with acute ischemic stroke, where the 
benefit/riskk ratio appears to be negative as compared to placebo, our 
analysess indicate that LMWHs are at least as effective and safe, and 
sometimess superior to UFH, in patients with venous thromboembol ism 
andd acute unstable coronary syndromes. Furthermore, LMWHs offer the 
addit ionall benefit that they can be given subcutaneously and that there is 
noo need for laboratory monitor ing, since the dose is based on bodyweight 
alone. . 

Inn patients with venous thromboembol ism, our analyses included data 

fromm 13 randomised trials that investigated fixed-dose subcutaneous 

30 0 



Heparinss in Th rombot i c Diseases 

LMWHH as a substitute for dose-adjusted intravenous UFH. LMWH was 
associatedd with a trend, albeit non significant, in reduction o f the 3-month 
clinicallyy overt recurrent venous thromboembol ism (Table 2). This is 
consistentt with a better result observed in the LMWH treated patients 
comparedd with UFH treatment using substitute outcomes such as a 
repeatedd venogram after one week o f treatment, though clinical outcomes 
suchh as recurrent venous thromboembolism and mortal i ty are preferred 
(( '. The risk o f major bleeding during exposure was significantly lower in 
thosee treated wi th L M W H . Interestingly, the 3-month mortal i ty rates were 
lowerr in the LMWH recipients, which is mainly explained by a reduction o f 
mortalityy in patients with co-existing ranrer (61). This observation requires 
prospectivee investigation. 

LMWHss as an adjunct treatment in patients with acute myocardial 
infarctionn has only been investigated in a limited number o f properly 
designedd comparative trials (Table 4). At present, the available data do not 
alloww a conclusion about the role o f LMWHs in this indication. 

Inn patients with acute unstable coronary syndromes, we analysed the data 
fromm seven available randomised studies. The single placebo-controlled 
triall indicated that LMWH reduces the risk o f recurrent angina and 
myocardiall infarction, which further supports the concept that inhibit ion 
o ff thrombin formation is beneficial in this category o f patients (Table 5). 
Thee six studies comparing fixed-dose subcutaneous LMWHs with dose-
adjustedd intravenous UFH indicate that LMWHs lower the incidence o f 
recurrentt angina, myocardial infarction, urgent revascularisation and the 
combinedd outcome o f death or myocardial infarction during the first 5 to 
144 days. Although the relative reductions were comparable for all these 
outcomes,, the analysis was only statistically significant for urgent 
revascularistionn (Table 6). It should be noted that the present analysis was 
limitedd to the short-term treatment, however the available data on 
prolongedd administrat ion o f L M W H , i.e. for several weeks, did not reveal 
ann addit ional benefit (31-32-52). 

Thee risk o f major bleeding with LMWH was similar to UFH treatment in 
thiss patient category. 

Althoughh the three available studies in patients wi th acute ischemic stroke 
suggestt a tendency to a lower risk o f recurrent stroke wi th the use o f 
LMWHH instead o f placebo, there is no beneficial effect in the clinically 
moree relevant outcome o f death or disability after 3 months (Table 7). The 
observedd almost three fold higher risk o f major bleeding in LMWH 

31 1 



Heparinss in Th rombot i c Diseases 

recipientss further limits the utility o f this treatment modality in patients 

presentingg with acute ischemic stroke. 

Severall issues regarding the methodology and the concepts underlying our 
revieww warrants comment. Although at least eight different LMWH 
preparationss were evaluated in the various studies, our analysis did not 
distinguishh between these compounds. We believe that this approach is 
appropriatee since the various studies do not indicate that relevant 
differencess among the LMWH preparations used exist. Although some 
analyses,, in particular in patients with unstable coronary syndromes, 
suggestt a difference between the LMWH preparations, it is more likely that 
thiss is the result o f differences in study design, in particular the duration 
andd quality o f unfractionated heparin administrat ion. Hence, we prefer to 
seee low molecular weight heparins as a class o f drugs. Some studies in 
patientss with acute unstable coronary syndromes have reported on 
compositee outcomes. We limited our analysis to the individual outcomes 
andd only combined death and myocardial infarction. This is due to the fact 
thatt the reported studies did not allow a separate analysis o f combinat ion 
o ff components o f the composite outcomes. The results obtained with the 
presentt analysis should be seen as the current state o f affairs. Several large 
clinicall trials currently recruiting patients may change our conclusions 
aboutt the efficacy and safety o f the use o f LMWHs in venous or arterial 
thrombot icc disease. LMWHs are a new class o f ant i thrombot ic drugs that 
havee pharmacokinetic advantages over UFH. If the findings o f the present 
analysiss are further substantiated, it is very likely that fixed-dose 
subcutaneouss LMWH will replace dose adjusted intravenous UFH in the 
treatmentt o f patients with acute venous and arterial thrombot ic disease. 
Whetherr LMWHs are beneficial in patients with acute ischemic stroke is 
uncertain. . 
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Loadingg dose of LMWH in ACS patients 

Summary y 

ObjectiveObjective - We quantif ied the impact on coagulation o f two different low-
molecularr weight heparin regimens currently used in the treatment o f acute 
coronaryy syndromes (ACS). 

BackgroundBackground - Although low-molecular weight heparin (LMWH) is 
currentlyy the standard o f treatment in ACS, it is unclear i f an initial 
intravenouss (IV) loading dose should be added to a subcutaneous (SQ) 
regimen.. We performed a randomized comparison o f IV plus SQ versus SQ 
alonee regimen and quantif ied the impact on the coagulation system in ACS 
patients. . 

MethodsMethods - A total o f 25 patients admitted with ACS were randomised to IV 
pluss SQ enoxaparin (n=14) or SQ alone enoxaparin treatment (n = 11). 
Severall coagulation markers were determined at nine t imepoints during the 
firstt 24 hours after treatment start. 

ResultsResults - IV plus SQ immediately resulted in therapeutic anti-Xa levels 
whichh remained significantly higher up to 6 hour post-administration 
comparedd to SQ alone, wi thout achieving excessively high levels. This was 
associatedd with a rapid decrease o f plasma levels prothrombin fragments 
F1+22 as soon as 5 minutes after IV injection (33% lower; p=0.007), and 
thesee levels remained lower up to 2 hours after treatment start compared 
too SQ alone. The ex-vivo thrombin generation time reached maximum 
levelss at 5 minutes post-injection in the IV plus SQ group and remained 
significantlyy prolonged up to 6 hours post-administration compared to SQ 
alone.. TFPI plasma activity was immediately increased by 194% with IV plus 
SQQ while the maximum increase in the SQ alone was 47% at 3 hours. 

ConclusionConclusion -Therapeutic plasma levels o f enoxaparin are achieved 
significantlyy more rapidly by a combined IV plus SQ regimen compared to 
SQQ alone, wi thout leading to unacceptably high levels o f anticoagulation. 
Ass the risk o f thrombot ic complications is greatest in the early hours after 
admission,, the observed differences in thrombin generation suppression 
mayy well translate into clinical benefit. 

Introduction n 

Low-molecularr weight heparins (LMWH) are now routinely used in the 
initiall treatment o f patients admitted with acute coronary syndromes 
(ACS).. However, there is no uniformity regarding the init iation of L M W H , 
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bothh in clinical trials and in clinical practice. In several trials' " ', treatment 
wass initiated by subcutaneous injection (SQ) on admission. In contrast, 
otherr trials* ' ' used a combined regimen, wi th an intravenous (IV) loading 
dosee followed by SQ administrat ion. An intravenous loading dose may 
benefitt these patients, as the highest event rates are observed early after 
admission.. However, this combined regimen results in higher initial plasma 
drugg levels, potentially increasing the risk o f bleeding. No studies have 
comparedd these regimens. 

Therefore,, we quantified the impact on the coagulation system in patients 
admittedd wi th ACS in a randomized comparison between these two 
regimens. . 

Methods s 

Patientt selection and treatment 

Patientss admitted to the Coronary Care Unit at the Academic Medical 
Centerr in Amsterdam, The Netherlands, with a diagnosis o f unstable 
anginaa or non Q-wave myocardial infarction were eligible. Not included 
weree patients using anticoagulants including heparin or warfarin, or 
antiplatelett agents other than aspirin (i.e. clopidogrel, NSAIDS). 

Afterr informed consent, patients were randomized to 40 mg IV enoxaparin 
combinedd with SQ enoxaparin or SQ enoxaparin alone. In the combined 
group,, subcutaneous enoxaparin was administered within 2 minutes after 
thee IV dose. 

Basedd on a standard dose o f 1 mg/kg, the fol lowing SQ dose o f enoxaparin 
wass administered twice daily: 60 mg if the bodyweight was less than 70 kg, 
800 mg i f between 70 - 90 kg, and 100 mg i f above 90 kg. Aspirin was dosed 
att 100 mg once daily. 

Bloodd sampling 

Ninee blood samples were obtained from a dedicated IV catheter during the 
firstt day o f admission: before administration o f enoxaparin, at 5 minutes, 
andd 1, 2, 3, 4, 6, 8, and 24 hours after enoxaparin start. The first 2 ml 
bloodd was discarded, and 9 ml blood was collected in citrated Vacutainer 
tubess (4.5 ml. cit. Na - 0.105 M Silic. 1-10). Blood was centrifuged at 2200 
gforgfor 20 minutes at 6 . Plasma was separated and filled out in cryocups 
andd frozen at - 80 C until analysis was performed. These procedures were 
completedd within one hour after blood sampling 
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Assays s 

Anticoagulationn levels were determined by an anti-factor Xa determination 

wi thh a chromogenic assay (Chromogenix) calibrated against enoxaparin. 

Too measure in-vivo thrombin generation, prothrombin fragment 1 + 2 
(F-|+2)) plasma concentrations were determined by sandwich-type ELISA 
assayy (Dade-Behring, Marburg, Germany). Additionally, the thrombin 
generationn time (TGT) was determined, reflecting ex-vivo thrombin 
formationn using calcium and recombinant human tissue factor (Dade, 
Innovin).. Results were measured spectrophotometrically and expressed as 
TT 1/2 max (time to reach the midpoint o f clear to maximal turbid density). 

Tissuee factor pathway inhibitor activity (TFPI), a natural anticoagulant, 
wass quantif ied by a sandwich-type ELISA from Behring (Marburg, 
Germany). . 

Statisticall analysis 

Differencess between the groups were identified using ANOVA analysis. An 
areaa under the curve (AUC) between time-points 0 hours and 8 hours was 
calculated,, and compared using an independent sample r-test. Differences 
betweenn time points within a group were compared using a paired samples 
r-test. . 

Resul ts s 

Baselinee characteristics 

O ff the 25 patients randomized, 14 received IV plus SQ enoxaparin (IV plus 
SQQ group) and 11 SQ enoxaparin alone (SQ group). Baseline 
characteristicss o f the two groups were comparable (Table 1). 

Duringg the first 24 hours o f treatment, no bleeding complications 
occurred.. Six patients in the IV plus SQ group and two patients in the SQ 
groupp had recurrent anginal symptoms, o f which only 3 patients had 
accompanyingg ischemic ECG changes (1 IV plus SQ and 2 SQ patients). In 
bothh groups 1 patient underwent coronary angiography, and 1 
revascularizationn was performed (IV plus SQ group). 
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TabicTabic 1 - Baseline characteristics 

s.c.. alone group i.v. group 

Female,, n (%) 
Age,, years  s.d. 
BMI.. kcf/m2 

Diabetes,, n (%) 
Smoking,, n (%) 
Hyperlipidaemia,, n (%) 
Hypertension,, n (%) 
Historyy o f coronary disease 

Stablee Angina 
Unstablee angina 

nn (96) 

Myocardiall infarction 
Angioplasty y 
CABG G 

Aspirinn use on admission, n (%) ) 
STT elevation and/or depression on 
admission,, n (%) 

( n - 1 1 ) ) 

4 ( 3 6 ) ) 
63+13 3 
28.4 4 
2 ( 1 8 ) ) 
0 ( 0 ) ) 
4 ( 3 6 ) ) 
6 (55 ) ) 

6 ( 5 5 ) ) 
2 ( 1 8 ) ) 
3 ( 2 7 ) ) 
2 ( 1 8 ) ) 
2 ( 1 8 ) ) 
9 ( 8 2 ) ) 

4 ( 3 6 ) ) 

( n - 1 4 ) ) 

5 ( 3 6 ) ) 
63+10 0 
26.5 5 
1 ( 7 ) ) 
4 ( 2 9 ) ) 
6 ( 4 3 ) ) 
6 ( 4 3 ) ) 

4 ( 2 9 ) ) 
4 ( 2 9 ) ) 
2 ( 1 4 ) ) 
3 ( 2 1 ) ) 
1 ( 7 ) ) 
7 ( 5 0 ) ) 

7 ( 5 0 ) ) 

Anticoagulationn levels 

Withinn 5 minutes after IV injection o f enoxaparin, mean anti-Xa levels rose 
fromm 0 U/ml to 1.25 U/ml (Figure 1). During the fol lowing hours, levels 
graduallyy decreased to 0.63 U/ml after 8 hours. In contrast, 5 minutes 
afterr SQ alone administrat ion, anti-Xa levels were still undetectable, 
increasingg to 0.30 U/ml after 1 hour, and remained significantly lower up 
too 6 hours compared to the IV plus SQ group. The area under the curve 
betweenn time points 0 and 8 hours was significantly higher in the IV plus 
SQQ group compared to the SQ alone group (p<0.0005). Anti-Xa levels at 
steadyy state (24 hours after baseline) were comparable between both 
groupss 0 U/ml) . 
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FigureFigure 7 - Anti-factor Xa levels during the first 24 hours of treatment with subcutaneously alone (black 
circles)) or intravenous plus subcutaneous (white squares) enoxaparin. Data are presented as 
meann values </- SEM. Dotted lines represents the lower and upper therapeutic range (0.5 U/ 
mll and 1.0 U/ml, respectively). Significant differences (p<0.05) using ANOVA between the 
twoo groups are marked with an asterisk (*). 

In-vitroo thrombin generation 

Higherr initial anti-Xa levels were reflected in the thrombin generation time 
(Figuree 2). A slow increase in TGT was observed after SQ alone injection, 
risingg from 170 seconds at baseline to a maximum o f 738 seconds at 6 
hours.. IV loading resulted in an immediate increase o f TGT to  2000 
secondss 5 minutes after injection, which remained significantly higher 
duringg the first 6 hours compared to SQ alone group. This delay in 
thrombinn generation was reflected in a significant higher AUC in the IV plus 
SQQ group compared to the SQ alone group (p<0.0005). 

In-vivoo thrombin generation 

IVV bolus injection resulted in a rapid decrease o f F1+2, with significantly 
lowerr levels compared to baseline levels as soon as at 5 minutes post-
injectionn (0.76 nmol /L; p<0.0005), which further decreased in the first 24 
hourss to 0.58 nmol /L (Figure 3). In the SQ alone group, 2 hours after 
administration,, F1+2 levels were significantly lower than baseline (p=0.01) 
andd reached the lowest level at 24 hours o f 0.71 nmol/L. 
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Figuree 2 -Thrombin generation time (TGT) during the first 24 hours of treatment with subcutaneously 
alonee (black circles) or intravenous plus subcutaneous (white squares) enoxaparin. Data are 
presentedd as mean values +/- SEM. Significant differences (p<0.05) using ANOVA between 
thee two groups are marked with an asterisk (*). 

Significantlyy lower F1+2 levels between in the IV plus SQ group compared to 
thee SQ alone group were observed at the 5 minutes, 1 hour and 2 hour 
timee points. The AUC between time points 0 and 8 hours was non-
significantlyy reduced by 19% in the IV plus SQ group compared to the SQ 
alonee group (p=0.2). 

In-vivoo natural anticoagulants 

IVV enoxaparin resulted in an immediate increase o f plasma TFPI, tr ipl ing 
thee mean plasma activity from 80% to 294% (Figure 4). Subcutaneous 
alonee administration showed a modest increase o f plasma TFPI activity 
fromm 79% to a maximum of 126% at 3 hours. During the first 2 hours, TFPI 
wass significantly different between the treatment groups. Six hours after 
startt o f treatment, both groups had returned to baseline TFPI levels. A 68% 
higherr AUC in the IV plus SQ group was observed (p=0.1). 
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FigureFigure 3 - Prothrombin fragments 1+2 (F U 2 ) during the first 24 hours of treatment with 

subcutaneouslyy alone (black circles) or intravenous plus subcutaneous (white squares) 
enoxaparin.. Data are presented as mean values +/- SEM. Significant differences (p<0.05) 
usingg ANOVA between the two groups are marked wich an asterisk (*). 

Discussion n 

Ourr study demonstrates that a combined IV and SQ enoxaparin 
administrationn compared to SQ enoxaparin alone as initial treatment o f 
patientss with ACS results in a more rapid inhibit ion of the coagulation 
system.. This is reflected by an immediate decrease o f plasma levels o f in-
vivoo thrombin generation marker F1+2, and o f ex-vivo prolongation o f the 
thrombinn generation time. Intravenous init iation o f enoxaparin treatment 
immediatelyy resulted in therapeutic anticoagulation levels, with anti-Xa 
levelss o f 1.25 U/ml within 5 minutes after administrat ion. Furthermore, an 
immediatee release ofTFPI was observed, tr ipl ing TFPI plasma activity. This 
rapidlyy induced anticoagulant effect remained significantly greater up to 6 
hourss after treatment start compared to the SQ alone enoxaparin regimen. 

Whetherr the reduction in thrombin generation during the first hours o f 
ACSS treatment results in a reduction o f ischemic events cannot be derived 
fromm our study. A retrospective comparison o f trials using SQ LMWhT ' 
withh those using IV plus SQ L M W H ' 4 ' ^ is not reliable because o f the 
differencess in patients and methods. However, patients admitted for ACS 
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Figuree 4. Tissue factor pathway inhibitor activity (TFPI) during the first 24 hours off treatment with 
subcutaneouslyy alone (black circles) or intravenous plus subcutaneous (white squares) 
enoxaparin.. Data are presented as mean values +/" SEM. Significant differences (p<0.05) 
usingg ANOVA between the two groups are marked with an asterisk (*). 

aree at highest risk for ischemic events during the first 24 hours, and the 
CUREE study demonstrated that ant i thrombot ic treatment may impact on 
clinicall events as early as four hours after init iation o f treatment' '. 

Ann immediate and significant increase o f TFPI activity caused by IV 
enoxaparinn was observed. This rapid release could be o f benefit especially 
inn these ACS patients. Coronary plaque rupture exposes subendothelial 
tissuee factor to the circulation' ' ', which is a strong activator o f the 
coagulationn system and local thrombus format ion. TFPI binds to the tissue 
factor-factorr VII complex and inhibits the procoagulant properties o f T F -
fVlla.. TFPI has been shown to reduce TF activity, particularly in human 
atheroscleroticc plaques' '. We observed no depletion ofTFPI activity in the 
IVV plus SQ group as compared to the SQ alone group. 

AA potential disadvantage o f a combined IV and SQ regimen is an increased 
riskk o f bleeding complications. We observed maximum mean peak anti-Xa 
levelss in the IV plus SQ group of 1.25 U/ml 5 minutes after treatment start. 
Thesee levels are comparable with those observed during steady state SQ 
alonee treatment in healthy volunteers (1.2 U/ml) ' 1 0 ) and ACS patients (1.0 
U/ml ;; range 0.9-1.2 U/ml) ' >. Since the therapeutic range o f enoxaparin is 
0.55 U/ml - 1.0 U/ml ' ', patients given an IV loading dose are below this 
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upperr limit within 1 hour after administration (Figure 1). It is therefore 
unlikelyy that maximum anti-Xa levels after 40 mg IV enoxaparin will induce 
ann unacceptable increased risk of bleeding complications. This is 
supportedd by comparison o f the data from the TIMI 11B and ESSENCE 
studies,, using a 30 mg IV plus SQ and SQ alone enoxaparin regimen, 
respectively^^ ' '. The incidence o f minor bleeding during the first 24 hours 
o ff treatment in the IV plus SQ patients was 1.8% versus 2 .1% in the SQ 
alonee patients. Major bleedings occurred in 0.26% versus 0.31% o f the 
patients,, respectively. Both this indirect comparison and our data do not 
suggestt that an initial IV loading dose o f LMWH is associated with an 
excessivee risk o f bleeding that might offset the benefit o f achieving 
therapeuticc drug levels early. 

Inn conclusion, therapeutic drug levels were achieved significantly earlier 
withh combined IV plus SQ treatment compared with SQ alone treatment. 
Thiss resulted in a 2 to 6 hours earlier reduction o f in-vivo thrombin 
generationn marker prothrombin fragment 1+2 levels, a delay in thrombin 
generationn time, and early threefold increase o f plasma TFPI activity 
comparedd to SQ alone enoxaparin. The combined IV plus SQ regimen did 
nott result in unacceptably high anticoagulation levels. This study provides a 
rationalee for a combined IV plus SQ start o f LMWH administration in the 
treatmentt o f ACS patients. This combined regimen may translate into 
clinicall benefit over a SQ alone regimen, although this clinical benefit 
remainss to be determined. 
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Reboundd Coagulat ion after Heparin in ACS 

S u m m a r y y 

ObjectivesObjectives -This study compared rebound coagulation in acute coronary 
syndromee patients after discontinuation o f unfractionated heparin (UFH) 
orr low-molecular-weight heparin (LMWH) . 

BackgroundBackground - Up to a quarter o f patients hospitalized for unstable angina 
experiencee recurrent ischemia after discontinuation o f UFH or LMWH 
therapy,, which may be the result o f rebound coagulation activation and 
subsequentt thrombosis. It is unknown whether UFH and LMWH differ in 
thiss respect. 

MethodsMethods -We randomized 71 patients admitted wi th unstable angina to 
intravenouss UFH or subcutaneous LMWH (dalteparin) and measured 
plasmaa markers o f coagulation before, during, and after treatment. 

ResultsResults - A complete series o f measurements was obtained in 59 patients. 
Plasmaa F-,+2 levels decreased in both groups during treatment. After loss o f 
therapeuticc plasma drug levels, F1+2 increased (within 3 hours) to a 
maximumm level at 12 to 24 hours that was higher than before or during 
treatmentt in both groups (p<0.0001). In both groups, F1+2 levels remained 
higherr than pretreatment up to 24 hrs after discontinuation. Similarly, 
thrombin-ant i thrombinn (TAT) levels exceeded treatment and pretreatment 
levels,, at a slower rate after dalteparin than after UFH. However, after 
dalteparinn a higher peak value o fTAT was observed. 

