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Chapter 1

Inflammatory bowel diseases

Inflammatory bowel diseases are a large healthcare problem in the western world; 
they affect over two million citizens in Europe alone [1]. The diseases result from 
inappropriate inflammatory responses to intestinal microbes in a genetically 
susceptible host. They comprise of two types of chronic intestinal disorders: Crohn’s 
disease and ulcerative colitis. If no precise differentiation can be made between 
these conditions, the term “indeterminate colitis” is used. Patients with inflammatory 
bowel diseases frequently presents with abdominal pain, fever, diarrhoea or clinical 
signs of bowel obstruction. In a number of patients extra intestinal manifestations 
and associated immune disorders will occur. Their incidence and prevalence are still 
globally rising [1].

Crohn’s disease

The main difference between Crohn’s disease and ulcerative colitis concerns the 
location of the disease. Ulcerative colitis solely affects the colon and rectum, while 
Crohn’s disease can affect the whole gastrointestinal tract and most often the 
last part of the small bowel, the terminal ileum. Several diagnostic techniques are 
available for patients with suspected Crohn’s disease. The general practitioner or 
gastroenterologist will make inquiries about clinical symptoms, such as diarrhoea 
and abdominal pain. Thereafter, laboratory tests are acquired, including blood and 
stool tests, providing erythrocyte sedimentation rate, ferritin, vitamin B12, C-reactive 
protein and faecal calprotectin, with which the presence of intestinal inflammation 
can be suggested. However, diagnosis of Crohn’s disease cannot be made by clinical 
symptoms and laboratory test alone and neither can Crohn’s disease be fully excluded 
by them.

Evaluation of Crohn’s disease

Evaluation of the disease both at the time of diagnosis and throughout the course 
of the disease is needed, to determine the location, extent, activity and severity 
of inflammatory lesions as well as the presence of complications. In addition, it is 
important to distinguish between mild, moderate or severe Crohn’s disease activity 
as medical management differs among the disease stages [2]. This information is 
crucial to select the best possible therapy. 

Endoscopy and especially ileocolonoscopy is an important part of the diagnostic 
armamentarium as it gives accurate assessment of the mucosa while biopsies for 
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histopathology can be obtained. However, it does not visualize trans- and extramural 
disease activity. Additionally, strictures may prohibit the evaluation of the upstream 
bowel. Importantly, in many patients there is a need for multiple examinations over 
time, both with respect to the evaluation of relapses and for treatment monitoring. 
The burden of especially the bowel preparation for ileocolonoscopy is a hurdle for 
frequent use of this method. Further, apart from the terminal ileum at ileocolonoscopy, 
evaluation of the small bowel is not possible as the rest of the ileum can not be 
reached by the endoscope.

The small bowel can be assessed by balloon assisted enteroscopy, using a single or 
double balloon endoscope through the mouth, oesophagus and stomach or through 
the rectum and colon. This procedure combines endoscopic visualization of the 
entire small bowel with the possibility of taking biopsies and endoscopic treatment 
of fibrotic strictures. However, the lengthy and invasiveness of the procedure and 
need for sedation limits its use. 
Another method of endoluminal examination of the small bowel is a wireless capsule 
endoscopy (video capsule endoscopy) that is swallowed and then propelled through 
the bowel by gut motility. The advent of small bowel capsule endoscopy allowed for 
the first time direct visualization of the entire small bowel with minimal discomfort, 
albeit without the ability for tissue sampling or therapeutic options. Besides, capsule 
retention in a stenotic small bowel hampers its use in patients with Crohn’s disease. 
The European Crohn’s and Colitis Organisation (ECCO) and the Organisation Mondiale 
d’Endoscopie Digestive (OMED) stated in a consensus document that cross-sectional 
imaging techniques should generally precede capsule endoscopy in suspected and 
established Crohn’s disease patients [3].

Radiology

Cross-sectional imaging techniques overcome the aforementioned limitations of 
ileocolonoscopy, balloon assisted enteroscopy and capsule endoscopy. Therefore 
it plays an increasingly more important role in the management of patients with 
Crohn’s disease. Cross-sectional imaging has the ability to detect and stage 
disease, although no biopsies can be obtained and mucosal assessment is inferior 
to endoscopic techniques. A consensus document of the ECCO and the European 
Society of Gastrointestinal and Abdominal Radiology (ESGAR) has indicated that 
cross-sectional imaging is fundamental at first diagnosis to stage disease and to 
monitor follow-up [4]. In concordance with a systematic review [5], ultrasonography, 
Magnetic Resonance Imaging (MRI), Computed Tomography (CT) and Positron 
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Emission Tomography (PET) were recommended for the assessment of disease 
activity. In addition, the ECCO/ESGAR guideline states that MRI has the potential to 
be the most useful imaging modality to evaluate bowel damage, because of the high 
contrast resolution, lack of ionizing radiation, ability to cover the whole abdomen 
and versatility of the different sequences. Moreover, in established Crohn’s disease 
it assists to select treatment, to assess response and to quantify tissue damage [6]. 

Magnetic Resonance Imaging

MRI has become an important tool in the management of patients with Crohn’s 
disease. Several findings on MRI reflect active disease such as bowel wall thickening, 
enhancement of the bowel after intravenous contrast injection on T1 weighted 
images, enhancement pattern, increased mural signal intensity on fat saturated T2 
weighted images, the presence of increased blood flow in the vasa recta (“comb 
sign”), mesenteric fat infiltration, skip lesions and fistulas. This has resulted in more 
frequent use of MRI in the diagnosis and evaluation of patients with Crohn’s disease.

