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 Chapter 1
General introduction and outline
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Thrombosis is the formation of a blood clot that obstructs the blood flow through the 
circulatory system. Thrombosis can occur in veins and arteries. In the 19th century, Rudolf 
Virchow described the three factors necessary for the formation of thrombosis: blood 
stasis, changes in the vessel wall and hypercoagulability (1). While Virchow was referring 
to venous thrombosis, the same processes have been observed in arterial thrombosis. 
Both diseases have long been considered as separate entities, partly due to differences in 
mechanistic pathways as well as their distinct clinical presentation. Venous thrombosis 
occurs under low shear flow conditions due to alteration of blood stasis and composi-
tion, and is fibrin-rich due to the large amount of red blood cells (figure 1) (2). Unlike 
venous thrombosis, arterial thrombosis occurs under high shear flow due to formation 
of platelet-rich thrombi around ruptured atherosclerotic plaques and damaged vascular 
endothelium. Venous thrombosis might lead to venous thromboembolism (VTE), while 
arterial thrombosis causes myocardial infarction and ischemic stroke. Traditional risk 
factors of venous thrombosis (e.g. surgery, immobilization and cancer) also differ from 
those that are associated with arterial thrombosis (e.g. smoking, obesity and diabetes). 
The separate nature of venous and arterial thrombosis has, however, been challenged 
by numerous reports, suggesting a closer link between both diseases (3-5).

The perceived difference between venous and arterial thrombosis is also reflected in 
the antithrombotic management. Oral anticoagulation is considered first-line treatment 
in fibrin-rich venous thrombi, whereas antiplatelet therapy is regularly recommended in 
platelet-rich arterial thrombi. Importantly, the use of antithrombotic drugs is associated 
with an increased risk of bleeding that potentially results in high risk of morbidity and 
mortality. Therefore, when deciding on antithrombotic treatment, the risk of thrombosis 
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figure 1. Pathophysiological differences between arterial and venous thrombosis. Figure adapted from 
Koupenova et al. (2017) (2)
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should be equally weighed against the risk of bleeding. The appropriate antithrombotic 
treatment remains challenging and still has many grey areas. Importantly, both diseases 
are currently the leading causes of death in the Western parts of the world (6).

The first part of this thesis discusses VTE. For the individual patient, the risk of fatal 
recurrent VTE versus that of fatal bleeding is of particular relevance when deciding on 
the duration of therapeutic management. In chapter 2, the mortality risk of recurrent 
VTE is demonstrated after anticoagulation cessation in patients with initially unpro-
voked VTE. So far, these exact numbers were unknown for patients with unprovoked 
VTE, even though this knowledge is especially valuable for this specific patient category 
because of the recommendation for indefinite treatment duration, while patients with 
provoked VTE are generally treated for a short period of time (7, 8). Furthermore, VTE 
is frequent complication of cancer and cancer treatment (9). International guidelines 
currently recommend low-molecular-weight heparin (LMWH) therapy as first-line treat-
ment because of a lower recurrence risk compared to the traditional therapy with vita-
min K antagonists (VKA) (10). However, these daily subcutaneous LMWH injections may 
be burdensome owing to local pain or bruising, allergic reactions, or heparin-induced 
thrombocytopenia. In chapter 3, we prospectively assessed the discontinuation rate of 
these daily injections. The aim of chapter 4 was to compare the discontinuation rate 
between two commonly used LMWH compounds – enoxaparin and nadroparin – in the 
same patient cohort as chapter 3.

The topic of the second part comprises prevention of arterial thrombosis after heart 
valve surgery. In patients undergoing bioprosthetic aortic heart valve implantation or 
mitral valve repair, patients are at risk of thromboembolism (11, 12). The optimal anti-
thrombotic therapy after both procedures is still a matter of controversy. In chapter 5 
and chapter 6 the rates of thromboembolic and bleeding complications are evaluated 
of two antithrombotic prevention strategies - VKA and aspirin - after bioprosthetic aortic 
valve implantation and mitral valve repair respectively.

The last part of the thesis focuses on idarucizumab for urgent dabigatran reversal. 
Dabigatran is a direct thrombin inhibitor that has a favorable risk-benefit profile com-
pared to VKA for the prevention of ischemic stroke in patients with non-valvular atrial 
fibrillation and treatment of patients with venous thromboembolism (13, 14). However, 
the lack of a reversal agent often has been considered as a hurdle for prescribing dabiga-
tran. This has prompted the recent development of specific reversal agent idarucizumab 
for urgent dabigatran reversal in patients with uncontrolled or life-threatening bleeding 
or undergoing an emergency procedure (7). Because data on idarucizumab are scarce, 
chapter 7 was aimed to determine the appropriateness of its usage as well as the he-
mostatic effectiveness and clinical outcome in daily practice. In chapter 8, dabigatran 
reversal by idarucizumab is discussed in patients presenting with major gastrointestinal 
(GI) bleeding, as evaluated in the RE-VERSE AD study (15).
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Part 1
Venous thromboembolism