ConclusionConclusion - Rebound coagulation activation occurs within hours after 
discontinuationn o f both UFH and dalteparin. Wi th both drugs, thrombin 
generationn is significantly greater after treatment than before or during 
treatment.. A longer durat ion or weaning o f treatment, or continuation 
withh another anticoagulant treatment may reduce rebound coagulation 
activationn and ischemic events. 

I n t r o d u c t i o n n 

Thee medical treatment o f patients with non ST-segment elevation acute 
coronaryy syndromes (ACS) includes short-term intensive anticoagulant 
treatmentt for prevention o f thrombot ic occlusion o f the culprit coronary 
artery.. Both unfractionated heparin (UFH) and low-molecular weight 
heparinn (LWMH) treatment result in a 60% reduction o f death or 
myocardiall infarction during hospitalization as compared to placebo' * '. 
However,, approximately 25% of ACS patients suffer from recurrent 
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ischemicc events (death, infarction or need for urgent revascularisation) 
duringg the first 30 days after hospital admission' ' '. Several studies 
indicatee clustering o f these events shortly after cessation o f UFH* " '. In 
thee GUSTO I study' \ including patients with acute myocardial infarction, 
aa marked clustering o f reinfarctions was observed within hours after 
discontinuationn o f UFH infusion. Clinical evidence o f rebound ischemia in 
unstablee angina (UA) patients was first described byTheroux et ar '. In a 
substudyy o f the ESSENCE tr ia l '1 2 ) , ACS patients randomized to UFH or 
enoxaparinn treatment were monitored by continuous ST-segment 
registrationn during the first 48 hours on treatment and the first 48 hours 
afterr treatment. Treatment discontinuation resulted in a significant 
increasee o f ischemic episodes in both groups. 

AA plausible cause o f these recurrent ischemic events after cessation o f 
heparinn is reactivation o f the coagulation system. With the loss o f 
therapeuticc heparin levels, prothrombot ic factors such as thrombin and 
tissuee factor in the culprit lesion o f the coronary artery could reactivate the 
coagulationn system, rapidly resulting in thrombus growth as well as platelet 
recruitmentt with subsequent ischemia. 

Iff rebound coagulation is responsible for recurrent ischemic events after 
UFHH discontinuation, the more gradual plasma clearance of LMWH in 
comparisonn with UFH might avoid or reduce this phenomenon. Clinically 
superiorr results o f LMWH over UFH in ACS patients could partially be 
basedd on such a difference* ' '. To date, a rebound phenomenon has not 
beenn reported for LMWH. 

Wee therefore performed a randomized study to determine whether 
reboundd activation o f coagulation occurs after cessation o f LMWH 
treatment,, and whether this is different from rebound phenomenon seen 
withh UFH. 

Methods s 

Patientt selection 

Consecutivee patients admitted to our Coronary Care Unit for non ST-
segmentt elevation acute coronary syndrome were screened for eligibility. 
Inclusionn criteria were rest angina o f at least 5 minutes in duration and 
eitherr ECG changes compatible with acute ischemia (ST-segment 
depressionn > 0.1 mV in > 2 contiguous leads, T-wave inversion > 0,1 mV, 
transientt ST elevation or new left-bundle-branch block), creatinine-kinase 
MBB (CKMB) levels o f at least twice the normal l imit, or a history o f 
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documentedd coronary artery disease. Excluded were patients with known 
coagulationn disorders, using anticoagulant agents or scheduled to be 
transferredd before the end of the study. 

Informedd consent was obtained from all patients. Randomization was 
performedd with sealed envelopes containing treatment allocation. The 
studyy was approved by the Institutional Review Board o f the Academic 
Medicall Center in Amsterdam. 

Treatment t 

UFHH treatment started with an i.v. bolus o f 5000 U, followed by 
continuouss infusion to reach an aPTT level between 60 and 90 seconds (i.e. 
22 - 2.5 fold increase o f control value). LMWH treatment consisted o f twice 
dailyy s.c. injections 120 lU/kg dalteparin (Fragmin") . All patients received 
aspirinn 100 mg daily. By protocol , patients were treated with study 
medicationn until clinically stable, for at least 48 hours from onset o f 
treatmentt or, if applicable, at least 48 hours after catheterization. 

Addit ionall medication was left to the discretion of the treating physician, 
butt included beta-blockers and i.v. nitroglycerin. Patients underwent 
coronaryy angiography only if they developed severe refractory ischemia. 

Bloodd sampling 

Bloodd samples were collected before start o f study medication, during 
steadyy state anticoagulation (24 hours after start o f study medication), 
andd at 0, 3, 6, 12, 24 and 48 hours after loss o f therapeutic levels o f the 
respectivee heparins. For patients treated with UFH, cessation o f treatment 
wass defined as time o f discontinuation o f the infusion. For patients treated 
wi thh dalteparin, cessation o f treatment was defined as 12 hours after the 
lastt s.c. injection (Figure 1). 

Bloodd samples were obtained through an i.v. infusion system which was 
distall to other systems and not used for medication. At each sampling, the 
firstt 2 ml blood was discarded, and 10 ml was collected in citrated 
Vacutainerr tubes (4.5 ml. cit. Na - 0.105 M Silic. 1-10). Blood was 
centrifugedd at 3000 rpm for 20 minutes at 6 . Plasma was separated, 
pooledd and filled out in cryocups and frozen at - 80 C until analysis was 
performed.. These procedures were completed within one hour after blood 
sampling. . 

52 2 



Reboundd Coagulat ion after Heparin in ACS 

Time e 

FigureFigure 7 - Schematic anticoagulation levels of unfractionaced heparin (UFH) and low-molecular-weight 
heparinn (LMWH) and definition of discontinuation time point for UFH and dalteparin. a. 
lastt dose of dalteparin; b. cessation of UFH, discontinuation time point; c. discontinuation 
timee point for dalteparin. 

Assays s 

Quanti f icat ionn o f prothrombin fragment 1+2 (F 1 + 2 ) , thrombin-
ant i thrombinn complexes (TAT), and plasmin-antiplasmin complexes (PAP) 
wass performed by sandwich-type ELISA assays (Dade-Behring, Marburg, 
Germany).. Upper normal values o f these markers were for F1+2 1.6 nmol /L, 
TATT 4 .6ug/Land PAP 700 u g / L 

Levelss o f heparin activity were determined by a microtiterplate 
chromogenicc anti-factor Xa activity assay (Chromogenix) and calibrated 
againstt UFH or dalteparin. 
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Clinicall outcome 

Recurrentt ischemic events during hospitalization were classified as angina 

withh ischemic ECG changes, angina leading to angiography or 

revascularization,, reinfarction with CKMB rise o f at least twice the normal 

l imit,, and death. 

Statisticall Analysis 

Too determine differences between time points within a treatment group, a 
non-parametricc related samples test (Wilcoxon) was performed for each o f 
thee 8 time points relative to the preceding time point. For comparisons 
betweenn the UFH and dalteparin group, a non-parametric independent 
sampless test (Mann-Whitney U) was calculated. All statistical analyses 
weree performed with SPSS 10.0.7 . To examine the absolute change o f a 
parameterr after treatment cessation, stop values were subtracted from the 
fol lowingg values and were analyzed using a non-parametric independent 
sampless test (Mann-Whitney U). 

Noo formal repeated measurements analyses could be performed because 

thee data were not normally distributed. 

Patientss were excluded from the analysis when more than 2 blood samples 
weree missing, unless this was due to the occurrence o f a recurrent ischemic 
eventt resulting in therapeutic intervention (angioplasty, restart o f 
anticoagulation). . 

Highlyy elevated levels o f F1+2, TAT and PAP were considered as sampling 
errorss with ex-vivo coagulation activation and excluded from the analysis. 
Cu t -o f fva lueswere fo rF 1 + 22 : 8 nmo l /L ;TAT : 50 ug/L; and PAP: 1000ug / 
L.. This resulted in the exclusion o f 1%, 6% and 6% o f the total F1+2, TAT, 
andd PAP samples, respectively. 

Results s 

O ff 71 study patients, 38 were randomized to UFH and 33 to dalteparin. 
Twelvee patients were not included in the analysis due to more than 2 
missingg blood samples. The reasons for incomplete blood sampling were 
transferr to other hospitals (n=4), continuation o f open label UFH or 
LMWHH due to angioplasty or planned CABG (n=6), at patient's request 
(n=1),, or at doctor's request (n=1). 
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Tablee 1 summarizes baseline characteristics o f the 59 included patients. No 
significantt differences between the UFH and dalteparin group were 
observed.. Median duration o f treatment first through last dose was 48 
hourss for UFH patients and 55 hours for dalteparin patients. Patient 
treatedd with UFH had median aPTT levels of 66 seconds at 24 hours after 
star tt  and 68 seconds immediately before discontinuation o f therapy. 

TableTable 2 - Baseline characteristics 

Femalee / male 
Agee (years) 
Weightt (mean in kg) 
Diabetes s 
Smoking g 
Previouss Hyperlipidaemia 

Hypertension n 

Stablee Angina 
Unstablee angina 
Myocardiall infarction 
Angioplasty y 
CABG G 

Aspirinn use 
Angioplastyy during heparin treatment 
Mediann administration o f 
anticoagulan tt  treatmen t (hours ) 

CABGCABG = coronary artery bypass graft, UFH = 

Ul-M M 

nn  (%) 

9 // 20 
63 3 
83 3 
7 ( 2 4 ) ) 
13 (45 ) ) 
6 ( 2 1 ) ) 
11 (38 ) ) 
10 (34 ) ) 
9 ( 3 1 ) ) 
7 ( 2 4 ) ) 
6 ( 2 1 ) ) 
2 ( 7 ) ) 
14 (50 ) ) 
6 ( 2 1 ) ) 

48 8 

aaiteparm m 

n(%) ) 

1 4 // 16 
61 1 
78 8 
7 ( 2 3 ) ) 
111 (37) 
13(43) ) 
13 (43) ) 
16 (53 ) ) 
14 (47 ) ) 
13 (43 ) ) 
12 (40 ) ) 
3 ( 1 0 ) ) 
211 (70) 
7 ( 2 3 ) ) 

55 5 

== unfractionated heparin 

Whilee on anticoagulant treatment 6 UFH and 7 dalteparin patients 
underwentt coronary angioplasty after which treatment was continued for a 
mediann o f 44 hours. 

Thrombinn generation 

Onn admission, but before study medication was started, F1+2 plasma levels 
weree comparable in both groups (Figure 2). During the first 24 hours o f 
treatment,, both UFH and dalteparin significantly decreased F1+2 levels 
(p<0.02),, although dalteparin resulted in a greater decrease compared to 
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F1+22 levels 

1 - 55 i > * ^ 

o o 
E E 
C 0 , 5 5 

0,00 I ' I I I I I 
pree on stop 3 6 12 24 48 

FigureFigure 3 - Median plasma levels of prothrombin fragment 1+2 (F-,. >) before, during and after 
unfractionatedd heparin (UFH) and dalteparin treatment. Black diamond = UFH, white 
squaree = dalteparin. Samples were obtained before treatment start (pre). 24 hours after start 
(on),, at discontinuation of UFH or dalteparin treatment (stop), and at 3, 6, 1 2, 24, and 48 
hourss after discontinuation of treatment (3, 6, 1 2, 24, 48, respectively). Interquartile range 
off the values at the various time points was 0.75 for UFH and 0.56 for dalteparin. 

UFHH (p=0.002). At the end o f the treatment period, F1+2 levels in the 
dalteparinn group were not significantly different from those in the UFH (see 
t imee point "stop") . No significant changes o f F1+2 were observed in the 
UFHH group during the remaining treatment period. In the UFH group, 
treatmentt cessation resulted in a rapid increase o f F-|+2, from 0.74 nmol /L 
too 1.25 nmol /L 3 hours after stopping (p<0.001). This increase persisted 
throughh 6 and 12 hours after stop and reached a maximum level o f 1.48 
nmol /LL at 12 hours. Dalteparin cessation also resulted in an increase o f 
thrombinn generation with similar time to peak levels at 12 hours (1.21 
nmol/L)) after cessation. Compared to UFH, F1+2 levels were lower at 3 and 
66 hours after of dalteparin (p=0.002 and p=0.02, respectively) and 
remainedd lower although the 12, 24 and 48 hours samples were not 
significantlyy different. At 48 hours after treatment discontinuation, F1+2 

levelss in both groups were at a similar level. When we corrected for F1+2 

measuredd at the stop time point, no differences in F-|+2 generation between 
UFHH and dalteparin were observed. Both groups revealed significant 
increasess o f F1+2 levels with a maximum increase o f 0.52 nmol/L at 6 hours 
inn the UFH group and o f 0.61 nmol /L at 12 hours in the dalteparin group 
(bothh p<0.0001 compared to stop values). 
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Comparedd to pre-treatment levels, both groups showed increased F-|+2 

levelss up to 24 hours after treatment discontinuation (p<0.03). 

Thrombin-ant i thrombinn complex formation 

Figuree 3 presents the median plasma levels o f TAT in both groups. Pre-
treatmentt levels were comparable in both groups (7.3 ug/l_ in UFH and 
5.4ug/LL in dalteparin). Dalteparin treatment did not result in changes o f 
TATT levels 24 hours after treatment start, while UFH treatment resulted in 
ann level increase from 7.3 ug/L to 13.8 ug/L (p=0.121), which was 
significantlyy different between both groups (p=0.042). Continuation o f 
ÜFHH treatment restored piaMridTAT levels similar to those in the dalteparin 
groupp at 48 hours after treatment start (7.2 ug/L and 6.1 ug/l_, 
respectively,, p=0.3). 

TATT levels 

pii on stop 3 6 12 24 48 

FigureFigure 4 - Median plasma levels of chrombin-antithrombin complexes (TAT) before, during and after 
unfractionatedd heparin (UFH) and dalteparin treatment. Black diamond = UFH, white 
squaree = dalteparin. Samples were obtained before treatment start (pre), 24 hours after start 
(on),, at discontinuation of UFH or dalteparin treatment (stop), and at 3, 6, 12, 24, and 48 
hourss after discontinuation of treatment (3, 6, 1 2, 24, 48, respectively). Interquartile range 
off the values at the various time points was 15.6 for UFH and 11 9 for dalteparin. 

Whenn treatment wi th UFH was stopped, a rapid increase o f TAT levels was 
observedd at 3 hours reaching a maximum level at 6 hours after 
discontinuationn (20.6 ug/L)- At 1 2, 24 and 48 hours, TAT levels decreased 
too 13.5 pg/L, 12.2ug/L and 4.8 ug/l_, respectively. In the dalteparin group, 
33 hours after treatment stop, a slight increase was observed, with a steep 
increasee at 6 and 12 hours to TAT levels o f 15.2 pg/L and 31.4 pg/L, 
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respectively.. At 24 hours, TAT levels were similar in both groups, and the 48 
hourss levels were comparable with pre-treatment levels. Differences 
betweenn UFH and dalteparin were observed at 3 and 12 hours after 
treatmentt stop (p=0.01 and p=0.004, respectively). When we corrected for 
TATT levels measured at the stop time point, only dalteparin differed from 
UFHH at the 1 2 hour post-treatment time point (p=0.01). 

Fibrinolysis s 

Plasmin-antiplasminn (PAP) levels, an indicator o f f ibrinolytic system 
activity,, are presented in figure 4. Both UFH and dalteparin effectively 
suppressedd the generation o f PAP complexes indicating a decrease in 
fibrinolysiss during treatment (p<0.001), which persisted until treatment 
discontinuation.. Cessation resulted in both groups to marked and 
persistentt increases o f PAP levels that were still rising at 48 hours and were 
significantlyy higher than pre-treatment levels (p=<0.02). 

PAPP levels 

600 0 

_jj 400 

200 0 

pree on stop 3 6 12 24 48 

:: S - Median plasma levels of plasmin-antiplasmin (PAP) before, during and after unfraccionated 
heparinn (UFH) and dalteparin treatment. Black diamond = UFH, white square -
dalteparin.. Samples were obtained before treatment start (pre), 24 hours after start (on), at 
discontinuationn of UFH or dalteparin treatment (stop), and at 3, 6, 12, 24, and 48 hours 
afterr discontinuation of treatment (3, 6, 12, 24, 48, respectively). Interquartile range of the 
valuess at the various time points was 269,2 for UFH and 292,0 for dalteparin. 

Anti-Xaa levels 

Anti-Xaa levels, an indicator for heparin activity, were measured at all time 

pointss and median values are presented in figure 5. There was a significant 
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differencee in anti-Xa levels during steady state treatment between 
dalteparinn (0.74 U/ml) and UFH (0.30 U/ml) treatment (p=0.004). At 
treatmentt stop, anti-Xa levels were comparable, consistent with the 
assumptionn that 12 hours after the last s.c. injection of dalteparin, 
therapeuticc anticoagulation levels are still present. A more gradual decline 
inn anti-Xa level was observed in the dalteparin group, with anti-Xa levels at 
33 and 12 hours of 0.23 U/ml and 0.12 U/ml, respectively (p<0.0001 and 
p=0.266 compared to UFH, respectively). Anti-Xa was nearly undetectable in 
thee UFH group 3 hours after cessation o f infusion (0.01 U/ml). 

anti-Xa a 

66 - Median plasma levels of anti-factor Xa (anti-Xa) before, during and alter unlractionated 
heparinn (UFH) and dalteparin treatment. Black diamond = UFH, white square -
dalteparin.. Samples were obtained before treatment start (pre), 24 hours after start (on), at 
discontinuationn of UFH or dalteparin treatment (stop), and at 3, 6,12, 24, and 48 hours 
afterr discontinuation of treatment (3, 6, 12, 24, 48, respectively). 

Clinicall recurrent ischemic events 

Sevenn patients experienced recurrent angina with ECG changes within 48 
hourss after treatment cessation (3 UFH and 4 dalteparin patients) All had 
beenn were event free during the treatment period. In three patients, 
anticoagulationn therapy was restarted, and one urgent revascularization 
wass performed. None o f the patients died or experienced a myocardial 
infarctionn during the first 48 hours after treatment, although 1 UFH 
patientt died later during hospitalization. Four o f these seven patients 
showedd F-i_2 increases above the upper limit o f normal after 
discontinuationn (>1.6 nmol /L, median peak level o f 6.0 nmol /L) 
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simultaneouss or preceding it up to 6 hours, whereas 28 patients wi thout 
recurrentt angina also showed increased F1+2 levels (median peak level o f 
2.22 nmol /L) . Elevated TAT levels (>4.6ug/L) after discontinuation were 
commonn in both groups (at least at one time point in all but one patient) 
andd levels were similar in patients with and wi thout recurrent angina 
(mediann level o f 33.4 ug/L and 31.7 ug/L, respectively). 

Discussion n 

Thiss study demonstrates that rebound activation o f the coagulation system 
occurss after discontinuation o f both UFH and dalteparin treatment and it 
iss the first to compare the two. We found that the time-course and the 
magnitudee o f this rebound phenomenon was not different for UFH and 
dalteparin.. The peak level o f F1+2 observed after discontinuation o f 
dalteparinn compared to UFH was similar after correction for stop F1+2 

values,, indicating similar absolute increases o f F1+2. After both treatments, 
aa sharp increase in thrombin formation and TAT complexes was observed. 
Thiss was also reflected in plasma PAP complexes which increased out to 48 
hourss after termination o f heparin administrat ion. Remarkably, levels o f 
F1+22 and PAP remained elevated at least 24 hours after treatment was 
discontinued,, and these levels were significantly higher than levels before 
treatmentt was started, suggesting a heparin-induced elevation o f these 
markers. . 

Differencess between UFH and dalteparin were evident during treatment 
whenn dalteparin was more effective in decreasing F1+2 levels. TAT levels 
weree unaffected by dalteparin treatment but in the UFH group a significant 
increasee was observed. In both groups PAP levels decreased. The more 
effectivee suppression o f F1+2 by dalteparin is consistent with the higher level 
o ff anti-Xa activity (Figure 5). Stable UFH levels are usually not reached 
withinn 24 hours while dalteparin results in predictable levels immediately 
afterr treatment is started. This difference is likely reflected in the amount o f 
F1+22 formed. Although one would expect TAT levels would be expected to 
showw a similar pattern, no change was observed with dalteparin treatment 
whilee UFH results in a rise o f these complexes (Figure 3). Although 
subtherapeuticc levels o f anticoagulation will fail to decrease TAT levels, this 
cann not explain the increase o f the plasma levels as seen in the UFH group. 
Therefore,, (LMW) heparin administrat ion may affect TAT complex 
formationn in a different way. 
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Ourr study was too small to detect clinical differences between the 
treatmentt groups. There was no clear relation between clinical recurrent 
anginaa and increases o f F1+2 and TAT. However, peak levels o f F1+2 were 
higherr in patients with recurrent angina (6.0 nmol /L vs 2.2 nmol/L) 
suggestingg that the magnitude o f thrombin generation may contribute to 
thee recurrence o f clinical ischemia. 

Previouss studies. Rebound thrombin generation after discontinuation of 
UFHH has been investigated previously' " '. In a study by Granger et al., 
UFHH cessation resulted in increases o f both F1+2 and f ibrinopeptide A at 3 
too 6 hours' '. Normalization o f all markers to pre-treatment levels was 
observed,, whereas we observed that on iyTAT ieveis decreased LO baseline 
valuess at 48 hours after cessation. Becker et al. found increased thrombin 
generationn as soon as one hour after UFH cessation and further increasing 
att 24 hours' '. Other studies have described that coagulation parameters 
mayy remain elevated during the weeks or even months after the onset (and 
treatment)) o f ACS ( 1 6 "1 8 ) . 

Thrombinn generation observed after discontinuation o f heparin is not likely 
explainedd by returning to the natural course o f the disease. In a FRISC 
substudy,, placebo treated patients showed no significant changes in 
plasmaa F-|+2 levels in the first six weeks after admission' '. 

Potentiall mechanisms. A state o f hypercoagulability after heparin 
treatmentt may be induced by tissue factor pathway inhibitor (TFPI) 
depletion'' '. This l ipoprotein, bound to endothelial cells, is a natural 
anticoagulantt inhibit ing both factor Xa as well as the tissue-factor/fVlla/ 
fXaa complex. Infusion o f heparin releases TFPI from endothelial cells and 
continuedd administration o f heparin may result in depletion o f this 
anticoagulant.. We did not perform endothel ium-bound TFPI 
measurementss since UFH boluses are required for quanti f icat ion of this 
protein.. Secondly, both UFH and LMWH inhibit the generation of 
activatedd protein C (APC) resulting in low levels o f this natural 
anticoagulantt during treatment' '. Cessation o f anticoagulat ion, at low 
APCC levels, may promote rebound coagulation. 

