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Introduction

Around 1970 computed tomography (CT) entered the field of clinical imaging tools. 

In those days both the spatial and temporal resolution of CT were insufficient for 

cardiac imaging. With the introduction of 4-slice CT in the late 1990s, visualization 

of coronary arteries became feasible. Nowadays computed tomography coronary 

angiography (CTA) is considered a suitable non-invasive method for the assessments 

of coronary atherosclerosis; its clinical applicability is widely incorporated in current 

guidelines.1, 2 Coronary stenosis severity on CTA is strongly correlated with invasive 

coronary angiography, and the diagnostic accuracy for the presence of coronary 

artery disease (CAD) is excellent. Especially the high sensitivity (~ 98%) allows 

for accurate rule-out of disease in patients with suspected CAD.3 Additionally, the 

prognostic value of CTA has been established in the past years.4 The prognosis of 

patients is decreased with increasing number of obstructive (≥50% stenosis) lesions.5 

Most importantly, the prognosis of patients without CAD on coronary CTA is excel-

lent. Moreover, it has been noted, that also the presence of non-obstructive CAD 

is associated with impaired prognosis.6 This has led to an increasing interest in the 

clinical value of coronary atherosclerosis burden in addition to only assessing the 

presence of obstructive CAD. On coronary CTA, plaque composition can also be 

assessed. Traditionally, coronary plaque is classified as non-calcified, partially plaque 

or calcified plaque. In several studies, the prognostic implications of the presence 

of different plaque types have been established.7, 8 Patients with non-calcified and 

partially calcified plaque have a worse prognosis compared to patients with only 

calcified plaques. Currently the field of research in cardiac CT is shifting towards 

assessment of overall atherosclerotic burden and incorporating additional features of 

coronary CTA, besides obstructive CAD, for risk stratification of patients. 

Quantification of coronary atherosclerosis.

In current practice the assessment of CAD on coronary CTA is performed visually. 

However, for accurate and reproducible assessment of the dimension and com-

position of coronary atherosclerosis, a quantitative approach would be favorable. 

Recently, novel software algorithms have become available which allow for such a 

quantitative analysis.9  Using this software, the burden of coronary atherosclerosis, 

the three-dimensional dimensions (i.e. diameters and volumes) and the exact de-

gree of stenosis can be quantified. Moreover, this software allows for assessment of 

composition of coronary atherosclerosis using Hounsfield Unit (HU) thresholds. The 

accuracy of this software for quantification of atherosclerosis dimensions has been 

recently established.10 
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This thesis further investigates the accuracy of this software, especially for quan-

tification of coronary plaque composition. Additionally, the clinical value of this 

quantification algorithm will be explored.  

Diabetic patients without chest pain syndrome.

Cardiovascular death is the main cause of death in patients with diabetes mellitus 

(DM).11 Additionally, patients with DM often have silent myocardial ischemia and 

CAD in an advanced stage before becoming manifest.12 However, in these patients 

traditional cardiovascular risk factors fail to accurately predict diabetic patients’ 

risk.13 In the past years the value of different imaging modalities in the specific setting 

of asymptomatic patients with DM has been addressed.14  

This thesis explores the prognostic value of coronary CTA in these high risk diabetic 

patients. Furthermore, the change in ischemia over-time is investigated, focusing on 

the role of coronary CTA to predict these changes. 

Outline

This thesis focuses on the clinical value of quantification of coronary atherosclerosis 

on coronary CTA. Moreover, the value of coronary CTA in high risk diabetic patients 

without chest pain syndrome in clinical practice is assessed. This thesis is preceded 

by Chapter 2 which provides an overview of the clinical use of computed tomography 

coronary angiography (CTA) and the application in acute cardiac care. 

Part 1 of this thesis focuses on the quantitative assessment of coronary atherosclerosis 

on coronary CTA. 

Chapter 3 describes the different imaging techniques for analysis of coronary 

atherosclerosis. In Chapter 4 the feasibility of an automatic algorithm for coronary 

atherosclerotic tissue characterization is established and compared to IVUS VH. 

Chapter 5 continues the study of Chapter 4 and discusses a novel method to enhance 

the characterization of calcified areas in IVUS VH by quantification of the acoustic 

shadow. This acoustic shadow is the result of the inability of the IVUS signal to 

penetrate calcium, and considered a major limitation of this technique. Chapter 6 

assesses the accuracy of a novel algorithm to automatically detect and quantify the 

Agatston coronary artery calcium score on contrast CTA. In Chapter 7 the param-

eters of coronary atherosclerosis as derived from quantitative coronary computed 

tomography (QCT) are correlated to the presence of myocardial ischemia on gated 

myocardial perfusion single photon emission computed tomography (SPECT). In 

Chapter 8, a novel CTA risk score is introduced which integrates the location, severity 
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and composition of coronary atherosclerosis on CTA in one score. The value of this 

automated QCT-derived risk score for risk stratification is assessed in patients with 

suspected coronary artery disease. In Chapter 9, the value of CTA for serial imaging 

of coronary atherosclerosis is investigated. For this purpose, QCT is performed in 

patients who underwent serial CTA with a 2-year interval.

Part 2 of this thesis focuses on the clinical aspects of coronary atherosclerosis on 

coronary CTA in high risk diabetic patients without chest pain syndrome. 

Chapter 10 investigates the changes in ischemia over time as assessed with SPECT 

myocardial perfusion imaging in relation to characteristics of coronary atherosclero-

sis on coronary CTA. In Chapter 11 the long-term prognostic value of coronary CTA 

in high risk diabetic patients without cardiac symptoms is assessed.
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