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Introduction

Chapter 1
General introduction and outline of the thesis

Parts of this chapter are adapted from:

Magnetic Resonance Colonography.
Marije P. van der Paardt, Frank M. Zijta, Jaap Stoker. 

In: Dachman AH, Laghi A (eds.) Atlas of virtual colonoscopy, 2nd edition,
New York NY, Springer, 2011; 145-153.





9

1
Introduction

GeneRal inTRoDUcTion

MRi of the bowel

Magnetic Resonance Imaging (MRI) is increasingly used in the management of pa-

tients with bowel diseases. In the early beginnings, MRI of the bowel was hampered 

by poor image quality due to respiratory movement and bowel peristalsis during long 

acquisition times. Yet, faster imaging techniques were developed improving image 

quality and resolution for abdominal imaging. Rectal cancer and Crohn’s disease are 

nowadays examples of areas being extensively evaluated with MRI.

MR colonography

Colorectal cancer is the third cause of cancer in the Netherlands with an incidence of 

13,408 patients with invasive colorectal cancer in 2012 and 5,335 deaths.1 Adenomas 

presenting as luminal polyps are considered as the precursors of colorectal cancer 

with an estimated time-scale of approximately ten years.2 Early removal of adenomas 

by colonoscopic polypectomy has resulted in reduced cancer-related mortality3 and 

therefore early detection of colorectal cancer and its precursor is the main objective 

in population screening programs for colorectal cancer. Several screening tools have 

been evaluated: faecal occult blood tests, optical sigmoidoscopy, colonoscopy and 

barium contrast enema. Faecal occult blood tests are non-invasive tests designed to 

detect early stage colorectal cancer.4 Barium contrast enema, however is outdated as 

a full colon evaluation test because it demonstrated low detection rates (only 50%) 

of cancer precursor lesions of > 10 mm.5 Sigmoidoscopy and colonoscopy are more 

invasive screening tests designed to both detect and remove colorectal cancer and 

its precursors, with sigmoidoscopy evaluating primarily the sigmoid and rectum, and 

colonoscopy evaluating all colon segments. Sigmoidoscopy proved to reduce cancer-

related mortality.6

Colonoscopy has shown high sensitivity and specificity in detection of adenomas 

and/or colorectal cancer.7 CT colonography was introduced to reduce the patient 

discomfort associated with colonoscopy and has emerged in daily clinical practice and 

has also been recommended as a screening tool for colorectal cancer in the USA.8–10 

Colonography with the use of MRI (MR colonography) was introduced as an alterna-

tive for CT colonography, primarily as it does not involve ionising radiation exposure. 

Similar to CT colonography, MR colonography is a non-invasive tool in which the 

complete colon (and extra-colonic organs) can be radiologically evaluated.11,12 As in 

CT colonography for optimal evaluation of the colon segments with MR colonography, 

bowel distension and bowel preparation are required.
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Bowel distension

Colonic distension is a prerequisite for MR colonography as adequate delineation of 

the bowel wall from the bowel lumen is required.13 Collapsed colon segments may be 

mistaken for tumour or may be misinterpreted as bowel wall thickening, which can 

be seen in inflammation. In addition, collapsed bowel may obscure any pathology 

leading to false-negative findings.13 Several distension methods have been evaluated 

over the years; water-based distension and gaseous-based distension with room-air 

being the most frequently used.13

Bowel preparation

The second prerequisite for MR colonography is preparation of the bowel, as faeces 

impede the evaluation of the bowel wall.13 As in colonoscopy, the colon can be cleansed 

using purgatives. In general, both polyethylene-glycol-electrolyte (PEG) solutions and 

sodium phosphate solutions are used for this purpose. Contrary to colonoscopy, how-

ever, the bowel does not have to be cleansed for CT- and MR colonography, as long 

as there is sufficient contrast between bowel wall (and lesions) and bowel content. 

Therefore other, less extensive preparation methods for CT- and MR colonography 

were introduced to improve patient acceptance.14,15 Similar to faecal tagging in CT 

colonography, contrast between bowel wall and bowel content in MR colonography 

can be obtained by ingestion of contrast agents with the regular meals, thereby 

homogenously labelling stool (’faecal tagging’).13 Prerequisites for faecal tagging are 

easy ingestion of the contrast agent (volume, taste), no or limited reabsorption of the 

faecal tagging agent by the bowel and adequate mixture with faecal material.16

Pelvic MRi in response monitoring

Rectal cancer showed an incidence of 3,980 in 2012 with a mortality rate of 1,087.17 

Pelvic MRI has proven its use for staging of primary rectal cancer.18 Tumour size, tumour 

stage, lymph node involvement, distance between tumour and mesorectal fascia, 

growth of rectal cancer in adjacent organs and intersphincteric plane involvement are 

evaluated for treatment management.18–20 In cases with a high risk of local recurrence 

(i.e. high stage tumour), pre-operative neo-adjuvant chemoradiotherapy is given prior 

to surgery in order to downstage the rectal cancer to achieve a higher success rate of 

the surgical treatment.21 The extent of the surgical tumour resection will depend on 

the response to chemoradiotherapy.18 Here pelvic MRI is increasingly studied for its 

role in the evaluation of the treatment response to pre-operative chemoradiotherapy. 