Itt is conceivable that angioplasty would stabilize the culprit lesion and thus 
preventt rebound phenomena. However, in our study 8 o f 13 patients who 
underwentt angioplasty during treatment, discontinuation o f therapy 
resultedd in an increase o f F1+2 above 1.6 nmol /L, suggesting that the 
interventionn may not result in a different rebound pattern. 

Clinicall implications. Rebound thrombotic phenomena have important 

clinicall implications' " '. Several clinical studies have investigated the 
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effectt o f prolonged treatment with either LWMH ( ' ' 'or oral 
anticoagulantt treatment after ACS (22~24). | n the FRISC II study, a subgroup 
o ff ACS patients, who continued dalteparin treatment up to 90 days after 
hospitall discharge, did not benefit from this regimen compared to short 
termm dalteparin' '. However, when high risk patients were selected on the 
basiss o f t roponin T levels and ST-segment shifts on admission, a significant 
reductionn o f death alone or death and myocardial infarction (M l ) at 90 
dayss was obtained' '. It is unclear if our findings with dalteparin can be 
extrapolatedd to other LMWH's. In clinical studies, differences in outcome 
havee suggested that LMWH's are not equally effective' '  '. However, 
variationss in the designs o f the studies may explain these differences, and a 
directt comparison is lacking. There have been no observations on rebound 
coagulationn after discontinuation o f other LMWH's. 

AA recent publication focused on long term oral anticoagulation (OAC) in 
patientss discharged after hospitalization for ACS' '. In patients compliant 
withh the medication, OAC resulted in a reduction o f the combined 
endpointt cardiac death, Ml or stroke (RR 0.68, 95% C.I. 0.48-0.95). 
Cessationn o f OAC did not result in a rebound o f ischemic events during 1 
monthh fol low up. 

Sincee aspirin has been shown to reduce rebound effects' ' , addit ional 
inhibitorss o f platelet function may further reduce rebound thrombosis. 
However,, o f 5 patients in our study who received a thienopyridine because 
o ff stent implantat ion, 2 showed increases o f F-|+2 above normal limits after 
discontinuationn o f heparin treatment. 

Summary.. Treatment with both UFH and dalteparin is followed by 
reactivationn o f coagulation to levels higher than before or during 
treatment,, and persisting at least 48 hours after treatment discontinuation. 
Inn dalteparin treated patients, reactivation peak levels were not different 
fromm those seen after discontinuation o f UFH. Rebound thrombin 
generationn in UA or Ml patients is likely the cause o f clinical recurrent 
ischemiaa seen shortly after treatment cessation. 
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Reboundd Ischemia after Heparin in ACS 

S u m m a r y : : 

Background.Background. -Clinical trials in patients with acute coronary syndromes 
havee shown early recurrent ischemic events after discontinuation of 
unfractionatedd heparin (UFH) treatment. We analyzed whether low-
molecularr weight heparin (LMWH) cessation also results in early ischemic 
recurrencee events and i f continuation o f a fixed dose LMWH prevents this 
complicat ion. . 

MethodsMethods -The combined incidence o f death, Ml or urgent 
revascularizationn in the first 7 days after discontinuation o f UFH (n=2617), 
short-termm 1 mg/kg s.c. BID enoxaparin (n = 1498) and short-term followed 
byy prolonged 60 mg s.c. BID enoxaparin (n = 1043) was analyzed from the 
combinedd TIMI 11 B/ESSENCE database, in a per patient analysis. 

ResultsResults -Cessation o f both UFH and short-term enoxaparin resulted in a 
similarr clustering o f recurrent ischemic events on the first day, with an 
incidencee o f the primary endpoint of 2.3% in both groups. O f all recurrent 
eventss in the first week after cessation, 40% occurred in the first 24 hours. 
Continuationn o f a fixed dose enoxaparin treatment prevented this early 
excess,, with a first day incidence o f 0.4 % (p=0.0001). T IMI risk score 
characteristicss predicted the incidence o f early rebound ischemic events. 

ConclusionConclusion -There is significant clustering o f recurrent ischemic events 
withinn 24 hours after cessation o f both short-term UFH and enoxaparin 
treatment,, and patients should be carefully monitored during that period. 
Thiss early rebound may be prevented by continuation o f a fixed dose o f 
enoxaparin. . 

Introduction n 

Severall studies in patients with acute coronary syndromes (ACS) have 
describedd recurrence o f ischemic events shortly after cessation o f 
unfractionatedd heparin (UFH) treatment'1"4^. In the GUSTO I study, 33% 
o ff all recurrent myocardial infarctions occurring in the first week after UFH 
wass discontinued, occurred within 10 hours' '. In an ESSENCE sub study, a 
higherr incidence o f ischemic ST-segment episodes was observed in the 48 
hourss after UFH and low-molecular weight heparin ( L M W H ) treatment 
thann during the first 48 hours o f treatment' \ A more recent publication 
alsoo observed this very early clustering o f rebound ischemia after 
discontinuationn o f UFH, with a peak incidence as early as 4 hours after 
discontinuation'' '. 
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Too dace, one study' ' reported an increased event rate when therapeutic 
LMWHH treatment was discontinued, reducing its benefit compared to 
placeboo in the acute phase. 

Wee investigated whether cessation o f UFH or LWMH resulted in a clinical 
reboundd and whether these compounds differ in this respect. We used data 
derivedd from the large ESSENCE*6^ and TIMI 11 B*7^ trials, and calculated 
inn a per patient analysis, the incidence of ischemic events after 
discontinuationn o f either UFH or enoxaparin. The prolonged fixed dose 
LMWHH treatment arm of the TIMI 11B allowed us to study the effect o f 
thiss regimen on rebound phenomena. 

Methods s 

Protocoll and patient population o f the TIMI 11 B and ESSENCE studies 

Thee study protocols have been described in previous publications^ ' '. In 
short,, patients wi th unstable angina or non-Q wave infarction, presenting 
withinn 24 hours after onset o f symptoms, were eligible for inclusion. A total 
o ff 7081 patients were randomised, in a double dummy design, to 
intravenouss UFH (N=3521) or subcutaneous enoxaparin (N=3560). In 
bothh studies, UFH treatment was continued for at least 3 days with a 
maximumm o f 8 days. In both studies, enoxaparin was administered at a 
dosee o f 1 mg/kg b.i.d. and was continued for until day 8 or hospital 
discharge.. The TIMI 11 B protocol required continuation o f enoxaparin 
treatmentt with a fixed dose o f 60 mg b.i.d. until day 43. All patients 
receivedd aspirin 100 to 325 mg/day. 

Principall results o f the TIMI 11 B and ESSENCE studies 

Thee endpoints o f the separate as well as the combined endpoints of the 
TIMII 11B and ESSENCE studies have been published previously (6"8). 
Treatmentt with enoxaparin resulted in a 20% reduction o f the composite 
endpointt death or non-fatal myocardial infarction, with an absolute 
reductionn from 5.3% to 4 .1% by day 8 (OR=0.77 [0.62-0.95]) and from 
8.6%% to 7.1% by day 43 (OR=0.82 fO.69-0.97J). The treatment benefit o f 
enoxaparinn over UFH occurred rapidly after the start o f treatment with a 
significantt endpoint reduction as early as day 2 after randomisation. 
Enoxaparinn and UFH showed a similar rate o f major haemorrhage 
(approximatelyy 1.2%) although a higher rate o f minor haemorrhage was 
observedd wi th enoxaparin treatment (10% vs 4.3%). 
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Patientt selection for the current analysis 

Alll patients from the TIMI 11 B and ESSENCE were eligible for the present 
studyy i f they had received in-hospital study treatment for at least 2 days 
withh a maximum o f 14 days (N=5911). 

Nott included were patients in which study drug treatment times were not 
availablee (n=41), who underwent revascularization during study drug 
treatmentt (n=193) or within 48 hours after cessation o f study drug wi thout 
recurrentt angina between cessation and revascularization (n=497), on oral 
anticoagulantt treatment fol lowing study drug treatment (n=18), or who 
diedd during study drug treatment (n=4). As a result, 5158 patients were 
involvedd in the present analysis (Table 1). 

TableTable 1 - Patient selection for current analysis 

Randomised: : 
Exclusion: : 

-- Treatment < 48 hours 
-- Treatment > 14 days 
-Treatmentt duration missing 
-- Revascularization during Rx 

-- Revascularization < 48 hrs 
afterr Rx without angina 

-- Oral anticoagulants 
-- Death during Rx 

Totall exclusion: 

Totall inclusion: 

UFH H 

N=3521 1 

n=501 1 
n=1 1 

n=25 5 
n=86 6 

n=281 1 
n=9 9 

n-1 1 

n=904 4 
n=2617 7 

Treatmentt Group 

ShortEnox x 

N=2381 1 

n=625 5 
n=2 2 

n-15 5 
n=65 5 

n=166 6 
n=7 7 
n=3 3 

n=883 3 
n=1498 8 

LongEnox x 

N-1179 9 

n=39 9 
n=2 2 

n-1 1 
n=42 2 

n=50 0 
n=2 2 
n=0 0 

n=136 6 
n=1043 3 

Total l 

N=7081 1 

N-1165 5 
N=5 5 
N=41 1 
N=193 3 

N=497 7 

N-18 8 
N=4 4 

N=1923 3 
N=5158 8 

Wee considered the fol lowing patient groups: patients who had received 
short-termm UFH (UFH, n=2617), patients who had received short-term 
enoxaparinn only (ShortEnox, n=1498), and patients who had received 
short-termm enoxaparin followed by chronic fixed dose enoxaparin 
(LongEnox,, n = 1043). 

Thee time o f discontinuation o f study drug for patients treated with UFH 
wass defined as the time at which the infusion was stopped. For patients 
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treatedd with enoxaparin, the time o f discontinuation o f treatment was 
definedd as 12 hours after the last full in-hospital enoxaparin dose, after 
whichh plasma drug levels fall below the therapeutic range. 

Endpointt definitions and data analysis 

Thee primary endpoint for the current analysis was a composite o f 
mortality,, (recurrent) M l , or recurrent ischemia leading to urgent 
revascularisationn occurring after discontinuation. Secondary endpoints 
weree mortality, mortality or (recurrent) M l , and mortali ty, (recurrent) Ml 
orr severe recurrent ischemia with or without urgent revascularisation. 

Thee incidence o f the primary and secondary endpoints was calculated for 
thee first 7 days after treatment discontinuation by calculating, for each 24 
hourr period, the percentage o f patients who developed a first endpoint 
amongstt those patients who had not previously developed that endpoint. 

Too observe i f a rebound o f ischemic events would occur after treatment 
cessation,, the on-treatment incidence o f the primary endpoint in the 
includedd patients (N=5158; Table 1) was calculated for the day prior to 
discontinuationn o f study drug. By defini t ion, patients who either died or 
underwentt an urgent revascularization during treatment were excluded, 
thuss the incidence o f Ml was calculated. 

TIMII risk factors and recurrent ischemic events 

Too identify whether cardiac risk factors, identified at randomisation, were 
associatedd with early rebound events after treatment cessation, the T IMI 
riskk score was related to the incidence o f early rebound^ ' . 

Statistics s 

Differencess between the treatment groups in incidences o f the primary and 
secondaryy endpoints were analysed using the chi-square test. For the 
relationn between the number o f risk factor and incidence o f rebound 
events,, a Wilcoxon test was performed. 

Resul ts s 

Patientt characteristics 

Thee patient characteristics o f the UFH group, ShortEnox group and 
LongEnoxx group are presented in Table 2. Compared to the UFH and 
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TableTable 2 - Ch d patients created with UFH and enoxaparin for ac least 48 hours but < 
144 days 

Treatmentt Group 

Characteristics s 
Agee (years) 

Malee (%) 
Familyy history of CAD (%) 
Currentt smoker (%) 
Historyy of hypertension (%) 

Historyy of hypercholesterolemia (%) 
Historyy of diabetes (%) 
Priorr myocardial infarction (%) 
Priorr aspirin use(%) 
Priorr Beta blocker use (%) 

Mediann acute, in-hospital treatment 
durationn (days + 25th/75th percentile) 

TIMII nsk factors distribution (%) 

0 - 2 2 
3 - 4 4 
5 - 7 7 

UFH H 
(n=2617) ) 

64.5 5 
64.0 0 
38.4 4 
25.3 3 
50.9 9 
36.2 2 
20.8 8 
39.4 4 
76.0 0 
38.4 4 

3.0 0 
(2.8/3.9) ) 

32 2 
56 6 
12 2 

Shortt Enox 
(n=1498) ) 

64.3 3 
64.6 6 
40.9 9 
25.1 1 
52.1 1 
42.7 7 
20.2 2 
41.9 9 
70.2 2 
38.4 4 

4.1 1 
(3.1/6.1) ) 

39 9 
52 2 
9 9 

LongEnox x 
(n=1043) ) 

63.8 8 
68.0 0 
34.6 6 
26.5 5 
48.0 0 
34.1 1 
22.2 2 
32.5 5 
81.7 7 
34.2 2 

5.9 9 
(4.0/7.3) ) 

23 3 
59 9 
18 8 

p-value p-value 
0.3 0.3 
0.07 0.07 
<0.05 <0.05 
0.7 0.7 
0.7 0.7 

<0.05 <0.05 
0.5 0.5 

<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 

<0.05 <0.05 

CADD = coronary artery disease, UFH = unfractionated heparin, ShortEnox = 
short-termm enoxaparin, LongEnox = long-term enoxaparin 

ShortEnoxx groups, patients in the LongEnox group had a lower prevalence 
o ff a family history o f coronary artery disease , hypercholesterolemia 

,, prior myocardial infarction , prior beta-blocker use , 
andd a higher prevalence o f aspirin use . The in-hospital treatment 
durationn was longer in the LongEnox group. The TIMI risk factor 
distributionn was equal among the three treatment groups. 

Clinicall events after study drug discontinuation 

Thee cumulative incidence of the primary endpoint during the first 7 days 
afterr treatment cessation is shown in Figure 1. The UFH and ShortEnox 
groupp show a significantly higher incidence of ischemic events compared to 
thee LongEnox group (UFH vs. LongEnox, p=0.0002; ShortEnox vs. 
LongEnox,, p=0.006 at day 7). The greatest difference in event rates was 
observedd on the first day after cessation o f treatment. 
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6% % 

FigureFigure 7 -Cumulative incidence for the occurence of death, Ml , or urgent revascularization by treatment 
groupp during the first 7 days after treatment discontinuation. 

UFH H 

4% % 

2% 2% 

0% % 

LongEnox x 

11 2 3 4 5 6 
Cöyss after discontinuation of treatment 

Forr the UFH and ShortEnox groups, the incidence o f the primary endpoint 
onn the first day after study drug discontinuation was 2.3%, and the hazard 
onn day 1 was substantially greater than that on subsequent days (i.e. 2 to 7 
days)) and prior to discontinuation (i.e. day -1) (Figure 2 and table 3). This 
excesss risk during the first 24 hours is not observed in the LongEnox group, 
withh constant event rates from day -1 to day 7. In the UFH and ShortEnox 
groups,, 36% and 4 1 % respectively o f all primary endpoint events in the first 
weekk occurred on the first day. The incidence on day 1 and day 2 after 
cessationn in group UFH was 2.3% and 1.1%, respectively (p=0.0005), and 
2.3%% and 0.3% in the group ShortEnox, respectively (p<0.0001). 
Additionally,, reactivation o f events is clearly observed when comparing 
eventt rates on day 1 with those observed on the day prior to 
discontinuationn (Table 3; UFH 2.3% vs. 0.5%, respectively (p<0.0001), 
ShortEnoxx 2.3% vs. 0.4% , respectively (p<0.0001)). The LongEnox group 
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TabicTabic 3 - Incidence of ischemic events on the day before treatment discontinuation (day-1), and the 
firstfirst day and the first week after UFH or short-term enoxaparin treatment cessation. 

OnOn creacmenc day - 7 
Primary y 

OffOff treatment day 1 
Primary y 
Death h 
M l l 

OffOff treatment day 1-7 
Primary y 
Death h 
M l l 

Treatmentt Grot 
UFH H 

(n -2617 ) ) 

0.5%% (14) 

2.3%% (60) 
0.5%% (13) 
0.5%% (13) 

6.3%% (165) 
1.6%% (41) 
1.9%% (49) 

ShortEnox x 

( n - 1 4 9 8 ) ) 

0.4%% (6) 

2.3%% (34) 
0.7%% (10) 
0.5%% (8) 

5.5%% (82) 
1.9%% (28) 
1.3%% (20) 

P P 
LongEnox x 

( n -1043 ) ) 

0 . 1 %% (1) 

0.4%% (4) 
0 . 1 %% (1) 
0.0%% (0) 

3.2%% (33) 
0.5%% (5) 

1.1%% (11) 

p-value p-value 

0.08 0.08 

0.0001 0.0001 
0.05 0.05 
0.02 0.02 

0.0003 0.0003 
0.004 0.004 

0.2 0.2 

Riskk Ratio 
[95%% CI] 

0.200 [0.03-
1.19] ] 

0.177 [0.07-
0.40] ] 

0.177 [0.03-
1.00] ] 
n.e. . 

0.533 [0.37-
0.75] ] 

0.299 [0.12-
0.67] ] 

0.633 [0 .34-
1.18] ] 

Primaryy endpoint was a composite of death, Ml, or urgent revasculariza-
tion.. Data are presented as percentages and absolute event rates in 
parentheses.. UFH = unfractionated heparin group, ShortEnox = short-
termm enoxaparin group, LongEnox = long-term enoxaparin group. *p-
valuee of UFH plus ShortEnox versus LongEnox. RR = Risk Ratio, n.e. = 
nott estimable. 

hadd similar event rates on the day prior to discontinuation, day 1, and 2 
afterr cessation (0 .1%, 0.4% (p=0.2), and 0.7% (p=0.4), respectively). 

Thee early rebound in the UFH and ShortEnox groups was also observed for 

thee separate endpoints death and Ml (Table 3). 

Thee mean time to the occurrence o f clinical events was 7.7 and 9.0 hours 
afterr discontinuation o f UFH and short-term enoxaparin, respectively. On 
thee first day as well as in the first week, the incidences o f the primary 
endpointt and o f the individua l clinical endpoints were significantly lower in 
thee LongEnox group than in the other two groups (Table 3). Additionally, 
thee combined endpoints death/ Ml and death/MI/severe recurrent 
ischemiaa showed similar high incidences on day 1 after cessation compared 
too the fol lowing days for both the UFH and ShortEnox groups and not for 
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'' 2 - Hazard o f dea th , M l , or urgent revascular izat ion per day du r ing the day pr ior to (-1 ), and the 

dayss (1 t o 7) af ter d i scon t i nua t i on o f UFH or shor t - term enoxapar in . N o t e : By de femt ion , 

dayy - i ( i .e. 24 hours pr ior to t rea tmen t d i scon t i nua t i on ) does no t include pat ients w h o died 

orr underwent an urgent revascular izat ion. 

" G G 
i_ _ 
rd d 
N N 
ra a 

X X 

2.5n n 

2.0--

1.5--

.u- i i 

0.5--

0.0 0 EL L 

UFH H 

ShortEnox x 

LongEnox x 

IDEJDL I I 
- 1 11 2 3 4 5 6 7 

Dayss before (-1) and after (1 to 7) discontinuation of therapy 

UFHH = unfractionatedd heparin (N=2617), ShortEnox = short-term enoxa-
parinn (N = 1498), LongEnox = long-term enoxaparin (N = 1043). 

thee LongEnox group (data not shown). Cessation of long-term enoxaparin 

afterr 6 weeks showed no rebound of ischemic events. 

T IMII risk factors and recurrent ischemic events 

Figuree 3 relates the number o f T IMI risk factors with the incidence o f early 
reboundd (i.e. events within 24 hours after treatment stop). In both the UFH 
andd ShortEnox groups, a clear relation between TIMI risk score and event 
ratee was observed, with an increase in the incidence o f early rebound 
proport ionall to the number o f risk factors. Patients with TIMI risk scores o f 
0-33 had a rebound incidence o f 1.8% whereas patients with scores 5-7 had 
ann incidence o f 5.1%. The LongEnox group revealed no rebound events in 
thee 0-1 and 2 risk factor groups, and low incidences in the 3, 4 , and 5 risk 
factorss group o f 0.3%, 0.4%, 1.3%. No events occurred in patients with 6 or 
77 risk factors, however, there was a very low number o f patients in this 
groupp (n=33). At any level o f risk, group LongEnox had a lower incidence o f 
events,, with a statistically significant difference in the groups with 3 and 4 
riskk factors (p=0.01 and 0.04, respectively, group UFH + LongEnox vs. 
ShortEnox). . 
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-TIMII risk factor distribution in patients with early rebound, i.e. occurence of a primary 
endpointt event within 24 hours after discontinuation oftre 

10.0--

7.5--
--P P 

cc 5.0-
> > 

2.5--

0.0--InJ J Li i HL L 

UFH H 

ShortEnox x 

LongEnox x 

0 / 1 22 3 4 5 
n=n= 4/2/0 8/5/0 20/11/1 15/6/1 8/7/2 

Numberr of TIMI Risk Factors 

6/7 7 
5/3/0 5/3/0 N=N= 60/34/4 

UFHH = unfractionated heparin (N = 261 7), ShortEnox = short-term enoxa-
parinn (N = 1498), LongEnox = long-term enoxaparin (N = 1043). 

D i s c u s s i on n 

Discontinuationn o f both short-term UFH and short-term enoxaparin 
treatmentt resulted in a clustering o f ischemic events on the day fol lowing 
cessationn o f treatment. O f all recurrent endpoints occurring in the week 
afterr discontinuation of these treatments, approximately 40% occurred 
withinn 24 hours after cessation. Early rebound was observed for death, M l , 
urgentt revascularization and severe recurrent ischemia, indicating that the 
compositee endpoint was not driven by a single event. 

Moreover,, this reactivation of ischemic event occurs in patients who are 
consideredd stable, and who may be transferred home or to other facilities 
onn that first day after discontinuation o f anticoagulation. The incidence o f 
clinicall events within 24 hours after study drug cessation (2.3%) was similar 
too the primary endpoint incidence during active treatment in the two 
clinicall trials (day 3 incidence o f treatment; data not shown), underlining 
thee clinical importance o f this phenomenon. 

Continuationn o f a fixed reduced dose of enoxaparin treatment was 

associatedd with less early rebound, and with a significantly lower total 
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incidencee o f recurrent ischemia during one week o f fol low up. It was 
associatedd wi th a lower incidence in patients at all levels o f risk but was 
mostt effective in patients with a T l M I risk score 3 to 7, where it reduced the 
primaryy endpoint by approximately 75% (Figure 3). Cessation o f long-term 
enoxaparinn treatment did not lead to an increase o f events and showed 
similarr incidence rates on day 1 and 2 after cessation. 

