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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. 

8 8 



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. 
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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. 
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Outlinee of this thesis 

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. 
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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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