Tumour stage, lymph node involvement and tumour free resection margins are re-

evaluated. Treatment strategies might be changed if the tumour has progressed or if 

the tumour completely regressed.18 A challenge for pelvic MRI in response monitoring 

is in differentiating between residual tumour and fibrotic (benign) tissue.
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Moreover, the diagnostic accuracy of lymph node involvement not only varies for 

primary rectal cancer staging, but also varies for response monitoring after chemo-

radiotherapy.18,22–24 Newer imaging sequences (especially diffusion weighted imaging 

(DWI)) are increasingly studied to overcome these difficulties.22, 25 DWI measures tissue 

diffusion of water molecules, which differs for each specific type of tissue depending 

on cell density, vascularity, viscosity of extracellular fluid, and cell membrane integrity, 

and seems to be promising in restaging of rectal cancer after chemoradiotherapy.26

bowel motility

Bowel motility function is essential for transport, digestion and absorption of the bowel 

content.27 Dysfunction of the bowel motility is considered to play an important role in 

several gastrointestinal disorders, e.g. irritable bowel syndrome (IBS), dyspepsia, chronic 

idiopathic intestinal pseudo obstruction, small intestinal bacterial overgrowth and 

ileus.27 The frequency of contractions during peristalsis varies along the gastrointestinal 

tract.28 Moreover, bowel motility assessment is even more complex due to a variety 

of influencing factors such as bowel content, fasting state, and hormones. Current 

techniques to evaluate bowel motion are manometry, scintigraphy and radiographic 

examination of radio-opaque markers. Intraluminal pressure, bowel content transit 

times and myoelectrical activity are various aspects of bowel motility that are being 

studied. Manometry provides intraluminal pressure information as a result of the cir-

cumferential contraction and distension patterns of the intestinal wall.29 As manometry 

requires insertion of an intraluminal tube, this technique is often regarded as invasive.30 

Less invasive is capsule manometry which is orally ingested as a small capsule and the 

capsule registers pressure, bowel transit time and motility of the gastrointestinal tract.29 

Conventional radiography is readily available and inexpensive. The examination is per-

formed with ingestion of a number of radio-opaque markers followed by a sequence 

of x-rays until all markers have passed.29 Yet, patients are exposed to ionising radiation 

and therefore conventional radiographic examinations are not suitable for repetitive and 

long-term use.30,31 Scintigraphy is suitable for the complete gastrointestinal tract and 

provides information on radio-labelled bowel content transit times. However interpreta-

tion difficulties and the use of ionising radiation hamper its repetitive use and restricts 

its use only for extreme small bowel motility disturbances.29

Several studies have demonstrated both gastric and bowel motility quantifica-

tion with magnetic resonance imaging (MRI).27,30,32–34 Yet assessment of motility was 

performed either by means of two-dimensional evaluation of the gastrointestinal 

tract, with the use of bowel preparation, data acquisition during breath-holds, and/or 

manual bowel motility measurement. Volumetric dynamic MRI provides coverage of 

both small and large intestines in three dimensions. Moreover, automated objective 

bowel motility assessment without the use of breath-holds and oral contrast bowel 
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preparation could reduce patient discomfort, may lead to a more reproducible exami-

nation, and could allow evaluation over a larger time period. Furthermore the use of 

3 Tesla (T) MRI offers an increase in signal-to-noise ratio (SNR) and can consequently 

improve the image quality and image acquisition speed.35

SPatial Modulation of the Magnetization (SPAMM) is a non-invasive motion-

sensitive technique developed for cardiac imaging.36–38 It is able to capture soft tissue 

motion in vivo, and in high detail. The technique uses a prepulse to dephase the 

magnetization for a short moment to create a marker or tag which then can be traced 

during motion. Bowel motion in contrast to cardiac motion consists of non-repetitive 

motion which challenges the use of SPAMM for bowel motion assessment. However, 

as contrast is created by means of the tags, no additional contrast administration or 

bowel preparation would be needed with SPAMM imaging for bowel motion assess-

ment. Moreover, the tagged imaging facilitates automated motility analysis thereby 

enabling assessment over a larger time period.