Inn our analysis, we found no difference in the incidence o f rebound events 
betweenn UFH and short-term enoxaparin (both 2.3%). In an ESSENCE 
substudy'' ' a higher incidence o f ST-segment shifts was observed after 
UFHH treatment compared to that fol lowing enoxaparin treatment. 
Hnwpvprr r h k wa<; a <;mpll <;rnHv and f<;ilpnr^ ST spamen t <;hifr<; mav onl v 

""  ' ' " - ~ - ' ' I ' \ " " / - - ' O - - - - / / 

partiallyy reflect recurrent thrombot ic events. Other factors such as 
tachycardia,, anemia or coronary spasm may contr ibute to these episodes. 

Patientss continuing to chronic phase LMWH treatment were different from 
thee short treatment groups with respect to several baseline characteristics 
(Tablee 2). However, the TIMI risk score which has been shown to predict 
eventss is this particular populat ion, was equal amongst the treatment 
groupss indicating the overall risk is not lower in patients continuing into 
thee chronic phase (Table 1). 

Platelett activation may be important for the occurrence o f early rebound. 
Clott bound thrombin is a potent trigger for platelet activation and 
thrombuss growth. Aspirin reduces the risk o f rebound'' ', however early 
reboundd does occur in ASA treated patients' ' '. More aggressive platelet 
inhibit ionn wi th GP l lb / l l la inhibitors further lowers the risk o f rebound 
eventss in ACS patients' '. A possible cause for this early rebound 
phenomenonn is remaining coronary thrombus, posing a threat for 
recurrentt occlusion. This is supported by a study by van Belle et al., 
visualisingg angioscopically thrombus material in the coronary artery up to 
44 weeks after hospital admission for ACS' '. 

Otherr mechanisms that could lead to a transient hypercoagulable state 
includee depletion o f natural anticoagulants such as tissue-factor pathway 
inhibitorr (TFPI) and anti- thrombin (AT) '1 2"1 7 ) . This is supported by the 
highlyy increased thrombin generation and activation markers observed 3-
244 hours after both UFH and LMWH treatment cessation, with F1+2 levels 
exceedingg pre-treatment F1+2 levels' \ This observation suggests a drug 
relatedd phenomenon o f thrombin generation as opposed to a return to the 
naturall course after treatment cessation. However, the fact that no early 
recurrencess were observed after discontinuation o f long term enoxaparin 
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suggestss that this drug related phenomenon is depended on the activity o f 
thee underlying thrombot ic process. 

Whetherr these results imply that treatment with UFH or LMWH should be 
continuedd beyond the short-term regimen is unclear. Several ACS studies, 
includingg the TIMI 11 B study, examined the possible benefit o f prolonged 
LMWHH treatment' ' ' '. Results were consistent and showed no benefit. 
However,, a selection o f ACS patients do benefit f rom prolonged 
anticoagulationn treatment as shown in a recent study' '. High risk 
patients,, based on elevated t roponin T levels and ST-segment deviation on 
admission,, showed a clear and significant reduction in death or Ml during 
thee 90 day treatment period compared to short-term L M W H . 
Unfortunately,, this treatment effect was gradually lost after LMWH was 
discontinued,, resulting in equal rates of death or M l at 1 year fol low-up. 
Ourr study indicates that most benefit from prolonged treatment may be 
obtainedd in patients with 3 or more risk factors (Figure 3). However, these 
patientss represent approximately 80% of the total group. 

Thee lack o f efficacy in long term LMWH treatment may also be related to 
thee patient's compliance during home treatment' '. In FRISC-II, anti-Xa 
measurementss during fol low up showed a steady decline, dropping from 
0.66 U/ml at start to 0.4 U/ml at 3 months, with 29% o f the patients 
showingg levels smaller than 0.2 U/ml . Thus, a substantial proport ion o f 
patientss had subtherapeutic levels during home-treatment. 

Severall strategies may potentially reduce the incidence o f recurrent 
ischemicc events. First, gradual weaning o f the dose o f the anticoagulant 
hass been shown to decrease the extent of rebound coagulat ion' '. 
Second,, clinicians may decide not to discharge or transfer a patient until at 
leastt 24 hours after drug discontinuation, particularly in high risk 
subgroups.. Thi rd, as rebound thrombin generation peaks between 6 and 
122 hours after discontinuation' ' , it may be advisable to stop UFH-
infusionn early in the morning in order to manage possible recurrences 
duringg daytime. Similarly, by scheduling the last LMWH dose in the 
evening,, a fall in drug levels below the therapeutic range will occur in the 
morning.. However, these recommendations have not been tested 
prospectively. . 

Limitations s 

Thiss study has several l imitations. This was a post-hoc analysis, using 
prospectivelyy acquired data which focussed on a selection o f the total 
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includedd patient population from the TIMI 11 B and ESSENCE studies. A 
totall o f 1923 (27%) patients were not included in the rebound analysis. 
26%% o f the patients in the UFH group were excluded, 37% o f the ShortEnox 
groupp patients, and 12% o f the LongEnox group (Table 1). The main 
reasonn for exclusion was a treatment durat ion shorter than 48 hours ( 6 1 % 
o ff the exclusions) which we considered as a minimum in order to stabilize 
thee patients coronary condit ion. Another significant proport ion o f 
exclusionss consisted o f patients in which a revascularization was performed 
withinn 48 hours after treatment cessation without recurrent anginal 
symptoms.. The decision to revascularize these patients was apparently 
madee on other clinical grounds during heparin treatment, and these 
patientss were switched to open label unfractionated heparin before the 
intervention.. The incidence o f death or M l during the first 4 days after 
randomisationn was similar between the included and excluded patients 
(6.3%% and 5.8%, respectively, p=0.4). 

Thee different stopping time for UFH and enoxaparin was based on the 
markedlyy longer therapeutic anticoagulant effect of enoxaparin as 
comparedd to UFH. After the last administration o f enoxaparin, anti-Xa 
plasmaa levels remain in the therapeutic range between 12 and 15 hours, 
whilee cessation o f intravenous UFH is rapidly cleared after the infusion is 
stopped,, resulting in nearly undetectable anti-Xa levels at 3 hours^18^. 

C o n c l u s i o n n 

Recurrentt ischemic events are observed in a significant proport ion o f 
patientss early after discontinuation o f unfractionated heparin and low-
molecularr weight heparin treatment. The majority o f these events occur 
withinn 24 hours, and clinical predictors may identify patients at high risk. 
Continuingg (fixed dose) administration o f LMWH may prevent these early 
recurrences,, especially in high-risk groups. 
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Effectss o f Clopidogrel on Rebound in ACS 

S u m m a r y y 

ObjectivesObjectives - This study evaluates the effects o f clopidogrel on the rebound 
increasee o f thrombin generation and activity after cessation o f enoxaparin 
inn ACS patients. 

BackgroundBackground -Cessation of both unfractionated (UFH) and low-
molecular-weightt heparin (LMWH) treatment in acute coronary syndrome 
(ACS)) patients results in rebound coagulation activation, with a temporary 
hypercoagulablee state. This is associated with an increased incidence o f 
ischemicc events shortly after heparin treatment discontinuation. Platelet 
inhibitorss such as aspirin and GPIIb/ l l la inhibitors decrease the incidence 
o ff the clinical rebound. It is unknown whether the antiplatelet activity o f 
clopidogrell in addit ion to aspirin influences the prothrombotic state 
developingg after heparin discontinuation in patients with acute coronary 
syndromes. . 

MethodsMethods -Af ter stabilization with standard enoxaparin treatment, we 
randomizedd 20 patients admitted for ACS, to clopidogrel (Plavix®) plus 
aspirinn (n=10) or aspirin alone (n=10), and measured plasma markers o f 
coagulationn before, during, and after treatment. 

ResultsResults - After loss o f therapeutic plasma enoxaparin levels, the aspirin 
alonee group showed rapid increasing levels o f plasma fragment 1+2 (F1 + 2 ) 
ass soon as 3 hours after cessation. The increase at time points 3, 6, 1 2 and 
244 hours were significantly higher than baseline (0 hours), with an increase 
fromm 0.78 nmol /L to a maximum o f 1.08 nmol /L at 24 hours (p=0.01). A 
similarr increase was observed in the clopidogrel group, from 0.86 nmol /L 
att baseline to a maximum of 1.18 nmol /L at 24 hours (p=0.02), although 
onlyy this time point was significantly higher compared to baseline levels. 
Clopidogrell patients had lower F1+2 values at all time points up to 24 hours 
afterr stopping, though differences between groups did not reach statistical 
significance.. TAT complexes in the aspirin alone group showed a clear rise 
fromm 4.1 ug/L at baseline to 16.7 ug/L at 24 hours (p=0.04). In contrast, 
TATT levels in the clopidogrel group showed no increase and remained at 
levelss similar as baseline, resulting in significantly lower levels at 24 hours 
ass compared to aspirin alone arm (p=0.03). 

ConclusionConclusion -Cessation of enoxaparin resulted in rebound thrombin 
generationn in aspirin alone and aspirin plus clopidogrel treated patients. 
Clopidogrell was associated with a reduction in thrombin activity compared 
too aspirin alone, and this might partially account for the clinical benefits 
observedd to aspirin treatment in ACS patients. 
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I n t r o d u c t i o n n 

Severall studies showed a clustering o f recurrent ischemic events shortly 
afterr discontinuation o f heparin in the treatment o f ACS (i.e unstable 
anginaa and myocardial infarction)' " '. In this setting, uncontrolled 
thrombinn generation may be an important trigger for recurrent ischemic 

(ft(ft 10T ' - o o 

events^^ " ' and indeed, an increase in the markers o f thrombin activation 
hass been shown within 24h of unfractionated heparin (UFH) 
discontinuation'' " '. There seems to be no significant differences in the 
timee course and magnitude o f the rebound hypercoagulative phenomenon 
k r r v , r o r ,, iJFH and Inw ~-~l,-,<-..l-..- ,„,a;~ki- k o n ^ i n i\ \A\M\-\\ I\ a 

dalteparin)'' 1 ' . 

Platelett activation has been shown to play a role in the pathophysiology o f 
thee progression o f ACS^ ', and the reactivation o f unstable angina after 
discontinuationn o f heparin treatment may be partially prevented by platelet 
inhibitorss such as aspirin treatment' ' or glycoprotein l lb / l l la receptor 
blockers^^ '. Clopidogrel is a new antiplatelet drug o f the thienopyridine 
class,, that produces additive beneficial effects as compared to aspirin 
treatmentt alone, in a long term follow up o f patients with ACS^ ' with 
consistentt benefits in low-, intermediate-, and high-risk patients^ '. 

Iff rebound coagulation and platelet activation are responsible for recurrent 
ischemicc events after UFH or LMWH discontinuation, the antiplatelet 
effectss o f clopidogrel might avoid or reduce this phenomenon. To our 
knowledge,, no studies have been carried out to evaluate the effect o f 
clopidogrell on the prothrombot ic rebound developing immediately after 
heparinn is stopped. 

Thee aim o f this study was to evaluate the influence o f clopidogrel plus 
aspirinn versus aspirin alone on the prothrombotic state developing after 
heparinn discontinuation in patients with acute coronary syndromes. 

Methods s 

Patientt selection 

Consecutivee Coronary Care Unit (CCU) patients after stabilization o f ACS 
byy standard treatment were screened for eligibility. 

Standardd ant i thrombot ic treatment o f ACS included: aspirin (100 mg/day) 
andd enoxaparin given as an initial intravenous bolus o f 40 mg followed by 
immediatee init iation o f weight classed subcutaneous injections every 12 
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hours.. By protocol , patients were treated with study medication until 
clinicallyy stable, for at least 48 hours from onset o f treatment or, if 
applicable,, at least 48 hours after catheterization. 

Inclusionn criteria were rest angina o f at least 5 minutes in duration and 
eitherr ECG changes compatible with acute ischemia (ST-segment 
depressionn > 0.1 mV in > 2 contiguous leads, T-wave inversion > 0,1 mV, 
transientt ST elevation or new left-bundle-branch block), creatinine-kinase 
MBB (CKMB) levels o f at least twice the normal l imit, or a history of 
documentedd coronary artery disease. 

Excludedd were patients with percutaneous transluminal coronary 
angioplastyy or coronary artery by-pass grafting; ongoing treatment with 
orall anticoagulants, heparin or GPIIb/l l la inhibitors; bleeding risk 
accordingg to treating physicians; hypersensitivity to study drug; patients 
scheduledd to be transferred before the end o f the study; unwillingness to 
participate. . 

Informedd consent was obtained from all patients. Randomization was 
performedd with sealed envelopes containing treatment al location. The 
studyy was approved by the Institutional Review Board o f the Academic 
Medicall Center in Amsterdam. 

Treatment t 

Whenn clinically stable by standard treatment, included patients stopped 
enoxaparinn and were randomly assigned to receive aspirin (Ascal, 100 mg/ 
daily)) or aspirin (Ascal, 100 mg/daily) plus clopidogrel (300 mg 
immediatelyy at start, followed by 75 mg once daily for two addit ional 

days). . 

Clopidogrell therapy was started 12 hours before loss o f therapeutic 
enoxaparinn levels (i.e. started around the last administration of 
enoxaparin). . 

Anyy associated treatment was not dictated by the study protocol and was 
givenn at the discretion o f the patients' individual physician, but included 
beta-blockerss and i.v. nitroglycerin. 

Patientss underwent coronary angiography only if they developed severe 
refractoryy ischemia. 
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Bloodd sampling 

Bloodd samples were collected before the first clopidogrel dose (i.e. before 
stopp o f enoxaparin), 12 hours after the last enoxaparin administration and 
3,6,9,12,24,488 hours thereafter. The time point at 12 hours after last 
enoxaparinn dose corresponds to loss o f therapeutic enoxaparin levels and is 
referredd here as time=0 or time o f stopping. 

Thee sampling frequency was based on previously published data showing a 
reboundd prothrombotic state and reactivation o f events approximately 5 to 
100 hours after heparin discontinuation (7,1 2-13,1 7). 

Bloodd <;amnles were obtained through an i.v. infusion system which was 
distall to other systems and not used for medication. At each sampling, the 
firstt 2 ml blood was discarded, and 10 ml was collected in citrated 
Vacutainerr tubes (4.5 ml. cit. Na - 0.105 M Silic. 1-10). Blood was 
centrifugedd at 4000 rpm for 20 minutes at 6 . Plasma was separated, 
pooledd and filled in cryocups and frozen at - 80 C until analysis was 
performed.. These procedures were completed within one hour after blood 
sampling. . 

Assays s 

Quanti f icat ionn o f prothrombin fragment 1+2 (F1+2)» thrombin-
ant i thrombinn complexes (TAT) was performed by sandwich-type ELISA 
assayss (Dade-Behring, Marburg, Germany). Upper normal values o f these 
markerss were for F-|+2 1.6 nmol /L, TAT 4.6ug/L. 

Statisticall Analysis 

Too determine differences between time points within a treatment group, a 
non-parametricc test (Wilcoxon Signed Ranks Test) was performed for each 
o ff the 8 time points relative to the time o f loss o f enoxaparin treatment (i.e. 
122 hours after the last enoxaparin administration) (time 0). For 
comparisonss between the two groups, a non-parametric independent 
sampless test (Mann-Whitney U) was calculated. All statistical analyses 
weree performed with SPSS 10.0.7 .No formal repeated measurements 
analysess could be performed because the data were not normally 
distributed. . 

Results s 

Tablee 1 presents baseline characteristics. 
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TableTable I - Baseline characterstics. 

Aspirinn alone group Clopidogrel group 

Female/malee (n/n) 5/5 1/9 
Agee (yrs) 58 66 
Weightt (kg) 83 83 
Diabetess (%) 10 0 
Smokingg (%) 44 37 
Hypertensionn (%) 40 37 
Hyperlipidemiaa (%) 60 62 
Previouss stable angina 22 25 

(%) ) 
Priorr myocardial 33 25 
infarctionn (%) 
Previouss PTCA (%) 11 12 
Priorr CABG (%) 0 0 
Previouss aspirin use (%) 66 65 

Thrombinn generation 

Inn the last 12 hours o f enoxaparin therapy, F-|+2 levels were stable and 
comparablee between the aspirin-alone and clopidogrel groups (Figure 7). 

Inn the aspirin-alone group, enoxaparin discontinuation resulted in a rapid 
increasee o f F1+2 3 hours after stopping (from 0.78+0.16 nmol /L to 

55 nmol/L, p=0.04),. This increase persisted at 6 hours 2 
nmol /L,, p=0.01), 12 hours 9 nmol /L , p=0.008) and reached a 
maximumm level at 24 hours after stop (1.0810.78 nmol/L, p=0.01). 

Inn the clopidogrel group, a similar increase o f plasma F1+2 levels was 
observedd 6 nmol /L, at baseline), although not significant at 3 
hourss 7 nmol/L, p=0.09), 6 hours 6 nmol/L, p=0.09), 
andd 12 hours 3 nmol /L, p=0.09). At 24 a maximal level o f 

88 nmol /L was reached which was significantly higher than baseline 
(p=0.02).. Clopidogrel patients had lower F1+2 values at all t ime points up 
too 24 hours after stopping, though differences between groups did not 
reachh statistical significance. At 48 hours after treatment discontinuation, 
F1+22 levels in both groups were at similar levels. 
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FigureFigure 7 - Median prothrombin fragments 1 +2 (F-[+2) plasma levels rSEM at different time points 
duringg and after hepainn treatment. Hour - 1 : on heparin; hour 0: twelve hours after last 
enoxaparinn dose. 
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Thrombin-ant i thrombinn complex formation 

TATT levels in the clopidogrel and aspirin alone were similar and stable 
duringg the last 12 hours o f enoxaparin therapy {Figure 2). 

Thee aspirin-alone group showed a rapid increase o f TAT levels from 
baselinee values o f 2 ug/L to 3 [ig/L at 3 hours (p=0.14), 
persistingg to rise to 0 ug/L at 6 hours (p=0.02), to 5 j jg / 
LL at 1 2 hours (p=0.01), with a maximum level o f 4 pg/L at 24 
hourss after discontinuation o f enoxaparin (p=0.04). 

Thee clopidogrel group showed no increases o fTAT levels during the first 48 
hourss after enoxaparin cessation. Significantly lower TAT levels at 12 hours 
weree observed in clopidogrel as compared to aspirin patients (5.9+15.7 
pg/Lvss 5 pg/L respectively, p=0.03). At 48 hours, TAT levels were 
similarr in both groups with levels comparable with pre-treatment values. 
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22 - Median thrombin-antithrombin (TAT) plasma levels M at different time points during 
andd after hepairin treatment. Hour - 1 : on heparin; hour 0: twelve hours after last enoxaparin 
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FigureFigure 3 - Median thrombin generation times (TGT) +5EM at different time points during and after 
hepairinn treatment. Hour -1 : on heparin; hourO: twelve hours after last enoxaparin dose. 
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Thrombinn Generation Time 

Bothh groups showed identical TGT levels in all t ime points (Figure.3).TGT 
valuess reduced from 1 seconds during enoxaparin therapy to 

11 seconds at t=0 hours (p=0.01). The TGT further decreased in the 

fol lowingg hours and reached stable levels at 1 2 hours o f 190 seconds which 
remainedd so up to 48 hours. 

D i s c u s s i o n n 

ifnss sLuuy snows tnat cnoxapann cessation results in a rapivj increase of 
coagulationn activity as soon as 3 hours after loss o f therapeutic 
anticoagulationn levels and that this rebound state can be partially 
decreasedd by the addit ion o f clopidogrel. Patients on clopidogrel showed a 
lesss pronounced reactivation in coagulation activity, as reflected by absent 
increasess o f TAT complexes in contrast to the clear rise observed in aspirin-
alonee patients. In both groups an increase o f F1+2 was observed, reaching 
maximumm values at 24 hours. In our precedent data, dalteparin treated 
patientss showed maximum rebound levels o f F1 +2 and TAT already at 6 to 
122 hours after loss o f therapeutic drug levels' ', possibly caused by 
differencess between these LMWHs. 

Previouss studies. Rebound ischemia was firstly described by Theroux et 
al '' ' , who found a clustering of reactivation events within the first 24 hours 
afterr heparin discontinuation. This study additionally showed that rebound 
ischemiaa was reduced, though not prevented, by the administration o f 
aspirin.. Similarly, the PURSUIT study' ' showed that platelet inhibit ion 
withh CJ PI I b/ Ilia, inhibitors on top o f aspirin further reduced the incidence o f 
clinicall rebound in relation to heparin cessation. Noteworthy, 40% o f all 
clinicall ischemic events in the week fol lowing heparin cessation occur 
wi thinn 24 hours after stop, with an absolute incidence o f approximately 
2.5% (5 ). . 

Potentiall mechanisms. If rebound coagulation and platelet activation are 
responsiblee for recurrent ischemic events after UFH or LMWH 
discontinuation,, the antiplatelet effects o f clopidogrel might avoid or 
reducee this phenomenon. Recently, it has been found that the clinical 
benefitss observed during long term treatment with clopidogrel on top o f 
aspirinn in ACS patients' \ was not the result o f a reduction in platelet or 
coagulationn markers, which were stable and comparable with aspirin alone 
treatment'' '. However, this study did not investigate these markers in the 
firstt 24-48 hours immediately fol lowing heparin discontinuation when 
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reboundd phenomenon has been shown to occur'6"7 ,11 ' . Platelet activation 
andd recruitment play a pivotal roll in ACS pat ients '1 3 ' and elevated blood 
levelss o f P-selectine, a procoagulant and proinf lammatory adhesion 

molecule,, have been found in the first 72 hours after onset o f symptoms 
(17-18)) ' r 

Activatedd platelets have been clearly shown to be involved in the 
pathophysiologyy o f the progression o f A C S ' 1 3 ' . One mechanism involves 
directt interactions and st imulation o f endothelial cel ls '1 9 ' that would 
favourr their conversion to a prothrombot ic and proinf lammatory 
phenotype.. It could be speculated that, by reducing platelet reactivity with 
clopidogrel,, a decreased platelet stimulation on endothelial cells occurs, 
resultingg in a more ant i- thrombotic endothelial surphace wi th higher 
capabilityy in TFPI release and higher expression o f thrombomodul in . 