MRI has some limitations with regard to the grading of disease activity [7]. Variable 
reproducibility has been reported for many MRI features [8–11], resulting in possibly 
subjective interpretation of disease activity. In addition, mild ulcerative lesions are 
difficult to detect; a meta-analysis reported that MRI enabled correct grading 91% of 
patients with frank disease, 62% of patients with mild disease and 62% of patients 
in remission [12]. MRI findings are more associated with overstaging of disease 
activity than understaging. Accurate detection of mild Crohn’s disease using MRI 
is hampered by the spatial resolution of MRI which is insufficient to detect subtle 
mucosal changes. New MRI techniques and related scoring systems might solve these 
limitations [13–16].

Newer sequences

Diffusion weighted imaging (DWI) is increasingly used in body MRI protocols. It has 
been shown to facilitate the detection of neoplastic and inflammatory lesions, such 
as appendicitis [17,18]. The sequence is sensitive to the Brownian movement of 
water molecules which is altered in certain inflammatory processes. The apparent 
diffusion coefficient (ADC) can be calculated as a quantitative measure that reflects 
the average rate of diffusion. Only a few studies have evaluated DWI in patients with 
Crohn’s disease [14,19,20]. However, imperfect reference standards hindered firm 
conclusions.
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Dynamic contrast enhanced (DCE)-MRI visualizes the T1 weighted MRI signal intensity 
after intravenous contrast injection over time. As such, the time-dependent signal 
intensity of a tissue can be depicted in a time intensity curve. These time intensity 
curves are able to provide different quantitative measurements of disease activity. 
A recent study, using endoscopy as a reference standard, suggested that DCE-MRI 
can be used for grading Crohn’s disease activity, including mild disease activity [13].
Only a few studies have investigated the role of these imaging sequences for the 
detection of bowel inflammation in Crohn’s disease. More research is needed before 
these sequences have proven their value to determine disease activity in an objective, 
quantitative and reproducible manner. 

MRI scoring systems

Increasing data suggest that robust MRI assessment of Crohn’s disease activity 
should be based on integrating several imaging features together, rather than relying 
on one or two individual findings [21]. Particularly, the combination of selected MRI 
features into one strong scoring system could lead to a more objective, quantitative, 
and reproducible grading in the severity of Crohn’s disease and is, therefore, 
recommended.
Recently, several groups have developed scoring systems for Crohn’s disease activity 
[10,16,22,23]. No study has compared the accuracy of scoring systems in an external 
patient cohort. Additionally, their reproducibility needs to be evaluated before one of 
the systems can be implemented in daily practice.

Therapy evaluation

Different medical therapies are available for patients with Crohn’s disease. Treatment 
with anti-tumour necrosis factor (TNF) agents can result in mucosal healing. Mucosal 
healing has been associated with sustained clinical remission, and reduced rates of 
hospitalization and surgery. However, these biological agents can have serious side-
effects. In addition, the therapeutic effect on transmural inflammation and stenotic 
lesions are largely unknown. Further, knowledge of the presence of complicating 
abscesses and fistulas is required for a more efficient deployment of medical therapy, 
particularly with anti-TNF agents. Better insight in the therapeutic effects of these 
costly (> 10.000 euro per year) therapeutics may guide the clinical decision-making 
process. Cross-sectional imaging has the potential to assess the effects on trans- 
and extramural lesions and monitor therapeutic responses. However, only few studies 
have explored how radiologic parameters of active inflammation change over time 
during medical therapy [24]. 
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Outline of this thesis

This thesis focuses on the performance of MRI in the ability to grade Crohn’s disease 
activity. Various aspects are studied: the reproducibility of different MRI features, the 
evaluation of scoring systems, the possibility to assess therapy response, the value of 
new MRI sequences and the grading accuracy of inexperienced readers.

Several studies have been performed to evaluate the accuracy of cross-sectional 
imaging techniques for the assessment of Crohn’s disease. However, comparisons 
between these techniques have hardly been performed. To determine accurate 
estimates, we have performed a meta-analysis of studies evaluating the ability of 
ultrasonography, MRI, CT and PET to grade Crohn’s disease activity in chapter 2.
Numerous MRI features have been proposed as markers of disease activity, either alone 
or together in MRI scoring systems. In chapter 3 an interobserver variability study 
evaluated these MRI features and two recent developed scoring systems. Besides, 
these two scoring systems were correlated to the Crohn’s Disease Endoscopic Index 
of Severity (CDEIS). In chapter 4, conventional T1 and T2 weighted, DWI and DCE-
MRI sequences were evaluated for quantitative assessment of Crohn’s disease activity 
based on histopathology from surgical specimens.
MRI has the potential to monitor responses on medical therapy. In the study reported 
in chapter 5, we described the assessment of inflammation and stenosis in patients 
on anti-TNF therapy, using serial MRI examinations.
In the last years, MRI is increasingly used in the assessment of Crohn’s disease. 
However, most radiologists have limited experience with this technique. Chapter 6 
provides insights in the accuracy of inexperienced readers to grade disease activity 
before and after training.
To improve MRI reading, computer-assisted models for the detection and classification 
of Crohn’s disease can be helpful. Chapter 7 focuses on the potential development 
of computer-aided detection using MRI and reviews the available computerized 
techniques, as well as preferred developments.
Chapter 8 and 9 provides a summary, general discussion and implications of this 
thesis in English and Dutch.
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