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Venous thromboembolism (VTE) encompasses pulmonary embolism (PE) and 
deep vein thrombosis (DVT). DVT most commonly occurs in the deep veins of the 
lower extremity but can also occur in the veins of upper extremity, abdomen and 
cerebrum. As symptoms of VTE are nonspecific, the diagnosis of VTE is based on 
diagnostic tests, including clinical decision rules (CDR), D-dimer tests and imaging. 
Although the diagnostic management of VTE has greatly advanced in recent 
years with the introduction of novel CDRs and high-sensitive D-dimer tests, the 
diagnosis may still be challenging in certain settings. The latter is mainly caused 
by the indirect way of thrombus visualisation by current imaging tests, such as 
by showing incompressibility with compression ultrasonography (CUS) or a filling 
defect on contrast-enhanced computed tomography (CT) or magnetic resonance 
imaging (MRI). 

This thesis focuses on challenging settings for diagnosing VTE. One of these 
settings is suspected recurrent VTE. CUS is the current imaging test of choice in 
both patients with suspected first and recurrent DVT.1 However, in suspected 
recurrent ipsilateral DVT the diagnosis with CUS is complicated as persistent 
vascular abnormalities after a previous DVT are present in up to 50% of patients 
after one year.2 Magnetic Resonance Non-Contrast Thrombus Imaging (MR-NCTI) 
is a non-invasive MRI technique that can directly visualize thrombosis and may 
be of value in the diagnostic management of recurrent VTE. MR-NCTI is based on 
the formation methemoglobin when blood clots, resulting in shortening of the 
MR signal on a T1-weighted MRI sequence. Therefore, acute thrombi are visible 
as a ‘white’ signal, which disappears when a thrombus is formed (Figure 1).3,4 
Magnetic Resonance Direct Thrombus Imaging (MRDTI), a MR-NCTI sequence, has 
previously been shown to accurately distinguish acute recurrent DVT from chronic 
thrombotic remains.5 Its safety to exclude acute recurrent ipsilateral DVT was 
evaluated in the Theia study. Results of this prospective multicentre diagnostic 
management study are described in Chapter 2. Since it is unknown whether 
the application of MRDTI in the diagnostic management of suspected recurrent 
ipsilateral DVT is costeffective, an analysis to compare the one-year healthcare 
costs between 10 diagnostic scenarios with and without MRDTI was performed. 
The results are described in Chapter 3. The combination of a CDR and D-dimer 
test is used to exclude a first episode of DVT without performing imaging tests. 
The diagnostic performance of a CDR combined with a D-dimer test has not yet 
been sufficiently evaluated in patients with suspected recurrent DVT.6 One of the 
predefined secondary outcomes of the Theia study was to assess the diagnostic 
accuracy of the combination of the Wells rule for DVT and a D-dimer test for 
suspected recurrent ipsilateral DVT (Chapter 4). 
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1MR-NCTI may also be useful in the diagnostic management of upper extremity 
deep vein thrombosis (UEDVT), where CUS examination is hindered by overlying 
anatomic structures. The alternative diagnostic imaging test is contrast 
venography, which has several disadvantages including radiation exposure and 
risk for contrast allergic reactions.7 In Chapter 5, the results of the Selene study 
are provided, in which the diagnostic accuracy of MR-NCTI for the diagnosis of 
UEDVT was evaluated. Another setting where MR-NCTI could be a valuable 
diagnostic test is in portal vein thrombosis (PVT). Differentiation between acute and 
chronic thrombosis is of paramount importance in the management of PVT, since 
the anticoagulant strategy in patients with acute PVT differs of that in patients with 
chronic thrombosis.8 It is however not always possible with currently available 
imaging tests to make this distinction. As MR imaging of the portal veins can be 
more challenging than of the veins in the extremities due to bowel movements and 
the presence of intestinal air, we performed a study to identify the most optimal 
MR-NCTI sequence for PVT imaging (Chapter 6). In Chapter 7, an overview of 
different imaging techniques including MR-NCTI and their diagnostic accuracy in 
suspected acute cerebral vein thrombosis (CVT) is provided. Based on our studies 
and increasing experience with MR-NCTI, this technique is now more and more 
used to guide treatment decisions in other settings, such as in the patients in 
Chapter 8 and Chapter 9. The first patient (Chapter 8) was suspected of an acute 
CVT but had an inconclusive CT and MR venography. The second patient described 
in Chapter 9 had an extensive aortic thrombosis on CT angiography of unknown 
age, and a strong contraindication to anticoagulant treatment.

The last chapters of this thesis focus on the application of CT in the diagnostic 
and prognostic management of acute PE. CT pulmonary angiography (CTPA) is the 
current diagnostic imaging of choice for the diagnosis of PE.9 New CT techniques 
have been developed in recent years including techniques that can provide 
perfusion or iodine maps, representing the hemodynamic and functional impact 
of PE. This so-called CT pulmonary perfusion (CTPP) imaging may have an added 
value on top CTPA reading for initial risk stratification of acute PE. In Chapter 10, 
the correlation between perfusion defects on CTPP and symptoms at presentation 
as well as short-term adverse outcome was assessed. Furthermore, as extensive 
perfusion defects on CT at the time of PE diagnosis may also correlate to long-
term symptoms and outcome 10, we evaluated the association between perfusion 
defects on CTPP at initial PE-diagnosis and persistent symptoms, including 
dyspnea, chest pain, functional impairment and adverse outcomes after 3-months 
of follow-up in Chapter 11. CTPA is also used in the diagnostic management of 
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patients with coronavirus disease 19 (COVID-19) pneumonia who are suspected 
of concomitant acute PE. COVID-19 has been associated with high rates of VTE 11,
particularly PE. Based on the results of autopsy studies it was suggested that 
thrombosis may often be the result of an in-situ immunothrombosis rather 
than conventional thromboembolism.12 To further evaluate whether COVID-19 
associated PE diff ers from conventional PE, clinical and CT characteristics of PE in 
patients with COVID-19 pneumonia were compared to those in patients without 
COVID-19 pneumonia (Chapter 12).

Figure 1. Infographic of the Magnetic Resonance Direct Thrombus Imaging technique. 
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This was originally published in Blood. Van Dam, L.F., et al. Blood. 2020 Apr 16;135(16):1377-
1385.© the American Society of Hematology.
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