Directt effects o f heparin on platelets could favour the rebound 
phenomenonn and, indeed, heparin treatment has been shown to cause 
platelett activation and platelet hyperresponsivity to platelet activators such 
ass ADP ( '. While this phenomenon remains incompletely understood, 

itt can be postulated that the stimulation o f platelets by heparin might 
persistt well after heparin treatment is stopped, resulting in rebound 
activationn o f coagulation. 

Moreover,, lower levels o f natural anticoagulants such as tissue factor 
pathwayy inhibitor (TFPI) or decreased activity in the protein C pathway 
couldd favor a procoagulant state, possibly resulting in thrombosis. Indeed, 
itt was found that thrombin generation increases progressively after 
heparin,, and correlates inversely with TFPI concentrations, suggesting that 
tissue-factor-mediatedd coagulation is a contributing factor to rebound 
ischemia11 ' '. Although in-vitro studies have found heparin to reduce the 
affinityy o f thrombin for thrombomodul in and the rate of protein C 
activation'' " \ one study in ACS patients could not detect low protein C 
activityy in relation to rebound coagulat ion '6 ' . 

Inn this study, we observed a different pattern between F1+2 and TAT 
increasess in the clopidogrel group. Where F1+2 levels followed a cl imbing 
patternn up to 24 hours, TAT levels remained stable. 

Thiss could suggest that the thrombin formed in clopidogrel patients has a 
lowerr affinity for ant i thrombin and possibly has a higher aff inity for other 
molecules.. Although thrombin interactions with the platelet glycoprotein 
lbb are transiently inhibited during hepar in ' 2 5 ' , no effects o f clopidogrel on 
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th ee platele t surface have been described tha t migh t favou r thrombin -
platelett interactions. 

Summary .. Increas e in coagulatio n activity , manifeste d as a rais e in 
thrombi nn generation , occur s withi n hour s afte r discontinuatio n o f LMW H 
treatment .. Clopidogre l may reduc e thi s coagulatio n reactivation , and thi s 
migh tt  partiall y accoun t fo r th e clinica l benefit s observe d to aspiri n 
treatmentt in ACS patients. 
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Reee Factor Vi la co Reverse Fondaparinux 

S u m m a r y y 

BackgroundBackground -The novel anticoagulant fondaparinux proved to be effective 
andd safe in the postoperative prevention o f venous thrombosis. Current 
phasee III trials with this synthetic selective factor Xa inhibitor focus on its 
usee in the treatment o f patients with venous and arterial thrombosis. As 
withh any anticoagulant therapy, there is a risk o f bleeding complications, 
hencee a strategy to reverse the effects o f fondaparinux is desirable. 

Thee aim o f this study was to investigate whether recombinant factor Vila 
(rFVIIa)) could neutralize the anticoagulant effects o f subcutaneous 
administeredd fondaparinux. 

MethodsMethods - In a randomized, placebo-controlled design, 16 healthy male 
subjectss received either a single s.c. dose o f fondaparinux (10 mg) and a 
singlee i.v. bolus o f rFVIIa (90 ug/kg)(n=8), fondaparinux and placebo 
(n=4),, or placebo and rFVIIa (n=4). Fondaparinux (or placebo) was 
administeredd 2 hours prior to rFVIIa (or placebo). 

ResultsResults - Injection o f rFVIIa after fondaparinux normalized the prolonged 
activatedd partial thromboplast in and prothrombin times and reversed the 
decreasee in prothrombin activation fragments 1+2 (F1 + 2 ) as observed with 
fondaparinuxx alone. The thrombin generation time and endogenous 
thrombinn potential , which were inhibited by fondaparinux, normalized up 
too 6 hours after rFVIIa injection. 

ConclusionConclusion - Recombinant factor Vila is capable of normalizing 
coagulationn times and thrombin generation during fondaparinux 
treatment.. The duration o f this effect ranged from 2 to 6 hours after 
recombinantt factor Vila injection. These results suggest that rFVIIa may be 
usefull to reverse the anticoagulant effect o f fondaparinux in case o f serious 
bleedingg complications or need for acute surgery during treatment with 
fondaparinux. . 

Introduction n 

Novell anticoagulant agents aim at improved efficacy and safety by a more 
selectivee inhibit ion o f the coagulation cascade, for example targeting 
thrombinn as achieved by hirudin (-analogues/1 ' 2 ' , or directed at the factor 
Vila-tissuee factor complex by recombinant NAPc2 (nematode 
anticoagulantt protein c2) or recombinant TFPI (tissue factor pathway 
inhibi tor/3"5^.. Recently, fondaparinux, a novel selective factor Xa inhibitor 
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hass been evaluated for the prevention and treatment o f venous and arterial 
thrombosis^^ '. Fondaparinux is a synthetic pentasaccharide, which 
bindss exclusively to the activation site o f ant i thrombin, thereby increasing 
itss activity toward factor Xa inactivation 300-fo ld ' ' '. Different from the 
otherr antithrombin-dependent anticoagulants, i.e. unfractionated heparin 
andd low-molecular-weight heparin ( L M W H ) , fondaparinux selectively 
inactivatess factor Xa wi thout thrombin inhibi t ion. Fondaparinux was 
superiorr to LMWH in the prevention o f venous thrombosis after elective 
majorr knee surgery, and hip-fracture surgery, reducing the incidence o f this 
complicationn by an average o f 56%' ' '. Currently, phase III trials explore 

thee use o f fondaparinux in the treatment o f venous thromboembol ism and 
. . .. . rq-im 

cn.uLcc cu ro r id ry bynuromes* ' ' . 

Thee potential drawback o f any anticoagulant agent is the risk o f bleeding 
complications.. Fondaparinux has a biological half-life o f approximately 17 
hours,, and a strategy to reverse the anticoagulant state in case o f a life-
threateningg bleeding or in case o f acute surgery, seems desirable. 

AA candidate for reversal o f the anticoagulant effect o f fondaparinux is 
recombinantt factor Vila (rFVIIa), which has the ability to normalize the 
prothrombinn times in subjects taking warfarim ', or to restore thrombin 
generationn during inhibit ion o f the tissue factor-factor Vila complex' '. 

Thus,, we investigated, in healthy male volunteers, whether rFVIIa is able to 
neutralizee the anticoagulant effect of 10 mg fondaparinux, which is four 
timess the dose in prophylactic treatment o f venous thromboembol ism. 

Methods s 

Subjectss selection 

Healthyy male subjects (age 18 to 45 years), wi th a body mass index 
betweenn 18 and 30 kg/m and a maximum weight o f 1 00 kg, were eligible. 
Subjectss with a personal or family history o f thrombosis or bleeding 
disorderss were excluded. All subjects gave written informed consent. The 
studyy was approved by the Medical Ethics Committee o f the Academic 
Medicall Center, Amsterdam, the Netherlands. The study protocol was 
conductedd in accordance with the International Conference on 
Harmonizationn o f Good Clinical Practice Guidelines^ ' . 
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Studyy drugs 

Subjectss were randomized to one of three treatment strategies: (a) 
fondaparinuxx and placebo (n=4); (b) fondaparinux and rFVIIa (n=8); (c) 
placeboo and rFVIIa (n=4). 

Randomizationn was single blind (for subjects) for fondaparinux and double 
blindd for rFVIIa. Fondaparinux (10 mg) (Arixtra®, Organon/Sanofi-
Synthelabo,, Oss, The Netherlands/Paris, France), or placebo was 
administeredd as a single subcutaneous (s.c.) dose o f 0.8 ml. Two hours 
fol lowingg study drug administrat ion, recombinant factor Vila (Novo 
Seven®,, Novo Nordisk, Copenhagen, Denmark), 90 ug/kg or an equal 
amountt o f placebo was given as an intravenous (i.v.) bolus injection. 

Bloodd sampling 

Bloodd samples were collected before fondaparinux or placebo 
administrationn (t=0) and 1.5, 2 (just before rFVIIa administrat ion), 2.5, 3, 
3.5,, 4, 5, 6, 8, and 24 hours thereafter. 

Att each sampling, the first 5 ml blood was discarded, after which 9 ml was 
collectedd in tubes containing 1 ml citrate (final concentration 0.32%) and 
55 ml was collected in K3 EDTA Vacutainer tubes. Blood was centrifuged at 
2200gg for 20 minutes at 18 . Plasma was separated, pooled and filled 
outt in cryocups and frozen at - 80 C until analysis was performed. These 
proceduress were completed within one hour after blood sampling. 

Assays s 

Thee thrombin generation time (TGT) was measured 
spectrophotometricallyy using the f ibrin polymerization method. Thrombin 
generationn was initiated by adding calcium and recombinant tissue factor 
(50000 x diluted prothrombin time concentration) and results were 
expressedd as T Vi (t ime to reach the midpoint o f clear to maximal turbid 
density).. The endogenous thrombin potential (ETP) was performed as 
previouslyy described^ '. In short, thrombin potential was determined 
amidolyticallyy at 37 C in defibrinated plasma containing phospholipids, 
tissuee factor, and calcium. Results were expressed as a percentage o f 
standardd pooled plasma. Plasma concentration o f prothrombin fragment 
1+22 (F1 + 2) was measured by sandwich-type ELISA assay (Dade-Behring, 
Marburg,, Germany). Activated partial thromboplast in time (aPTT) and 
prothrombinn time (PT) were determined according to standard methods. 
Plasmaa levels o f factor VII antigen were determined using the Asserachrom 
VII:Agg assay (Diagnostica Stago, Asnieres-sur-Seine, France). Fondaparinux 
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plasmaa concentrations were measured by an amidolytic photometric assay 
methodd based on the anti-Xa activity o f the anti thrombin-fondaparinux 
complex.. During the sample preparation, factor Xa and the chromogenic 
substratee S-2222 were added to the samples after which the amount o f 
hydrolyzedd substrate was measured by a spectrophotometer. 

Statisticall  analysis 

Differencess between treatment groups were compared with an analysis o f 
variancee with a covariate (ANCOVA) on the log-transformed area under 
thee curve (AUC) measured between the time points 2 and 8 hours after 
fondaparinuxx (or placebo) administrat ion, with the log-transformed 
baselinee values as covariate. Additionally, pairwise comparisons using 
ANOVAA and post-hoc Scheffé adjustment were performed to identify 
differencess between the groups per time point. To detect differences in 
meann parameter values within a group, paired t-tests were used. A p-value 
o ff <0.05 was considered statistically significant. Figures present mean 
valuess plus standard deviations per group for each parameter. 

Results s 

Thrombinn generation and thrombin activity 

Fondaparinuxx doubled the thrombin generation t ime, which remained 
elevatedd up to 8 hours after administrat ion (Figure 1). Rapid normalization 
occurredd after administration o f rFVIIa, persisting at least 6 hours after 
injection.. This marked reduction was reflected in the significant lower AUC 
betweenn time points 2 and 8 in the fondaparinux + rFVIIa group compared 
too the fondaparinux alone group (p<0.001). Recombinant FVIIa alone 
resultedd in a similar proport ional decrease o f the thrombin generation time 
ass observed in the fondaparinux + rFVIIa group. 

Thee endogenous thrombin potential decreased by 24% after fondaparinux 
administrationn (p=0.001) (Figure 2). This reduction persisted up to 8 
hourss after administration. A rapid increase, although not to baseline 
levels,, was obtained by rFVIIa injection. The ETP between time points 2 and 
88 hours was 9% higher in the fondaparinux + rFVIIa group compared with 
thee fondaparinux alone group (p=0.056). Injection of rFVIIa alone resulted 
inn a temporary increase with a maximum o f 10% at 0.5 and 1 hour after 
injection,, and returning to baseline values 2 hours post-injection. 

Plasmaa levels o f prothrombin activation peptides F-|+2 (which indicate 
prothrombinn to thrombin conversion) were reduced after the 
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FigureFigure 1 - Effect of fondaparinux and or recombinant Vila (rFVIIa) administration on thrombin 
generationn time (TCT). S.c. administration of fondaparinux or placebo at t=0. After 2 hours, rFVIIa or 
placeboo was injected intravenously. *P<0.05 (post hoc Scheffe test) per time point, 
fondaparinux-rlVllaa vs fondaparinux alone; =P<0.05, fondaparinux+rFVIIa vs rFVIIa alone. 
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FigureFigure 2 - Effect of fondaparinux and/or recombinant Vila (rFVIIa) administration on endogenous 
thrombinn potential (ETP). S.c. administration of fondaparinux or placebo (at t=0). After 2 hours rFVIIa 
orr placebo was injected intravenously. No significant differences were observed between the groups. 
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administrationn o f fondaparinux (from 4 nmol /L at baseline to a 
minimumm o f 7 nmol /L at 24 hours; p=0.045; Figure 3). 
Administrat ionn o f recombinant factor Vila prevented this decrease up to 3 
hourss post-injection. Prothrombin activation between time point 2 and 8 
wass increased by 34% in the fondaparinux + rFVIIa group compared to the 
fondaparinuxx alone group (p=0.022). 

FigureFigure J - Effect of fondaparinux and/or recombinant Vila (rFVIIa) administration on prothrombin 
fragmentss 1+2 (F-,._)). S.c. administration of fondaparinux or placebo at t=0. After 2 hours, rFVIIa or 
placeboo was injected intravenously. #P<0.05 (post hoc Scheffe test) per time point, 
fondapannux*rFVIIaa vs rFVIIa alone. 
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Clott ingg times 

Administrat ionn o f fondaparinux resulted in a mean increase o f the aPTT 
fromm 1 sec to 3 sec 1.5 hours post-administration 
(p=0.004).. The aPTT remained elevated at least 8 hours after 
administrationn (Figure 4a). Immediately after rFVIIa injection, the aPTT 
decreasedd to values similar to baseline, whereas the aPTT remained 
prolongedd after placebo injection. After this initial correction, the aPTT 
graduallyy increased again and 6 hours after injection, the effect o f rFVIIa 
wass no longer detectable. The AUC analysis between time point 2 and 8 
hourss revealed a significant reduction o f the aPTT in the fondaparinux + 
rFVIIaa group compared to the fondaparinux alone group (p=0.015). 
Administrat ionn o f rFVIIa alone produced a similar relative decrease and 
durationn o f the aPTT as observed in the fondaparinux + rFVIIa group. 
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44 - Effect of fondaparinux and or recombinant Vila (rFVIIa) administration on aPTT and PT. S.c. 

administrationn of fondaparinux or placebo at t=0. After 2 hours. rFVIIa or placebo was injected 

intravenously.. *P<0.05 (post hoc Scheffe test) per time point, fondapannux^rFVIIa vs fondaparinux 

alone;; —P<0.05, fondaparinux+rFVIIa vs rFVIIa alone. 
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Thee PT slightly increased after fondaparinux administrat ion, f rom 6 
secc to 9 sec at 1.5 hours (Figure 4b). Subsequent administrat ion o f 
rFVIIaa resulted in a marked shortening of the PT to 9.2+0.9 sec 
(p<0.0001).. Between time points 2 and 8 hours, rFVIIa injection resulted 
inn a 26% reduction o f the PT after fondaparinux compared to fondaparinux 
alonee (p<0.001). In the group receiving rFVIIa alone, the PT fell to 3 
sec,, and remained lower up to 24 hours. 

Factorr VII and fondaparinux plasma levels 

Injectionn o f rFVIIa resulted in a sharp increase o f factor VII plasma leveis, 
risingg from 64% to 251% at 30 minutes after injection. Thereafter, factor VII 
levelss decreased wi th an estimated plasma half-life o f 1.25 hour and 
reachedd virtually normal levels at 24 hours after injection (data not 
shown).. Subjects treated wi th fondaparinux and rFVIIa had somewhat 
lowerr maximal peak factor VII levels (186% at 30 minutes), wi th a similar 
plasmaa half-life as the rFVIIa alone group. 

Injectionn o f rFVIIa had no effect on the pharmacokinetic profile o f 
fondaparinux.. Maximum plasma levels o f fondaparinux were reached at 
1.55 to 2.5 hours after administration (  1.1 mg/L), with a half-life o f 1 6 

hours,, and plasma levels at 24 hours o f approximately 0.3 mg/L (data not 
shown). . 

Discussion n 

Thee central role o f factor Xa in coagulation makes this protease a desirable 
targett for ant i thrombotic therapy. Heparin and low-molecular-weight 
heparinss are inhibitors o f factor Xa but their lack o f specificity (due to 
simultaneouss inhibit ion o f thrombin and other activated coagulation 
factors)) may contribute to a relatively small therapeutic window and to the 
riskk o f bleeding. Pentasaccharides are synthetic agents capable o f highly 
selectivee factor Xa inhibi t ion. Fondaparinux 2.5 mg s.c. was shown to 
effectivelyy and safely prevent venous thromboembolism after orthopedic 
surgery'' " '. Fondaparinux has a relatively long elimination half-life and 
higherr dosages are now being evaluated for the treatment o f venous and 
arteriall thrombot ic disease. For patients who experience bleeding 
complicationss or require acute surgical intervention, reversal o f the 
anticoagulantt effect o f fondaparinux may be desirable. Our results 
demonstratee that administrat ion o f recombinant factor Vila is able to 
overcomee the inhibit ion o f thrombin generation in healthy subjects treated 
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withh 10 mg s.c. fondaparinux. We observed a normalization o f the 
fondaparinux-inducedd prolongation o f aPTT and PT by administration o f 
rFVIIa.. Sensitive thrombin generation assays demonstrated the efficacy o f 
rFVIIaa in restoring impaired thrombin formation after fondaparinux 
administration.. These in vivo results add to in vitro data, showing that 
rFVIIaa not only reverses the anticoagulant effect o f fondaparinux but also 
thee profibrinolytic effects o f this agent' ', probably through activation o f 
thrombin-activatablee fibrinolysis inhibitor (TAFI) by rFVIIa( '. This effect 
appearss not to be specific for fondaparinux since rFVIIa is able to reverse 
thee effect o f other anticoagulants such as the tissue factor inhibitor 
rNAPC2'' ', indicating that infusion o f high levels o f factor Vila activates 
sufficientt amounts o f non-fondaparinux-inhibited factor X to achieve 
normall thrombin generation. 

Whereass the observed normalization o f coagulation in vivo strongly 
suggestss clinical efficacy, it is unknown whether these results imply that 
rFVIIaa is effective in the treatment o f clinically significant hemorrhages 
duringg fondaparinux therapy, even though rFVIIa demonstrated efficacy in 
otherr clinical bleeding condit ions' ' " '.Fondaparinux administration 
resultedd in both an aPTT and PT increase up to 5.6 seconds and 1.1 
seconds,, respectively. Although these post-fondaparinux clott ing times 
weree significantly higher than baseline, these measurements are diff icult to 
usee in a clinical setting on individual patients to determine the 
anticoagulantt effect o f fondaparinux, since the effects are relatively small 
andd are not always consistent with changes in anti-Xa levels. 

Thee duration o f the effect o f a single 90 ug/kg i.v. dose o f rFVIIa differed 
betweenn parameters and varied from 2 to 6 hours. Continued activation 
upp to 6 hours as seen with the prothrombin and thrombin generation 
assayss indicated a sustained effect o f rFVIIa, overcoming the inhibitory 
effectt o f fondaparinux. These data support earlier observations in which 
rFVIIaa was capable o f inducing thrombin generation in the absence o f 
tissuee fac tor ' ' ', possibly due to the high supraphysiological plasma 
levelss o f factor Vila obtained (251%). In patients with active bleeding sites, 
thee complex o f exposed tissue factor and factor Vila has an even greater 
potentiall o f factor X activation compared to rFVIIa alone, and therefore the 
effectt o f rFVIIa is likely to be more pronounced in these cases. 

Thee safety o f recombinant factor Vila administration needs consideration. 
Thee number o f reports o f thrombot ic complications fol lowing rFVIIa 
therapyy is relatively low' " ', while its application is extending rapidly for 
variouss indications' " ' '. However, the risk of thrombotic 

complicationss is higher in patients treated wi th anticoagulant therapy due 
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too recently diagnosed venous or arterial thrombosis, especially in patients 
treatedd for acute coronary syndromes due to increased tissue factor 
expressionn at the culprit coronary lesion. Therefore, until more evidence 
becomess available, rFVIIa should be used prudently and only i f 
conventionall treatments fail. The dosage o f rFVIIa used in this study did 
nott result in an overshoot o f coagulation, with none o f the parameters 
showingg possible procoagulant values. 

Currentt data in over 2000 patients receiving the prophylactic 2.5 mg dose 
o ff fondaparinux^ " ' reveal a low incidence o f serious bleeding 
complicationss with no bleedings in critical organs, and 0.4% bleedings 
r p m i i n n aa rpnnp ra rmn  — 1 - o — - r - - - -

Higherr dosages (up to 12 mg), used in the arterial thrombosis trials 
(unstablee angina) had a incidence o f major bleeding varying between 0% 
andd 1.8%, wi thout a clear dose-response relationships ', although the 
combinat ionn with a thrombolytic agent (alteplase) increased the incidence 
o ff major bleeding between 4.9% and 7.8% (similar to patients receiving 
alteplasee and UFH ' '. However, clinical experience is l imited, and in case o f 
bleedingg complications in vital organs (e.g. intracranial) or life-threatening 
bleeding,, the use o f an antidote may be desirable. 

Wee conclude that recombinant factor Vila is capable o f normalizing 
thrombinn generation after subcutaneous administration o f 10 mg 
fondaparinuxx in healthy male subjects, and may be a suitable antidote in 
casee o f serious bleeding complications in patients treated wi th 
fondaparinux. . 
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Reee Factor Vila to Reverse Idraparinux 

S u m m a r y y 

BackgroundBackground - In the novel class o f selective factor Xa inhibitors, the 
pentasaccharidee idraparinux is now evaluated for the treatment of 
thromboembol icc disorders. This synthetic compound provides stable 
therapeuticc anticoagulant levels when administered once weekly 
subcutaneously.. Since situations may arise in which the anticoagulant 
effectt o f idraparinux needs to be counteracted, i.e. serious bleedings, we 
investigatedd whether recombinant factor Vila (rFVIIa) was able to reverse 
thee anticoagulant effects o f idraparinux. The effect o f rFVIIa was tested on 
healthyy male subjects both during peak plasma levels o f idraparinux (3 
hourss after administration) as well as during trough therapeutic plasma 
levelss (1 week after administrat ion). 

MethodsMethods -Twelve subjects received a single s.c. dose o f 7.5 mg idraparinux, 
whichh is 3 fold higher than the currently recommended dose. Subsequently, 
subjectss were randomized, in a placebo-controlled double blind design, to 
aa single i.v. bolus o f rFVIIa (90 ug/kg) 3 hours after idraparinux and 
placeboo at 7 days (n=6), or placebo at 3 hours after idraparinux and rFVIIa 
injectionn at 7 days (n=6). 