Three Tesla imaging of the bowel

3T MRI offers an increase in signal-to-noise ratio (SNR) and has demonstrated to be 

advantageous in musculoskeletal and brain imaging, but application to the gastro-

intestinal imaging is more cumbersome.39,40 In principle the spatial resolution can be 

increased and acquisition times decreased with 3T MRI. This can improve image quality 

considerably. In MR colonography this implicates improved depiction of the colon seg-

ments with increased enhancement of contrast agents. However several factors may 

compromise the theoretical gain in SNR. At 3T MRI longitudinal relaxation times (T1) 

increases and therefore diminishing the SNR, if the TR of the sequence is kept identical. 

In addition, the increase of T1 relaxation times is tissue-dependent; therefore contrast 

in high-field-strength imaging varies from lower magnetic field strengths. Furthermore, 

with a twofold increase of magnetic field strength, the specific absorption rate (SAR) 

increases fourfold.40 SAR describes the deposition of energy by the radiofrequency (RF) 

pulses and as a result of that the potential heating of the tissue. At 3T protocols require 

adjustments to not exceed SAR approved limits. Furthermore, chemical shift artefacts 

are more prominent in high-field strength imaging. Artefacts caused by chemical shift-

ing appear as a hyper- or hypo intense zone. To decrease the chemical shift artefacts, the 

bandwidth of the sequence can be augmented. Yet, this decreases the SNR.

Replacing water-based enemas by insufflation of room air or carbon dioxide (CO2) 

for bowel distension in MR colonography – as is common practice in CT colonogra-

phy – is an important development for MR colonography. Preliminary results were 

unsatisfactory due to susceptibility artefacts which are caused by small heterogene-

ities in the magnetic field.41,42 In MR colonography the susceptibility artefacts are most 

explicit at the interface of (residual) gas in the colon and bowel wall.43 Susceptibility 
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artefacts increase with the raise in magnetic field strength. The availability of high 

performance gradients –permitting data acquisition with very short echo times– re-

duce the effect of susceptibility artefacts, and MR colonography with gaseous luminal 

distending agents proved to be feasible.44,45

oUTline of The Thesis

The first part of the thesis focuses on MRI and its potential to detect colorectal cancer 

and its precursors, and restage rectal cancer. Detection of colorectal cancer with the use 

of MR colonography has been studied over the years; however a standardized bowel 

preparation and imaging protocol are currently not available for MR colonography in 

contrast to CT colonography. In chapter 2 we review the different patient preparation 

techniques for MR colonography, as well as the imaging techniques associated with 

diagnostic performance and patient acceptance as described in the literature.

MR colonography with automated carbon dioxide insufflation for bowel distension 

proved to be feasible at 3T MRI, with adequate bowel distension and without hamper-

ing susceptibility artefacts. In chapter 3 MR colonography with the use of automated 

carbon dioxide insufflation was prospectively evaluated in patients symptomatic for 

colorectal cancer. The purpose of the study was to assess the adequacy of bowel dis-

tension and the performance of colorectal lesions detection with 3T MR colonography 

in comparison to conventional colonoscopy. Furthermore, patient burden and prefer-

ences of 3T MR colonography with the use of automated bowel insufflation for colon 

distension were compared to conventional colonoscopy, and described in chapter 4.

Restaging of rectal cancer after neo-adjuvant chemoradiotherapy can be chal-

lenging and the role of MRI in restaging is extensively studied with heterogeneous 

diagnostic performance results. In chapter 5 the diagnostic performance of pelvic 

MRI in restaging rectal cancer after pre-operative treatment with neo-adjuvant 

chemoradiotherapy was systematically reviewed.

The second part of the thesis focuses on advances of MRI in imaging of bowel motility. 

In chapter 6 the feasibility of detecting bowel motion both in a phantom model 

and one human subject, with the motion-sensitive SPAMM technique at 3T MRI is 

described. In chapter 7 we applied the motion-sensitive SPAMM technique in a sec-

ond study at 3T MRI. The purpose of this study was the assessment of bowel motility 

using the SPAMM technique in ten healthy volunteers. It was hypothesized that the 

decrease in motility following administration of a spasmolytic agent could be assessed 

reliably using a motion sensitive technique, called continuously tagged MR imaging, 

and could be described with the use of an introduced motility index.
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The findings of this thesis are summarized and discussed in chapter 8 and 9, in 

which also implications for future research are presented.
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