ResultsResults -The inhibit ion of thrombin generation by idraparinux, as 
reflectedd by an increased thrombin generation time (TGT) and decreased 
levell o f prothrombin fragment 1+2 (F 1 + 2 ) , was partially reversed by 
injectionn o f rFVIIa 3 hours after idraparinux administrat ion, although the 
endogenouss thrombin potential (ETP) showed no clear change after rFVIIa. 
Injectionn rFVIIa rapidly decreased the idraparinux-induced prolonged 
activatedd partial thromboplast in time (aPTT), and completely reversed the 
prolongedd prothrombin time (PT). 

rFVIIaa 1 week after idraparinux had a similar proport ional effect and 
reversedd the prolonged aPTT, PT, T G T F1+2 markedly, and the ETP 
modestlyy increased after rFVIIa injection. 

ConclusionConclusion - Recombinant factor Vila injection had a significant effect on 
thee idraparinux-inhibited coagulation times and thrombin generation. 
Thesee results suggest that rFVIIa may be useful to reverse the anticoagulant 
effectt in case o f serious bleeding complications in patients treated with 
idraparinux. . 
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Introduction n 

Recently,, a novel class of anticoagulants has been introduced in the 
prophylaxiss and treatment o f venous thromboembol ism. This class, the 
pentasaccharides,, have a selective factor Xa inhibitory effect by binding to 
ant i thrombinn resulting in a 300-fold increase o f ant i thrombin activity 
againstt factor Xa, wi th no direct inhibit ion o f thrombin. The first developed 
syntheticc pentasaccharide, fondaparinux, has a half-life o f approximately 
177 hours after s.c. injection and is superior to the current standard in the 
preventionn o f venous thromboembol ism after orthopedic surgery^1"3'. 
Throughh chemical modi f icat ion, a new synthetic pentasaccharide has been 
developed;; idraparinux (SanOrg 34006). This compound has a similar 
factorr Xa inhibitory effect as fondaparinux, but exhibits a prolonged half-
life,, resulting stable therapeutic anticoagulant levels wi thout the need for 
monitor ingg when administered once weekly. Currently, idraparinux is 
comparedd against (low-molecular weight) heparin and vitamin K 
antagonistss (VKA) in various thromboembolic diseases. A recently 
performedd clinical t r ia l , comparing several doses o f idraparinux against 
standardd VKA treatment in patients with symptomatic deep vein 
thrombosis,, has been satisfactorily completed^4). Phase III trials with 
idraparinuxx in the treatment of venous and arterial thromboembol ic 
disorders,, as well as in patients with atrial f ibri l lat ion are planned. 

Althoughh stable and long-acting anticoagulation by idraparinux is an 
advantagee in many clinical circumstances, there may be situations in which 
thee anticoagulant effect needs to be counteracted, for instance when an 
acutee indication for surgery occurs or in case o f serious bleeding 
complications.. In a previous study, we investigated whether recombinant 
factorr Vila (rFVIIa) was able to overcome the anticoagulant effect o f the 
pentasaccharidee fondaparinux in healthy volunteers^5). In that study, we 
observedd that a single bolus injection o f rFVIIa was able to reverse the 
inhibitedd thrombin generation in healthy volunteers treated wi th 10 mg 
fondaparinux. . 

Inn the present study, we investigated whether rFVIIa was able to reverse the 
inhibitoryy effects o f peak levels o f idraparinux on thrombin generation and 
coagulationn tests in healthy volunteers. The effect o f rFVIIa was tested at 
peakk plasma levels o f idraparinux (3 hours after administrat ion), as well as 
att trough therapeutic plasma levels (7 days after administrat ion). 

AA dose o f 7.5 mg idraparinux was administered, which is 3 fold higher than 
thee currently recommended dose. 
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Methods s 

Subjectt selection 

Healthyy male subjects (age 18 to 45 years), with a body mass index 
betweenn 18 and 30 kg/m and a maximum weight o f 1 00 kg, were eligible. 
Subjectss with a personal or family history o f thrombosis or bleeding 
disorderss were excluded. All subjects gave written informed consent. The 
studyy was approved by the Medical Ethics Committee o f the Academic 
Medicall Center, Amsterdam, the Netherlands. The study protocol was 
conductedd in accordance with the International Conference on 
Harmonizationn o f Good Clinical Practice Guidelines^ '. 

Studyy design 

Alll 12 subjects received 7.5 mg idraparinux subcutaneously. Subsequently, 
subjectss were randomized to one o f two regimens: (a) rFVIIa 3 hours after 
idraparinuxx and placebo 171 hours after idraparinux {rFVIIa-placebo 
group)(n=6);group)(n=6); or (b) placebo 3 hours after idraparinux and rFVIIa 171 
hourss after idraparinux (placebo-rFVIIa group)(r\=6). The study was 
double-blindd for rFVIIa. 

Idraparinuxx (Organon/Sanofi-Synthelabo, Oss, The Netherlands/Paris, 
France)) was administered as a single subcutaneous (s.c.) dose o f 7.5 mg in 
0.55 ml. Recombinant factor Vila (Novo Seven®, Novo Nordisk, 
Copenhagen,, Denmark) 90 ug/kg, or an equal volume o f placebo was 
administeredd as a single intravenous (i.v.) bolus injection. 

Bloodd sampling 

Bloodd samples were collected just before idraparinux administration (t=0) 
andd 2, 3 (just before rFVIIa/placebo administrat ion), 3.5, 4, 4.5, 5, 6, 7, 9, 
andd 23 hours thereafter. On day 8, i.e. 171 after idraparinux 
administrat ion,, sampling was performed before and after rFVIIa/placebo 
administrationn according to the previous time points. 

Att each sampling, the first 5 ml blood was discarded, after which 9 ml was 
collectedd in tubes containing 1 ml citrate (final concentration 0.32%) and 
55 ml was collected in K3 EDTA Vacutainer tubes. Blood was centrifuged at 
2200gg for 20 minutes at 18 . Plasma was separated, pooled and filled 
outt in cryocups and frozen at - 80 C until analysis was performed. These 
proceduress were completed within one hour after blood sampling. 
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Assays s 

Thee thrombin generation time (TGT) was measured 
spectrophotometricallyy using the f ibrin polymerization method. Thrombin 
generationn was initiated by adding calcium and recombinant tissue factor 
(25000 x diluted prothrombin time concentration) and results were 
expressedd as t V2 max (time to reach the midpoint o f clear to maximal 
turbidd density). The endogenous thrombin potential (ETP) was performed 
ass previously described' '. In short, thrombin potential was determined 
amidolyticallyy at 37 C in defibrinated plasma containing phospholipids, 
tissuee factor, and calciumchloride. Results were expressed as a percentage 
o ff standard nonlpd nlasma. Plasma concentration of Prothrombin 
fragmentt 1 +2 (F1+2) was measured by a sandwich-type ELISA assay (Dade-
Behring,, Marburg, Germany). Activated partial thromboplastin time 
(aPTT)) and prothrombin time (PT) were determined according to standard 
methods.. Plasma levels o f factor VII antigen were determined using the 
Asserachromm VII:Ag assay (Diagnostica Stago, Asnieres-sur-Seine, France). 
Idraparinuxx plasma concentrations were measured by an amidolytic 
photometricc assay method based on the anti-Xa activity o f the 
antithrombin-idraparinuxx complex. Factor Xa and the chromogenic 
substratee S-2222 were added to the samples after which the amount o f 
hydrolyzedd substrate was measured by a spectrophotometer. 

Statisticall analysis 

Differencess between treatment groups were compared with an analysis o f 
covariancee (ANCOVA) on the log-transformed area under the curve (AUC) 
dividedd by time span during the first 6 hours after rFVIIa or placebo 
injection.. Log-transformed baseline values were used as covariate. 
Addit ionally,, ANOVA in the six hours fol lowing rFVIIa were performed to 
identifyy differences between the groups per time point. To detect 
differencess between time points within a group, paired f-tests were used. A 
p-valuee o f <0.05 was considered statistically significant. Data in the figures 
aree presented as mean values ) per group for each parameter. 

Results s 

Thrombinn generation and thrombin activity 

Administrationn of idraparinux increased the thrombin generation time 
(TGT)) from 0 seconds to a maximum 3 seconds at 2 hours 
(p<0.001)(Figuree 1; placebo-rFVIIa group). The TGT gradually decreased 
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FigureFigure 1 - Effect of recombinant factor Vila (rFVIIa) on thrombin generation time (TGT). RFVIIa was i.v. 
nisceredd 3 hours (rFVIIa-placebo group) or 171 hours (placebo-rFVIIa group) after 7.5 

mgg idraparinux s.c. (administered at t - 0 hours). Significant (r-re.se) differences (p<0.05) 
eenn the two groups during the first 6 hours after rFVIIa are marked with *. 
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too 8 seconds at 23 hours. Injection o f rFVIIa 3 hours after 
idraparinuxx resulted in an immediate decrease o f the TGT from 665+133 
secondss to 341 2 seconds 0.5 hours after administration 
(p=0.001)(Figuree 1; rFVIIa-placebo group). The TGT remained significantly 
lowerr up to 4 hours after rFVIIa injection compared to the placebo-rFVIIa 
group.. This marked reduction o f the TGT by rFVIIa was reflected in a 
significantlyy lower AUC between time points 3 and 9 compared to the 
placeboo group (-31%; p=0.005). 

Onn day 8 (171 hours after idraparinux), both groups had comparable TGT 
timess o f 0 seconds which were still higher than pre-idraparinux levels 
(p=0.001).. Injection o f rFVIIa resulted in a comparable relative decrease o f 
thee TGT as observed during peak levels o f idraparinux, resulting in a TGT o f 

99 seconds 0.5 hours after injection (p=0.001). The TGT remained 
significantlyy lower up to 20 hours after rFVIIa injection compared to the 
rFVIIa-placeboo group. The AUC reduction was 45% in the placebo-rFVIIa 
groupp compared to rFVIIa-placebo group (p<0.001). 

Thee endogenous thrombin potential decreased from % at baseline 
too % after idraparinux administrat ion (p=0.001 )(Figure 2). There 
wass a slow and moderate increase o f the ETP during the fol lowing 23 hours 
too . Wi th lower baseline levels in the rFVIIa-placebo group, the ETP 
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recombinantt factor Vila (rFVIIa) on the endogenous thrombin potential (ETP). 

RFVIIaa was i.v. administered 3 hours (rFVIla-placebo group) or 171 hours (placebo-rFVIIa group) after 

7.55 mg idraparinux s.c. (administered at t = 0 hours). Significant (c-cest) differences (p<0 | ; 

thee two groups during the first 6 hours after rFVIIa are marked 
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revealedd a similar proport ional decrease after idraparinux injection, 
althoughh the mean values at 2 and 3 hours were significantly lower than 
thee placebo-rFVIIa group. The ETP showed a small increase after rFVIIa 
injectionn of 7% at 0.5 hours after administration (p=0.04), but did not 
exceedd the ETP o f the placebo-rFVIIa group. The AUC was similar in both 
groupss (p-1 .0) . 

ETPP levels at day 8 after idraparinux were % for the rFVIIa-placebo 
groupp and % for the placebo-rFVIIa group. rFVIIa injection resulted 
inn a similar moderate ETP increase o f 10%, with significantly higher ETP 
levelss in the 6 hours fol lowing rFVIIa injection compared to the rFVIIa-
placeboo group. The AUC was 11% higher in the placebo-rFVIIa group 
comparedd to the rFVII-placebo group (p=0.002). 

Thee plasma levels o f prothrombin fragment 1+2 (F 1 + 2 ) slightly decreased 
afterr idraparinux administration from 4 nmol /L at baseline to a 
minimumm o f 1 nmol /L 7 hours after administration 
(p=0.003)(Figuree 3). Injection o f rFVIIa three hours after idraparinux 
preventedd this F1+2 decrease up to 6 hours after injection, resulting in a 
significantlyy 15% higher AUC in comparison with the placebo-rFVIIa-group 
(p=0.005). . 
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FigureFigure 3 - Effect of recombinant factor Vila (rFVIIa) on prothrombin fragemts 1+2 (F-,. 7). RFVIIa was 
i.v.. administered 3 hours (rFVIla-placebo group) or 171 hours (placebo-rFVIIa group) after 7.5 mg 
idraparinuxx s.c. (administered at t = 0 hours). Significant (r-cesr) differences (p<0.05) between the two 
groupss during the first 6 hours after rFVIIa are marked with *. 
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AA more profound effect o f rFVIIa was observed at day 8 after idraparinux, 
withh a rapid and distinct F1+2 increase from 4 nmol /L before 
rFVIIaa injection to a maximum o f 4 nmol /L 4 hours later (p=0.04). 
Levelss at 0.5 and 1 hours were significantly higher in the placebo-rFVIIa 
group,, with a non-significant 23% higher AUC in the 6 hours post rFVIIa in 
thee placebo-rFVIIa group compared to the rFVIIa-placebo group (p=0.09). 

Clott ingg times 

Inn the placebo-rFVIIa group, idraparinux increased the aPTT from 8 
secondss to 4 seconds 0.5 hours post-idraparinux (p=0.001 )(Figure 
4a).. During the fol lowing 23 hours, the aPTT slightly decreased to 

22 seconds. Injection o f rFVIIa resulted in a sharp decrease o f the 
aPTTT to 2 seconds, and remained at this level and significantly 
lowerr than the placebo-rFVIIa group up to time point 9 hours. The AUC 
analysiss in the 6 hours fol lowing rFVIIa revealed a significant reduction o f 
thee aPTT in the rFVIIa-placebo group compared to the placebo-rFVIIa 
groupp (p=0.002). 

AA persistently higher aPTT o f 9 seconds in the placebo-rFVIIa group 
wass observed at day 8 compared to the rFVIIa-placebo group (36.0+2.8 
seconds).. A decrease to levels lower than the rFVIIa-placebo group 

1 1 6 6 



Reee Factor Vi la to Reverse Idraparinux 

FigureFigure 4 - Effect of recombinant factor Vila (rFVIIa) on aPTT and. RFVIIa was i.v. administered 3 hours 

(rFVII la-place bo group) or 1 71 hours (placebo-rFVIIa group) after 7.5 mg idraparinux s.c. (administered 

att t = 0 hours). Significant (t-cesc) differences (p<0.05) between [he two groups during the first 6 hours 

afterr rFVIIa are marked with *. 
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occurredd immediately after rFVIIa injection which remained lower up to 4 

hourss after injection, resulting in a 8% lower AUC (p=0.007). 

Thee prothrombin time increased after idraparinux administration from 
99 at baseline to 6 seconds at 2 hours (p=0.001), and 

remainedd significantly higher compared to baseline levels up to 9 hours 
afterr administration (Figure 4b). Immediately after injection o f rFVIIa, the 
prothrombinn time decreased to 7 seconds (p<0.005), and 
remainedd significantly lower than the placebo-rFVIIa group up to time 
pointt 23 hours. This shortening o f the PT resulted in a 23% AUC reduction 
inn the 6 hours after rFVIIa injection o f 23% (p<0.001). 

Att 1 week, the prothrombin times were similar as baseline values. A 
decreasee to 9.8+0.4 seconds was observed when rFVIIa was administered, 
whichh remained significantly lower compared to the placebo group up to 7 
hourss post-rFVIIa injection. This was reflected in a 24% AUC reduction 
(p<0.001). . 

Factorr VII and idraparinux plasma levels 

Factorr VII antigen plasma levels increased from 75% at baseline to a 
maximumm o f 195% 0.5 hours post-rFVIIa injection and remained elevated 
upp to time point 9 hours (data not shown). At 23 hours, the plasma levels 
weree comparable with baseline. 

Thee maximum factor VII plasma level reached when rFVIIa was 
administeredd 1 week after idraparinux was higher (224%) than the 
maximumm level observed 3.5 hours after idraparinux (195%), and similarly 
remainedd elevated up to 6 hours after injection. Both groups showed a 
comparablee rFVIIa half-life o f approximately 2.4 hours. 

Injectionn of rFVIIa had no effect on the pharmacokinetic profile o f 
idraparinux.. Maximum plasma levels of idraparinux were reached at 3 
hourss after administration (1.7 mg/L) , with plasma levels at 1 week (171 
hours)) of 0.3 mg/L (data not shown). 

Discussion n 

Thee introduction of the factor Xa inhibitor fondaparinux for the 
prophylaxiss and treatment o f thromboembol ic disorders has resulted in a 
promisingg efficacy and safety profile when compared to standard 
treatment'' " ' ' '. Recently, a novel compound in this class o f 
pentasaccharidess has been developed, designed for long-term use as a once 
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weeklyy anticoagulant in the treatment and prevention of thromboembol ic 
disorders.. The high affinity binding to ant i thrombin is believed to be the 
majorr determinant for the prolonged half-life o f idraparinux resulting in 
stablee therapeutic anticoagulation levels for at least 7 days when 
administeredd once weekly with a single subcutaneous administrat ion. This 
compoundd is therefore very suitable for both initial as well as long-term 
treatmentt o f both venous and arterial thromboembolic disorders. 
Currently,, several clinical trials challenging regimens o f parenteral 
(unfractionatedd and low-molecular weight heparins) and oral (VKA) 
anticoagulantss are designed. 

Inn this study, we observed that rFVIIa significantly decreased the inhibitory 
effectt o f idraparinux on thrombin generation and clott ing times in healthy 
subjects.. Both during peak and trough plasma levels o f idraparinux, rFVIIa 
resultedd in a consistent 20-30% decrease o f the thrombin generation t ime, 
aPTT,, and PT. Additionally, rFVIIa prevented the decrease o f the in-vivo 
thrombinn generation marker F1+2 after idraparinux administrat ion, and 
markedlyy increased F1+2 levels during trough idraparinux levels. The ETP 
onlyy showed a moderate change by rFVIIa, both during peak and trough 
idraparinuxx levels. During peak plasma concentrations o f idraparinux, the 
TGT,, aPTT, and ETP did not return to baseline levels after rFVIIa injection, 
whilee at trough plasma idraparinux levels (at 1 week) they d id. In order to 
correctt coagulation during peak levels o f 7.5 mg idraparinux, a higher 
dosagee o f rFVIIa may be required. On the other hand it should be stressed 
thatt the dose tested here is 3-fold higher than the idraparinux dose to be 
usedd in venous and arterial thrombot ic diseases. rFVIIa in this study 
resultedd in a significant (20-30%) correction o f the idraparinux inhibited 
coagulationn assays. Therefore, a complete correction to to baseline 
coagulationn levels might be attained at steady state levels o f 2.5 mg 
idraparinux,, because these levels 6 mg/L) are comparable to the 
concentrationn 1 week after a single 7.5 mg dose' '. Wi th the extending use 
o ff this long-acting pentasaccharide, there may be a need for counteracting 
thee anticoagulant effect in case o f emergency situations, such as acute 
interventionn or serious bleeding complicat ion. 

Whetherr these effects o f rFVIIa on the several idraparinux inhibited 
coagulationn assays indicate clinical efficacy, i.e. contain a clinically 
significantt bleeding in an idraparinux treated patient, is unknown. 
However,, rFVIIa has been shown to be a potent prohemostatic agent in 
variouss situations with a seriously impaired coagulation system and during 
majorr peroperative blood loss' " '. 
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Thesee results are consistent with our previous observation in which rFVIIa 
wass able to reverse the anticoagulant effect o f the pentasaccharide 
fondaparinuxx on thrombin generation and clot t ing assays' '. 

Thee mechanism o f action by which rFVIIa is able to induce thrombin 
generationn in subjects treated with the factor Xa inhibitor idraparinux is not 
byy a direct neutralization o f the compound idraparinux. rFVIIa is a non-
selectivee strong activator o f the coagulation system and presumably acts by 
activatingg sufficient amounts o f non-idraparinux-inhibited factor X to 
achievee thrombin generation. By this mechanism, rFVIIa has been shown to 
reversee the inhibitory effects of not only selective Xa inhibitors (idraparinux, 
fondaparinux),, but also of other anticoagulants such as tissue-factor-
factorr Vila inhibitors (rNAPc2) ' 1 3 ' , and vitamin K antagonists'14^. It is 
thereforee likely that the observed counteracting effects will be larger when 
moree tissue factor/factor Vila complexes can be generated such as in the 
casee o f extra-vascular damage. 

Wee observed lower peak factor VII antigen (fVllag) levels when rFVIIa was 
administeredd shortly after idraparinux compared to the peak levels when 
rFVIIaa was injected 1 week after idraparinux (195% versus 224%, 
respectively).. These increased peak levels remain during 2 hours post-rFVIIa 
injection.. Since the rFVIIa dosage was not different at 3 hours versus 1 
week,, this suggests that the higher idraparinux concentration influences 
eitherr the FVllag assay or the bioavailability o f rFVIIa. Interestingly, we 
observedd a similar phenomenon with the pentasaccharide fondaparinux. In 
healthyy volunteers receiving rFVIIa alone, FVllag levels were significantly 
higherr (251%) than in subject receiving a similar dose o f rFVIIa 2 hours 
afterr fondaparinux administration ( 1 8 6 % ) ' : \ 

AA direct binding o f idraparinux to rFVIIa with increased plasma clearance o f 
thiss complex is not likely since the plasma concentration o f idraparinux 
showedd no influence o f rFVIIa injection. Furthermore, we observed no 
effectt o f idraparinux on the FVllag assay during in-vitro addit ion o f 
idraparinuxx to control plasma (data not shown). Therefore, this in-vivo 
phenomenonn is more likely to be caused by an up regulation of FVIIa 
bindingg proteins, such as TFPI, which could rapidly neutralize infused 
rFVIIa.. It is clear that other pentasaccharides do not increase TFPI 
levels'' ' ', although no data are available for this compound. Another 
neutralizingg candidate for FVIIa is ant i thrombin, which in combination 
withh unfractionated heparin or pentasaccharides, is capable of binding to 
thee FVIIa-tissue factor complex' " '. At peak idraparinux levels, this effect 
iss more pronounced and could explain the relatively lower FVllag levels 
comparedd those observed at one week after idraparinux administration. 
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Thee approximately 30% lower levels during the first 2 hours after injection 
couldd account for the smaller F-|+2 increase (Figure 3) although all other 
parameterss revealed no influence o f the idraparinux levels, showing similar 
relativee decreases. 

Idraparinuxx administration increased both the aPTT and PT (Figure 4a and 
4b).. These increases were small for the PT i.e. 1.6 seconds, and for 
moderatee for the aPTT i.e. 9.1 seconds. As with the pentasaccharide 
fondaparinux,, aPTT and PT changes do not accurately reflect the 
anticoagulantt effect o f idraparinux, and can therefore not be used for 
individuall patient monitor ing. The relatively small changes in these assays 
aree not consistent with the anti-Xa levels. 

Inn this small healthy volunteer study, no adverse events were observed and 
bothh thrombin generation and clott ing assays showed no overshoot o f 
coagulationn after rFVIIa injection. However, the use o f rFVIIa in patients 
treatedd with idraparinux requires caution. Injection o f rFVIIa results in the 
activationn o f the coagulation system through the tissue-factor dependent 
extrinsicc pathway. In the absence o f tissue factor, peak concentrations o f 
rFVIIaa are capable o f directly activating factor X, and can overwhelm factor 
Xaa inhibitors as seen in this study as well as in others '5 '1 3 ) . However, in 
patientss treated for venous or arterial thrombosis, the increased expression 
o ff tissue factor, either in atherosclerotic arteries^ ' ', intravascular 
thrombus,, or disrupted veins, could lead to a much greater thrombin 
generatingg effect o f injection o f rFVIIa. The high affinity binding o f tissue-
factorr with (r)FVIIa results in a complex wi th a much greater potential o f 
factorr X activation, promoting local thrombus formation at these tissue 
factorr expressing sites. Clearly, in patients with acute coronary syndromes, 
thee use o f rFVIIa should be reserved to life-threatening cases, where in case 
o ff severe bleeding, local interventions and administration o f plasma are 
ineffective. . 

Thiss study shows that recombinant factor Vila has a distinct effect on 
thrombinn generation and clott ing times in subjects treated wi th a single 7.5 
mgg subcutaneous injection o f idraparinux. These results suggest that rFVIIa 
mayy be a suitable treatment in case o f serious bleeding complications in 
patientss treated with idraparinux. 
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Summaryy and Discussion 

S u m m a r yy a n d d i s c u s s i o n 

Thiss thesis focuses on several issues regarding the use of anticoagulants in 

patientss with acute coronary syndromes. 

Chapterr 1 provides an overview o f clinical trials comparing UFH with 
LMWHH for the treatment o f venous thrombosis and arterial thrombosis 
(unstablee angina, Non Q-wave infarction, and stroke). Fixed-dose 
subcutaneouss LMWH is a safe and effective alternative for dose-adjusted 
intravenouss heparin in the treatment o f patients with acute venous 
thrombot icc disease as well as in patients with acute unstable coronary 
syndromes.. The effectiveness o f LMWH in patients with acute myocardial 
infarctionn remains is less well documented. There seems to be no beneficial 
effectt o f LMWH treatment as compared to placebo in patients with acute 
ischemicc stroke, while the risk o f major bleeding was increased. 

Chapterr 2 In the BOLUS Study, we compared two different LMWH 
regimenss in the init iation o f treatment o f ACS patients; (a) an intravenous 
loadingg dose plus subcutaneous enoxaparin versus (b) subcutaneous 
alone.. The impact o f these regimens on the coagulation system was 
quantif iedd in 14 combined regimen patients and 11 single regimen 
patients.. A clear time benefit was obtained with the combined regimen as 
reflectedd in an earlier reduction o f thrombin generation wi thout leading to 
unacceptablyy high anticoagulant levels. We postulate that this earlier 
suppressionn o f coagulation may translate into clinical benefit, as the risk o f 
thrombot icc complications is greatest in the early hours after admission. 

Chapterr 3 The INSTAP I Study was performed after several observations 
weree published where UFH cessation in stabilized ACS patients resulted in 
aa clustering o f recurrent ischemic events within 24 hours after cessation, 
whichh is accompanied by a reactivation o f the coagulation system to levels 
higherr than before treatment. Since LMWHs were becoming the treatment 
o ff choice, this study investigated whether biochemical rebound could be 
observedd after LMWH cessation. This is the first published study showing 
thatt LMWH cessation has a comparable reactivation o f coagulation effect 
ass seen with UFH. The difference with UFH is the time o f occurrence; 
maximall reactivation o f coagulation after UFH is 6 to 12 hours after 
cessation.. It occurred 24 hours after the last administration o f dalteparin, 
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whichh is 12 hours after loss o f therapeutic anticoagulation levels and thus 
comparablee with UFH reactivation. 

Chapterr 4 In the TESSMA Study we investigated whether the 
discontinuationn o f LMWH resulted in clustering of clinical rebound event 
shortlyy after cessation o f treatment. These data were derived from two 
largee clinical trials, on which we performed a retrospective analysis. The 
resultss were consistent wi th our previous biochemical study, and showed a 
clusteringg o f ischemic events in the first 24 hours o f cessation o f therapy 
whichh was comparable to the rebound seen after UFH cessation in other 
studies.. The incidence o f death, M l , and urgent revascularization on the 
firstt day after cessation was 2.3%, while the incidence in the fol lowing day 
wass only 0.8%. Interestingly, patients who were treated with prolonged out-
of-hospitall LMWH administrat ion did not show this early rebound 
phenomenon.. Based on these results, we postulate that cessation o f 
LMWHH or UFH treatment in ACS patients should be followed by a 24-hour 
in-hospitall observation period since a substantial number o f patients could 
sufferr from early recurrent ischemic events. Prolonged treatment or 
weaningg o f LMWH treatment should be prospectively evaluated. 

Chapterr 5, the INSTAP II Study, was designed as a result o f the findings 
fromm the previous two studies. Since rebound thrombosis after LMWH 
discontinuationn is evident, and platelets are involved in this process as 
shownn in other studies, we postulated that the addit ion o f another platelet 
inhibitorr on top o f aspirin might reduce rebound coagulation. The findings 
describedd in this chapter are an interim analysis o f the first 20 patients 
includedd and focussed on three coagulation assays. Inclusion is ongoing 
andd the study will be completed at the inclusion of 44 patients after which 
aa more extensive analysis will be performed. In spite o f a small number o f 
patients,, the findings indicate a significantly higher increase o f the 
thrombinn generation marker F1+2 compared to baseline in the aspirin 
alonee group than in the clopidogrel group. Furthermore, the clear rise o f 
thee thrombin activation marker TAT seen in the aspirin alone group was 
nott seen in the clopidogrel group. We therefore conclude that clopidogrel 
partlyy inhibits rebound coagulation and postulate that part o f the clinical 
benefitt o f clopidogrel in ACS may by due to this phenomenon. 

127 7 



Summaryy and Discussion 

Chapterr 6 and chapter 7, the PENT/ and MAJOT Studies, are similarly 
designedd studies with an identical objective: can recombinant factor Vila 
(rFVIIa)) reverse the anticoagulant effect o f the pentasaccharides 
fondaparinuxx (PENT/ study) or idraparinux (MAJOT study) in healthy 
volunteers?? The results of the PENT/ study showed a complete 
normalizationn by rFVIIa o f the thrombin generation and clott ing tests 
inhibitedd by fondaparinux, with a duration o f 2 to 6 hours. In the MAJOT 
study,study, we observed a similar complete normalization during low plasma 
levelss o f idraparinux, i.e. 1 week after administrat ion, and a partial 
normalizationn at high levels of idraparinux, i.e. 3 hours after 
administrat ion.. The effect o f rFVIIa was proport ionally identical during 
highh and low plasma levels of idraparinux and lasted 2 to 6 hours. As a 
result,, we postulate that rFVIIa is a potential candidate to reverse the 
anticoagulantt effect o f both fonda- and idraparinux in case o f serious 
bleedingg complications. 
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Samenvattingvann achtergrond, resultaten, en conclusies 

Achtergrond d 

Ditt proefschrift richt zich op de toepassing van drie antistollingsmiddelen 
bijj de behandeling van patiënten met een acuut coronair syndroom (ACS), 
datt wil zeggen hartinfarct o f dreigend hartinfarct. Deze drie middelen zijn 
ongefractioneerdd heparine (unfractionated heparin; UFH), laag-moleculair 
gewichtss heparine (low-molecular weight heparin; LMVVH), en pentasac-
charides. . 

Inn het jaar 2001 werden er in Nederlandse ziekenhuizen 45.000 mensen 
opgenomenn met een acuut coronair syndroom. Het overgrote deel van deze 
patiëntenn wordt in het acute stadium behandeld met antistollingsmiddelen 
gedurendee 2 tot 5 dagen. De functie van antistollingsmiddelen bij acute 
coronairee syndromen is het voorkomen van verdere stolselaangroei in één 
vann de kransslagaderen (coronairen). Deze stolselvorming is het gevolg van 
eenn scheurtje in een deel van de coronairvaatwand dat is aangedaan door 
atherosclerose.. Dit geheel leidt to t een acute vernauwing van het vat en 
zuurstoff tekort in een deel van de hartspier. 

Tott 10 jaar geleden was UFH het stollingsmiddel van 1 e keus bij de behan-
delingg van een dreigend hartinfarct (ook wel instabiele angina pectoris 
genoemd).. Door deze therapie daalt de kans op sterfte en het optreden van 
hartinfarctenn in de 1e week na opname met 35% ten opzichte van placebo, 
ofwell 2.5% in absolute zin. Toch zal er ondanks de UFH en andere thera-
pieënn ongeveer 1 op de 13 patiënten overlijden o f een hartinfarct krijgen. 

UFHH wordt intraveneus toegediend en werkt door remming van een aantal 
stollingsfactoren.. Het heeft een korte halfwaardetijd, en frequente dosi-
saanpassingenn zijn nodig vanwege een soms per dag wisselend antistoll ing-
seffect.. Door het chemisch 'knippen' van UFH ontstaan er kortere ketens, 
dee zogenaamde laag-moleculair gewichts heparines (LWMHs) , die een 
aantall voordelen opleveren ten opzichte van UFH. LMWHs geven een spec-
ifiekeree remming van het stollingsysteem en hebben daardoor een voor-
spelbaarderr antistollingseffect waardoor er geen dosisaanpassingen nodig 
zijn.. Het heeft een lange halfwaarde t i jd en wordt goed opgenomen vanuit 
hett onderhuidse vetweefsel, en is daardoor geschikt om bij 1 o f 2 maal per 
dagg een subcutane injectie een goed antistollingseffect te geven. Verschei-
denee klinische onderzoeken hebben de effectiviteit en veiligheid van LMVVH 
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mett UFH vergeleken bij patiënten met een veneuze o f arteriole (ACS) 
thrombotischee aandoening. 

Hoofdstukk 2 geeft een kwanti tat ief overzicht van deze onderzoeken. De 
resultatenn laten zien dat subcutaan toegediende LMWHs een veilig en 
effectieff alternatief zijn voor intraveneuze UFH voor de behandeling van 
patiëntenn met een diep veneuze thrombose als ook bij patiënten met een 
dreigendd hartinfarct. De effectiviteit van LMWHs bij patiënten met een 
acuutt hartinfarct is nog onvoldoende duidelijk. Er lijkt geen voordeel te zijn 
vann het toedienen van LMWH ten opzichte van placebo bij patiënten met 
eenn acuut ischemisch herseninfarct, terwijl wel de kans op ernstige bloedin-
genn toeneemt. 

Omdatt de specifiekere remming van het stoilingssysteem door LMWHs niet 
alleenn veilig, maar soms ook effectiever bleek te zijn bij de behandeling van 
trombose,, zijn er daarna ultra-laag moleculair gewichts heparines 
ontwikkeld,, de pentasaccharides. Zij bestaan uit het kortst werkzame 
onderdeell van UFH, namelijk het deel dat koppelt aan het natuurlijke antis-
tollingseiwitt ant i thrombine. Deze middelen worden volledig synthetisch 
geproduceerdd en remmen slechts 1 specifieke stollingsfactor (factor X). Ze 
hebbenn hetzelfde toedieningsgemak als LMWHs, en zijn niet alleen geschikt 
omm 1 maal per dag te worden toegediend (fondaparinux), maar tevens, 
doorr chemische modif icat ie, 1 maal per week (idraparinux). Op dit 
momentt worden deze pentasaccharides vergeleken met UFH en LMWH bij 
dee behandeling van veneuze en arteriële thrombose. 

Dee positieve resultaten en het toedieningsgemak van LMWH heeft er toe 
geleidd dat LMWH nu wereldwijd het meest toegepaste antistoll ingsmiddel 
iss bij ACS patiënten. Wel blijkt dat er in de praktijk verschillen bestaan in de 
manierr waarop de LMWH therapie wordt gestart. Dit is tevens zichtbaar in 
dee klinische onderzoeken waarbij er soms wordt gekozen om te starten met 
eenn eenmalige intraveneuze toediening van LMWH met een gelijktijdige 
subcutanee toediening, en soms wordt gekozen voor alleen subcutane toedi-
eningg van LMWH. Het voordeel van het een intraveneuze gift is dat het 
onmiddelli jkk leidt to t het onstollen van het bloed terwijl bij een subcutane 
giftt er nog eerst opname naar het bloed moet plaats vinden. Dit leidt ertoe 
datt het antistollingseffect pas na 2 uur optimaal is. O f de ti jdswinst van 
intraveneuss starten voordeel op levert bij ACS patiënten, o f dat deze strate-
giee juist leidt tot onacceptabel hoge antistollingsspiegels is to t op heden 
onduidelijk.. Op dit moment zijn er geen onderzoek gepubliceerd die deze 
tweee strategieën direct met elkaar vergelijken. 
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Inn hoofdstuk 3 [BOLUSStudie) wordt het effect van beide strategieën op 

hett stollingssysteem met elkaar vergeleken. De resultaten laten zien dat er 

eenn duidelijke tijdswinst wordt geboekt bij het gecombineerde intraveneuze 

enn subcutane toedieningsstrategie ten opzichte van de subcutaan alleen 

LMWHH strategie, met een snellere remming van stollingsactivatie, zonder 

datt dit gepaard ging met een onacceptabel hoog antistollingsniveau. Op 

grondd van deze gegevens verwachten we dat deze tijdswinst in stolling-

sonderdrukkingg door het starten met een intraveneuze dosis tot een betere 

behandelingg leidt in vergelijking met het behandelen met alleen subcutaan 

toegediendee L M W H . 

Inn de jaren '90 zijn er verscheidene publicaties verschenen waaruit bleek dat 
hett voordeel van UFH therapie ten opzicht van placebo gedeeltelijk verloren 
gaatt doordat er kort na het stoppen van UFH een soort inhaalslag van ter-
ugkerendee hartklachten werd geobserveerd. Deze reactivatie van 
hartklachtenn ontstond binnen 24 uur na het stoppen van UFH en gaat 
gepaardd met een stollingsreactivatie die te meten is in het bloed. In Neder-
landd zijn er jaarlijks naar schatting 1125 patiënten die overlijden, een 
hartinfarct,, danwei een acute dotterprocedure ondergaan binnen 1 dag na 
hett stoppen van UFH. Deze reactivatie is waarschijnlijk het gevolg van de 
nogg niet herstelde scheur in de vaatwand en nog aanwezig stolselmateriaal 
inn het coronairvat. Het herstel hiervan duurt veel langer dan de gemiddelde 
22 to t 5 dagen behandelingsduur met antistollingsmiddelen. Het reactivatie 
fenomeenn is belangrijk omdat dit een aanzienlijk aantal patiënten treft, en 
tevenss omdat het optreedt bij patiënten die als stabiel worden beschouwd 
enn van de hartbewakingafdeling worden ontslagen, soms zelfs naar huis. 
Tott op heden zijn er geen gegevens bekend o f er ook na het stoppen van 
LMWHH therapie reactivatie op kan treden. 

Inn hoofdstuk 4 en 5 wordt onderzocht o f deze reactivatie van stolling en 

recidieff hartklachten zich ook voordoet na LMWH therapie. 

Dee INSTAP IStudie (hoofdstuk 4) is de eerste gepubliceerde studie die aan-
toontt dat er na het stoppen van LMWHs tevens een stollingsreactivatie 
optreedtt zoals beschreven is na staken van UFH. Het verschil met UFH is 
hett t i jdstip van optreden; maximale reactivatie na UFH is 6 tot 12 uur na 
hett stoppen, bij LMWH was dit 24 uur na de laatste gift, ofwel 12 uur na 
hett verlies van het therapeutische antistollingsniveau. 

Inn de TESSMA Studie (hoofdstuk 5) hebben wij onderzocht o f het stoppen 

vann LMWH ook in klinische situaties leidt tot een clustering van recidief 

hartklachtenn door stollingsreactivatie, zoals gezien in de INSTAP I studie. 
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Dee data hiervoor zijn retrospectief geanalyseerd uit de database van twee 
grotee klinische studies (ESSENCE en TIMI11B, samen de "TESSMA data-
base").. Dit kwam to t stand door samenwerking met de hoofdonderzoeker 
inn Nederland, P.J.LM. Bernink, en de hoofdonderzoeker van het totale 
internationalee onderzoek, Dr. Antman. 

Naa het staken van LMWH werd een duidelijk hogere incidentje van recidief 
ischemischee events gezien in de eerste 24 uur na het stoppen in vergelijking 
mett de dagen hierna. De kans op het ontwikkelen van recidief klachten in 
dee vorm van hartinfarct, overlijden, o f acute noodzaak to t een PTCA 
binnenn 24 uur na stoppen was 2.3%. Dit is vergelijkbaar met de incidentje 
naa het stoppen van UFH. Het contrast met de incidentje van de dag hierna 
iss evident, die bedroeg namelijk 0.8%. Deze clustering trad niet op bij 
patiëntenn die gerandomiseerd waren naar het voortzetten van LMWH in 
eenn lagere dosering thuis. Gebaseerd op deze bevindingen concluderen wij 
datt er een observatie periode van tenminste 24-uurs na het stoppen van 
UFHH o f LMWH moet zijn, aangezien een deel van de patiënten recidief 
hartklachtenn kan ontwikkelen. Verlenging van behandeling o f geleidelijk 
afbouwenn van antistollingstherapie bij een deel van patiënten zijn mogelijke 
verbeteringenn die in nader onderzoek moeten worden bekeken. 

Bloedplaatjess lijken een centrale rol te vervullen bij deze reactivatie van stol-
lingg na UFH o f LMWH therapie. Als aspirine, een medicijn dat de bloedp-
laatjesfunctiee remt, gelijktijdig wordt gestart met UFH en gecontinueerd 
wordt ,, daalt het aantal recidief hartklachten kort na het stoppen van UFH. 
Daarnaastt blijken andere, sterker werkende plaatjesfunctieremmers (b.v. 
intraveneuzee eptifïbatide) een nog verdere daling van recidief klachten te 
bewerkstelligen.. Hieruit blijkt dat bloedplaatjes, ondanks aspirine toedien-
ing,, blijven bijdragen aan stolselvorming, inclusief reactivatie na staken van 
antistollingstherapie. . 

Inn hoofdstuk 6 [INSTAP II Studie)wordt bij patiënten die reeds aspirine 
gebruikenn onderzocht o f het toedienen van een extra bloedplaatjesfunc-
tieremmer,, clopidogrel, de reactivatie na het stoppen van LMWH therapie 
inn ACS patiënten kan verminderen. De resultaten in dit hoofdstuk zijn een 
interimm analyse van de eerste 20 patiënten in deze nog lopende studie en 
richtenn zich op drie stollingsmarkers. Ondanks het beperkte aantal 
patiëntenn tonen de gegevens opnieuw aan dat er een duidelijke reactivatie 
vann de stollingsmarker F1+2 plaatsvindt in beide groepen. Belangrijk ver-
schill tussen de patiënten met aspirine en clopidogrel (n=10) en patiënten 
mett aspirine alleen (n = 10) is dat de stollingsmarker TAT alleen stijgt in de 
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aspirinee groep na stoppen van LMWH en niet in de aspirine + clopidogrel 
groep.. We concluderen daarom dat clopidogrel in staat is een deel reactiva-
t ee van stolling te voorkomen. Mogelijk verklaart dit een deel van de aange-
toondee toegevoegde waarde van clopidogrel boven op aspirine bij de 
behandelingg van ACS patiënten. 

Eénn van de nadelen van antistollingsmiddelen is de verhoogde kans op ern-
stigee bloedingen, bijvoorbeeld hersenbloedingen o f maagbloedingen. In 
gevall van zo'n ernstige bloeding is het noodzakelijk de stoll ing zo snel 
mogelijkk te normaliseren. Voor UFH bestaat er een "tegengif ' , dat wil 
zeggenn een middel dat aan UFH bindt en het inactief maakt. Dit middel, 
protamine,, kan de activiteit van LMWH slechts gedeeltelijk inactiveren. 
Protaminee bindt echter niet aan pentasaccharides, waardoor het antistoll-
ingseffectt niet geneutraliseerd kan worden. 

Inn hoo fds tuk7en 8 {de PENT! studie en MAJOTstudies) wordt er onder-
zochtt o f het toedienen van een ander medicijn, het stollingactiverende 
recombinantt factor Vi la, in staat is normale stolling te herstellen tijden 
gebruikk van pentasaccharides. 

Dee PENTf en MAJOTStudies, hebben een zelfde opzet en werkhypothese. 
Recombinantt factor Vila (rFVIIa) is in combinatie met de kortwerkende 
(fondaparinux,, PENT/ Studie) en de langwerkende (idraparinux, MAJOT 
Studie)Studie) pentasaccharides toegediend bij gezonde vrijwilligers om te onder-
zoekenn o f rFVIIa in staat is de door pentasaccharides geremde bloedstolling 
weerr te activeren. De resultaten van de PENT/ studie lieten zien dat rFVIIa 
toedieningg een complete normalisatie van de stolling kan bewerkstelligen in 
vrijwilligerss die "behandeld" waren met fondaparinux. De duur van normal-
isatiee was tussen de 2 to t 6 uur. In de MAJOT studie, observeerden we een 
vergelijkbaree normalisatie tijdens "dal-waardes" van de plasmaspiegels van 
idraparinux,, dus 1 week na toediening, en een gedeeltelijke normalisaties 
tijdenss "top-waardes" van plasmaspiegels van idraparinux, 3 uur na toedi-
ening.. Het effect van rFVIIa was proportioneel hetzelfde tijdens top- en dal-
spiegelss idraparinux en de duur van het effect was 2 to t 6 uur. We 
concluderenn dat rFVIIa een potentiële kandidaat is om het antistollingsef-
fectt van pentasaccharides te neutraliseren als dat nodig is wegen ernstige 
bloedingcomplicaties. . 
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D a n k w o o r d d 

Dr.Dr. R.J.G. Peters. Ron, allereerst wil ik jou bedanken. Door jou werd de stap 
vann 'wat onderzoek doen tijdens de co-schappen' naar een 4-jarig 
promotieonderzoekk een logische en zinvolle keuze. Ondanks je talloze 
verantwoordelijkhedenn in allerlei functies en zaken, en het, zoals je vaak zei 
'nooitt kunnen afmaken van ook maar 1 gedachte zonder gestoord te 
worden' ,, weetje het prima voor elkaar te krijgen niet alleen mij, maar ook 
Arnoo en Matthijs te begeleiden naar mooie proefschriften. Je maakt toch 
elkee keer ti jd en concentratie vrij voor datgene w a t j e ook echt leuk vind, 
namelijkk het onderzoek. Ik heb veel respect voor je heldere, slimme, en 
analytischee manier van denken, je heldere schrijftaal, en politieke aanpak. 
Enn dat in de heksenketel waarbij als j i j elke keer dat je sein afging 5 eurocent 
hadd gekregen, je nu waarschijnlijk de gehele Franse Riviera had kunnen 
kopen.. Het zal even wennen zijn als ik per 1 april a.s. als arts-assistent 
gedeeltelijkk onder jou supervisie zal vallen, maar dit hebben we in ieder 
gevall voor elkaar gekregen. Veel dank daarvoor. 

Prof.dr.H.R.Prof.dr.H.R. Büller. Harry, na een rondje over de afdeling Interne 
Geneeskundee bij de diverse mensen die onderzoek uitvoerden was ik snel 
overtuigdd bij wie ik het beste kon zijn. Ik vond het heerlijk om op deze 
manierr kennis te maken met onderzoek en heb dankzij jou besloten om dit 
voortt te zetten na mijn co-schappen. De enorme 'helikopterview' die je 
bezitt (en ook immer deelt), toegankelijkheid, en levensgenieterinstelling 
roepenn veel bewondering bij me op. Tot op de dag van vandaag heb ik nog 
niett gehoord van een vakgroep die ook een retraite kasteeltje hebben in de 
Dordognee waar er rustig aan artikelen gewerkt kan worden, en andere 
zaken.. Dank voor je begeleiding en je praktische, pientere, en snelle manier 
vann denken en doen. 

Prof.dr.M.Prof.dr.M. Levi. Marcel, roadrunner kan een puntje zuigen aan de snelheid 
waarmeee jouw brein werkt. Ondanks dat ik je steeds denk te betrappen op 
slagenn in de lucht o f een goeie gok, blijken je in milliseconden bedachte 
uitsprakenn vrijwel elke keer te kloppen, waardoor het haast geen geluk meer 
kann zijn. Ik dank je voor je oprechte enthousiasme die je bij elke dataset die 
ikk aandroeg weer kreeg ('dit zijn toch fantastische data' , 'short-rapid 
communicat ionn naar Circulation?'), en ik vind het een hele eer dat je tevens 
mijnn promotor wilde zijn. 
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Prof.dr.JJ.P.Prof.dr.JJ.P. Kastelein, Prof.dr.j. van der Meer, Prof.dr.J.j. Piek, Prof.dr. 
M.H.M.H. Prins, en Prof.dr. F.W.A. Verheugtben ik zeer erkentelijk voor hun kri-
tischee blik aangaande dit proefschrift en de invulling daarvan in de vorm 
vann oppositiecommissie tijdens de verdediging van mijn proefschrift. 

Mi jnn uiterste geschikte roommates, Arno en Macthijs. Heel zeker weten dat 
ikk het ga missen op ons kamertje op F3. Het hooghouden (nr. 1: Arno, 90 
maal,, slechts 1 getuige), de gemeenschappelijke zoektocht naar "de Man 
mett het Grijze haar", het weer en thuiswerken van, de steevast weekendjes 
naarr Nijmegen ('Ja maar wag es eve'), het fotografisch geheugen voor 
zinlozee feiten van Matthi js, en nog vele andere zaken. Ik weet zeker dat het 
goedd met jull ie zal vergaan in de toekomst, zeker zo'n goedzak als j i j Arno, 
enn zo'n ongelofelijk hardwerkend figuur als j i j Matthijske (homepage van 
internett is pubmed, doe even normaal man!). Dank voor jullie enorm 
prettigg gezelschap en bijdrage aan dit proefschrift. Roe/off/na, heel fi jn dat 
jee keer op keer de krochten van het AMC in wilde om statussen te zoeken, 
altijdd de beste radiozender wist te vinden, en voor de gezelligeheid. 

Mijnn maatjes stollingsartsen, wat een setje bij elkaar. Graag wil ik jullie 
dankenn voor de ontzettende gave ti jd en de band die we hebben gekregen 
doorr ons gemeenschappelijk lot: de vijfnegenviervijfnegen.yercw'mc», immer 
enn alti jd bereid om een dienstje over te nemen, een schat aan kennis die 
slechtss op gepaste tijden aan bod komt. Bankie, die met zijn 100 studies 
zichh een rondje werkt maar wel t i jd bli jft houden voor onze kerstkadootjes, 
eenn kopje koffie op plein J, en de daarbij opmerkzaamheid voor nieuwe 
frissee gezichten. Roeitje, waarbij je er na een hal f jaar achter komt dat die 
norsee houding en lichte geïrriteerdheid wel mee blijken te vallen en hij 
opvallendd sociaal geïnteresseerd en humorvol is (en echt iedereen kent). 
Mari/'e,Mari/'e, het friste gezicht van het AMC, immer oprecht betrokken bij allerlei 
zakenn (en daarbij soms wat te doortastend). Kiaartjes met haar continue 
love-linee naar Bartje, eigen heilig bureau en stoel, en nooit uitputtende 
kennisdrang.. Maaike, die recht voor haar raap met grote passen op haar 
doell afschiet. Onze stollingsarts in spe, Marnix, die met zijn Rotterdamse 
razendsnellee babbels en moves inclusieaantallen haalt waar ik (en vele 
anderen)) jaloers op worden (O wee als je het fl ikt om voor het einde van je 
co-schappenn te gaan promoveren). De ex-stollingsartsen Roderik, Suzanne, 
RoJinda,RoJinda, PhMp, Bernd-Jan. Het was een genot te mogen werken met mijn 
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collegaa stollingsartsen die zo'n apart maar wel betrokken groepje vormen 

diee ik zeer zeker enorm ga missen als straks het harde leven gaat beginnen. 

Veell kennis die ik heb opgedaan tijdens deze afgelopen 4 jaar komt voort 
uitt het klinisch werk in de vorm van stollingsdiensten. Met veel plezier heb 
ikk geleerd van de diverse stafleden. Saskia met haar meest haarscherpe, 
snelle,, en uiterst praktisch overleggen, Rianne, van je immense 
betrokkenheidd bij je bloederpopulatie, Erik voor je zeer snel opgedane 
stollingskenniss en daarnaast encyclopedische kennis van de rest van de 
Interne. . 

Verderr was het een groot plezier met de Vasufisten samen te werken. De 
borrelss in cafe Thijssen zijn onnavolgbaar waarbij de gouden regel 
'rechtstreekss uit het werk' veel lol opleverde. Sophie, ik mis nu al de 
middagbreakess met kopjes koffie en sigaretten (dat gaat ook niet meer weg 
denkk ik). Lindsey, dank voor je enorme inzet in de moeizame doch briljante 
ARACSS studie. 

Marianna,Marianna, ondanks de honderden dia's, brieven, en nog veel meer andere 
zakenn die je liefst gisteren af moest hebben, verlies je niet het overzicht en 
ti jdd voor je collega's. Dank voor je velerlei hulp. 

Onss Vasculaire Geneeskunde laborator ium, alias G1 lab, alias Hemostase 
Lab,, aan wie ik alle die prachtige data te danken heb. Er zijn maar weinig 
laboratoriaa waar ze je de data kunnen aanleveren op grond van de door jou 
vooraff gewenste p-waarde. Jooss/e (die maar blijft beweren dat de 'hunne' 
niett meer bestaan), Hanssie (onze Belgische bierkoning), Marianne, Wil, 
KamramKamram (' Wrestle Mania Champ') , dank u wel. 

Hett Vaatcentrum kan ik niet ongenoemd laten. Hoe vaak ik het wel niet heb 
vervloektt tijdens de stollingsdiensten, maar niet door de mensen die er 
werken.. Die maakten het geheel erg draagbaar, johan, Ineke, Riet, Nel, 
Dianne,Dianne, Anita, Karin. 

Ondankss wat twijfel op het begin lijkt het dan toch gelukt te zijn, een ware 
fusiee tussen stolling en lipiden. Zowaar lunchen we inmiddels met elkaar, 
enn is de pas ingevoerde vri jdagmiddag bitterballen (fatty acid party) in het 
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cafee de STOEH een groot succes. Sanne (onze gelikte videoman), 
Angeiique,Angeiique, Maud (met haar immer heldere adviezen die zaken van bijzaken 
wetenn te onderscheiden), Jessica (l ief glimlachend maar ondertussen 
bikkelhard:: 'Serieuze stellingen bij je boekje. Ja, dat wordt inderdaad lastig' 
),, Prof. Kees, Melchior (onze enige verteerbare bal), Greetje (even zien; 
t rouwen,, zwanger, binnenkort promoveren en nu ook nog stollingsarts 
willenn worden, succes), Rhadjesh (onze ogenschijnlijke goedzak), Max 
(aliass de gesprek-stoorzender), Raaj, Em//y(va.n Aalst, net als mijn moeder, 
maarr echt bijzonder is dat toch niet?^ Pernette, Saskia, veel geluk en succes 
verder. . 

Prof.dr.Prof.dr. j.C.P. Tijssen. Beste Jan, heerlijk was het om samen te werken met 
je.. Een betere mix tussen kennis van statistiek, snel inzicht, en praktische 
uitvoeringg kan ik me niet voorstellen. Dank voor de ti jd die je vrijmaakte 
voorr de diverse onderzoeken in dit boekje. 

Omm de komende jaren opleiding bij de Cardiologie wat soepeler te laten 
verlopenn dank ik profylactisch al die mensen met wie ik ga samenwerken. 

Niett te vergeten, het F1 lab, waar ik mijn alle eerste onderzoek heb kunnen 
uitvoerenn (Lupus en de INR testen). Onder leidingvan Fenny Berends heb ik 
'diee ouwe KC10 met zun metale bollekes' overuren laten. Daarnaast veel en 
prettigg overleg gehad met jullie bij de consulten. Enk-Jan ( toch echt wel 1 
vann de meest toegankelijke types in het AMC) , Machteid, Ester, Bruno dank 
voorr de samenwerking. 

Dee gehele verpleging van de CCU ben ik erkentelijk voor het met geduld 
toelatenn van de 'vampiers van de afdeling' , als wij zonodig weer moesten 
' tappen'.. Een groot deel van de INSTAP I studie is door de verpleging 
afgenomen,, afgedraaid, en uitgepipetteerd, wat uniek is. 

Ondankss de toch wat aanwezig afscheiding tussen de promovendi van de 
Cardiologie,, heb ik veel genoten van de diverse collega's die zeker tijdens 
congressenn gezellig samenklitte; Martijn, Steven, Lea (de liefste statisticus 
diee er maar is), Tanja (onze eigenzinnige Remy), GiJs (de beste 
schoonzoon),, Anouk, Igor, Fonske (onze Brabantse goaltjeskiller), Bart-Jan 
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(onzee strenge zaalhockeycoach), Saskia, Nancy, Joris, Michiei, Radha, 

Raymond,Raymond, Jacobi/n, Gerlind, Bektas, Mare. 

Dee stugge kennismaking met de AMC Medical Research is daarna snel 

gedraaid,, zeker dankzij Linda Hoogenhout (collega motormuis) en 

MarianneMarianne Mooi/er, waar heel prima mee samen te werken valt. Dank voor 

jull iee snelle en laagdrempelige inzet. 

Mi jnn paranymfen, Bram de Man en The Me//. Bram, gebaseerd op de reeds 
doorr jou bijgewoonde promoties (0) heb ik j ou met een gerust hart als 
paranymff gevraagd, opdat j i j met jou expertise de ceremonie vlekkeloos zal 
k jnnenn laten verlopen. Hoe f i k me daar geen zorgen meer om te maken. 
Daarnaastt ben je onmisbaar in geval er een vraag wordt gesteld over de 
cyclischee temperatuursafhankelijke groei van de linker teennagel bijhorend 
bijj de Zuid-Afrikaanse buidelmuis rat, jou persoonlijke vakgebied waar ik 
slechtss tracht in uw voetstappen te treden. Bramske, dank dat je deze 
functiee hebt aanvaard en tuurli jk kom ik nog op bezoek als jullie dadelijk 
mett 12 kinderen in een hutje op de hei in Haarlem wonen. Pascal, ik ben 
ergg trots op je voor de uiterst strakke lay-out van dit boekje. Mijn 
levenswerkk lag in goede handen bij je. Niet alleen dank hiervoor maar ook 
voorr de jarenlange vriendschap. De KSE, het Pietertje Langendijk, de 
Adventuress in the land o f Dungeons&Dragons, enzovoort. Hopelijk zitten 
wee over een jaar o f 15 te genieten op onze boten in St. Tropez. 

Mijnn Geneeskunde vriendjes, in random order o f appearance; Maartjes 
(Ladyy of Karate, relaxed ogend maar bliksemsnel), Eefke (Ons grote 
voorbeeld,, eerste in alles, co-schappen, huisarts, trouwen, kinderen. We 
komenn eraan maar wel met 1 tot 10 jaar vertraging), Gerri het Mens (de 
vrouww die met haar warme hart, uitstraling en betrokkenheid ons allen in 
haarr gezellige armen houd), Hannan (na lang wachten is jou t i jd is 
gekomen,, nu kan j i j lachen, en terecht), Elsenan (de depressie bij het 
promoverenn treed na een Yi jaar op en duurt ongeveer 3 jaar), c7eerf(die 
ogenschijnlijkk moeiteloos van reizende yup naar gemotiveerde 
promovenduss is overgestapt, en nu haast heeft en t i jd zoekt), Kay(óe enige 
echtee Casanova die er is, D o n j u a n de Marco, mijn voorbeeld in donkere 
t i jden),, Suuske (zeker weten de meest relaxte huisarts in spe van 
Nederland),, Reikte Bremsela (baas boven baas, gefeliciteerd, ik ben 
overtroffenn in meest spectaculaire trauma, de piste af met de helikopter (en 
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wittee stof afwijkingen frontaal), Eva (huisje, Rob-de-Buurman, Bijna-Kindje 
,, en nog stollingsonderzoekster ook, wat wil je nog meer), Tïjzeman (rustig 
ogendd maar liefhebber van kicks). 

PeterPeter R, j ou kan ik natuurlijk niet vergeten. Derhalve een aparte alinea voor 
jou .. De onnavolgbare bijdrage die j i j aan dit proefschrift hebt geleverd door 
dee talloze avonden waarin er terstond een geestelijke ontspannenheid werd 
bewerkstelligdd die heeft geleid to t dit uiterst productieve gedrag is evident. 

Verderr wil ik nset cnssnosmd laten mpn broert'e en zus'e \A/ilrn en 
ManouckManouck (Miepke). W i l , ik hoop dat het nu toch echt wel duidelijk is 
gewordenn wie de slimste is! Jij, Marie, Dana, en Stan, dank voor jullie 
gezelligheidd waarin als ik op bezoek ben me eventjes als pappa kan wanen. 
Ikk moet echt wat dichterbij komen wonen want opdat ik een iets betere 
oomm kan zijn. Miepke, je bent de liefste zus die ik heb. Verder ook de 
eigenwijste.. Nu dat je een jaar weg bent merk ik pas hoe ik je mis. Met wie 
moett ik nou kleren kopen in de stad, naar Extrema, etcetera. Dank dat je er 
inn ieder geval bent op de promotie. 

Speedy,Speedy, de inmiddels sloomste kat ter wereld, nu toch al zo'n 16 en een half 
jaarr oud. Laat ze maar praten Speedy, ik ken jou gouden tijden van vroeger 
nogg ('Leader o f the Pack van de Coevering'). Ondanks je pas en snel 
ontstanee blindheid hoop ik dat je er nog lang bli jft. 

Yuri,Yuri, kacang kecil. Teman bagus trus, trus. Kita (o f was het nou kamu) 
haruss kembali ke Indonesia sama sama. Yuri, jou ongeloofelijke droge maar 
zeerr gevatte opmerkingen hebben me menigmaal een lachtstuip gegeven. 
Eenn deel van je grappen was voor niemand te begrijpen, maar ja schrijven is 
schrappen.. Echt een uniek figuur ben je. 

Sannetje,Sannetje, na ons jarenlange samenwonen (met je vriend erbij) hebben we 
echtt een bijzondere band gekregen. Dat waren topt i jden, dat is gebleven, 
hopelijkk bli j f t dat nog lang zo. 

Nataske,Nataske, zeker dat ik veel van aan jou heb te danken. Een belangrijk deel 
vann deze afgelopen 4 jaar heb ik met jou gevuld. Jij zal de meest unieke 
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Spaansee peper zijn die ik ga tegenkomen dit leven. Ik heb veel geleerd van je 
eerlijkheid,, geïnteresseerdheid in anderen, betrokkenheid, en emotievolle 
karakter.. Ik hoop intens da t je vanaf nu de perfecte draai gaat vinden want 
alss iemand het verdient ben j i j het wel. Pa en Ma Hessel, dank voor jullie 
heldere,, en heerlijke manier van doen waardoor ik me echt thuis voelde bij 
jull ie, , 

KoentjeKoentje en Trudy, wat zijn de kansen dat je mensen die je op een vakantie 
ontmoett bli jft zien, en dat het goede vrienden van je worden? Ik ben blij dat 
ikk die verrekten Frits, alias Sjakie, alias knakenbal ('we zijn nou toch in 
Sulawesiè"?'),, en Mientje ben blijven zien. Ondanks jull ie immense 
populariteitt waarbij ik maanden van tevoren moet boeken is het keer op 
keerr meer als de moeite waard. Dank voor van alles. 

Corné,Corné, j i j als een van de weinigen weet nog van onze roerige jeugdt i jd, en 
datt willen we graag zo houden. Om te voorkomen dat dit allemaal uitlekt 
moett ik je te vriend houden. Dank voor de talloze overnachtingen en de 
immerr openstaande deur bij je. Laten we hopen op een lekker zomertje 
zodatt we weer wat 'sportief ' kunnen motorri jden. Mars, Laanen, dat 
laatstee geldt natuurli jk ook voor jou . Sorry voor sommige van mijn vrienden 
diee niet begrijpen dat onze uitstapjes volledig verantwoord zijn en dat 
wheeliess van 1263 meter geen waanzin is maar waanzinnig. 

Wouter,Wouter, dank voor je begeleiding en steun die me zeker hebben geholpen, 
enn hopelijk nog meer in de toekomst. 

Paukjes,Paukjes, dank voor de cover van het proefschrift. Het origineel koester ik 
wantt dat is over een jaar o f 10 een fortuin waard als je naam als kunstenaar 
inn 'props and gadgets' internationaal gerenommeerd is. 

Veell heb ik te danken aan 'ons sfadder en ons smoeder'. Mijn nogal rebelse 
karakterr hebben het jull ie vroeger niet makkelijk gemaakt (ik kon er ook 
nietss aan doen; ' i t was the DNA that made me this way'). Toch hebben 
jull iee gezorgd dat ik naar het VWO ging, ondanks dat het testje wat anders 
aangaf.. Alt i jd gezegd dat ik het kon, dat het belangrijk was, waardoor ik het 
ookk daadwerkelijk heb gehaald. Moeders, jammer dat je dit niet kan 
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meemaken,, maar ik weet zeker dat je trots was geweest. Pa-tje, veel van de 

ondernemingslust,, uitdagingsdrang, doorzettingsvermogen, en 

handelskarakterr heb ik van jou geërfd. Je praktische, rationele kijk op het 
leven,, en de levensspreuken van je die door uit voort vloeiden ("je krijgt wat 
jee verdient", " d a t j e niet rijk geboren wordt , daar kun je niets aan doen, 
maarr da t je niet rijk t rouwt is je eigen schuld', 'Jonge, je hebt het verstand 
vann je moeder. Dat van mij heb ik nog'), maar ook je hulp in moeilijker 
ti jdenn hebben met gebracht waar ik nu ben. Ook jou dank ik daarvoor. 

Verderr hoop ik natuurlijk niemand te vergeten, maar je zal alti jd zien dat 
dat-- rocH aebe'irr 1 Lr hph apnrnhpprrl da r " iet re doen, maar alvast sorry als 
hett toch zo is. Deze mensen ben ik niet vergeten, en dank ik voor het feit dat 
zee in mijn leven staan: Paulette, familie Bijsterveld, Linda, Mireille, Rory, 
GaGa brie/Ie, Jeroen tje, Ellis, Maaike, Steef, Jeroen, Mart, Zuzanna.. 
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C u r r i c u l u mm V i t ae 

Nickk Bijsterveld kwam om zes minuten over drie op vri jdagmiddag 
77 september 1972 in Eindhoven op deze wereld. Gedoopt als Nicolaas 
Ronaldoo woonde hij to t zijn 16e levensjaar in Eindhoven, en ook in 
Geldrop.. De laatste 2 jaar VWO rondde hij af op de KSE te Etten-Leur, 
waarnaa hij door schier geluk op 7 september 1991 werd nageplaatst voor 
dee Geneeskunde opleiding in Amsterdam. Was dit niet gebeurt was N.R. 
waarschijnlijkk drs. in de Psychologie geworden, o f autohandelaar net als 
zijnn vader. 

Vann 1991 to t 1999 volgde Nick de zesjarige Geneeskunde opleiding aan de 
Universiteitt van Amsterdam. In het kader van een wetenschappelijk stage 
verbleeff hij zes maanden in Tomohon, Noord-Sulawesi, Indonesië, om 
malariaa op te sporen bij schoolkinderen (1995/1996). Tijdens de co-
schappenn fase startte Nick met onderzoek bij Profdr. H.R. Büller op de 
afdelingg Vasculaire Geneeskunde (1996-1999). Op 27 januari 1999 
behaaldee Nick zijn artsexamen aan de Universiteit van Amsterdam. Van 1 
aprill 1999 to t 1 april 2003, werkte Nick onder leiding van Dr. R.J.G. Peters 
alss arts-onderzoeker op de hartbewakingsafdeling van de Cardiologie in het 
AMC,, met als blijvend resultaat dit proefschrift. Tevens heeft hij in die 
periodee als consulent stollingsarts gewerkt onder de vleugels van Profdr. 
H.R.. Büller en Profdr. M. Levi, Vasculaire Geneeskunde. Per 1 april 2003 
begintt de opleiding Cardiologie voor Nick, dat start met 1 jaar Cardiologie 
(AMC),, vervolgens 2 jaar Interne Geneeskunde (perifeer), en de laatste 
22 1/2 jaar weer Cardiologie (AMC) om zo naar schatting op 7 september 
20088 cardioloog te zijn. 
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