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Chapter 1

General introduction
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Ziech MLW, Stoker J. MRI of the Small Bowel: Enterography. 

In: MRI of the Gastrointestinal Tract. Berlin Heidelberg: Springer-Verlag; 2010. p. 117-134. 
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Crohn’s disease

Crohn’s disease is an inflammatory bowel disease that is most often located in the terminal 

ileum1 and is often diagnosed in young patients. The disease is chronic and frequently pa-

tients relapse and remit. Because clinical symptoms do not accurately represent luminal dis-

ease activity, other methods have been researched. Traditionally, imaging of the small bowel 

was done by barium enteroclysis, the first technique to visualize the entire small bowel. The 

limitation of barium enteroclysis is that only abnormalities of the luminal wall could be visu-

alised. The development of cross-sectional imaging techniques cleared this void. Computed 

tomography (CT) can be used for this purpose, however, the use of ionising radiation is an 

evident drawback. Ultrasound is not associated with ionising radiation exposure and can 

visualise diseases of the bowel. However, the field of view is limited by bowel gas and some 

deeper pelvic areas of the gastrointestinal tract are not accessible by abdominal ultrasound. 

Also, comparison between consecutive studies is hampered as only limited views are cap-

tured and assessment is operator dependent.  Magnetic resonance imaging (MRI) is capable 

of diagnosing Crohn’s disease, evaluating severity and monitoring treatment response2–13. 

Several findings seen on MRI reflect active disease such as T1 enhancement after intravenous 

contrast injection, increased T2 signal intensity, thickening of the bowel wall, the presence 

of skip lesions (pathological bowel segments are separated by normal bowel) and a layered 

appearance of bowel wall14,15. 

Reference standards

Currently, there is no gold standard for assessment of disease activity in Crohn’s disease. Usu-

ally, a combination of clinical findings, laboratory tests, (ileo-)colonoscopy, and MRI is used. 

For clinical studies, the Crohn’s disease endoscopic index of severity (CDEIS) is most often 

used. This endoscopic scoring system assesses the presence of ulcerations (superficial and 

deep) and other non-ulcerative lesions (such as edema and erythema) per bowel segment 

and also includes the presence or absence of a (ulcerative) stricture16. This score is calculated 

per patient, though it is also possible to calculate a per segment score. 

Some of the other reference standards in the literature are histopathology-based. The 

acute inflammatory score (AIS) measures several parameters in histological sections of 

 resected bowel specimens, such as amount and depth of neutrophils, presence of ulcerations 

and severity of edema in the bowel wall17. A separate score exists for histopathological 

 assessment of biopsies18. 

The Crohn’s disease activity index (CDAI)19, Harvey-Bradshaw index20 or laboratory 

 parameters such as C-reactive protein (CRP), can also be used to evaluate disease activity but 

these are not reliable for assessing disease severity21. 

MRI

MRI is currently recommended in international guidelines to evaluate small bowel involve-

ment in Crohn’s disease22. The sensitivity of MR enterography is 80% on a per patient basis, 

the specificity is 82% when using ileo-colonoscopy as reference standard. Per segment the 

sensitivity is 70% and the specificity 89%23. In a meta-analysis by Horsthuis et al24, the accu-

racy of grading Crohn’s disease activity was assessed. Eighty-seven percent of patients with 

frank disease were correctly depicted by MRI, in contrast to only 65% of patients with mild 

disease activity. Mild disease activity consists of superficial ulcerations. Accurate detection 

of mild Crohn’s disease using MRI is currently severely hampered by the spatial resolution 

of MRI which is insufficient to detect subtle mucosal changes such as superficial ulcerations 

and aphtoid lesions. Emphasis in recent studies has been on MR scoring systems based on 

already known parameters7. New techniques aimed at evaluating mild and severe disease 

activity are being developed to clear this void, such as dynamic contrast-enhanced MRI (DCE-

MRI).

DCE-MRI

DCE-MRI consists of a series of fast MRI scans that are acquired while a contrast agent is 

injected intravenously. The time-dependent signal intensity of the tissue can be depicted in 

a time intensity curve (TIC). In actively diseased bowel, a marked increase in signal intensity 

(enhancement) can be seen due to increased perfusion and vascular permeability in inflam-

matory tissue, possibly with a positive correlation between mesenteric hypervascularity/

vascular permeability and disease activity. Until now, in many studies either enhancement 

ratios of pathological bowel wall versus normal bowel wall have been determined, while in 

others degree of enhancement was subjectively determined (e.g. mild, moderate or marked 

enhancement). However, with these methods no objective, reproducible, quantifiable mea-

surement of activity is possible. This may be an important factor explaining the limited value 

of MRI to accurately identify remission or mild disease activity. DCE-MRI could indeed be 

used to determine activity of disease in an objective, quantifiable, reproducible manner and 

could be a valuable contribution to the currently imperfect disease scores.  
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High field strength 

In several studies the added value of 3T MRI has been investigated for abdominal purpos-

es25–27. With higher field strength an increase in signal to noise ratio (SNR) is expected. This 

increased SNR can be used to increase spatial and/or temporal resolution in 3T sequences. 

Previous DCE-studies on 1.5T were limited by the use of breathholds because of low temporal 

resolution of the sequence. With a 3T scanner it is possible to perform the sequence in free-

breathing with high temporal resolution (<1 s). To analyze the DCE-sequence registration of 

the data set is needed.

Perianal fistulizing Crohn’s disease

Perianal fistulas have a prevalence in the general population of 1 per 10.000, most frequently 

in males in their forties28. The most common type is the cryptoglandular fistula, representing 

up to 90% 28. Around 40% of patients with Crohn’s disease will develop a perianal fistula29–31 

and up to 36% of patients with Crohn’s disease present with a perianal fistula as their initial 

complaint31. 

Treatment in Crohn’s disease is primarily medical while patients with cryptoglandular 

fistulas will have surgery when conservative measures have failed. In Crohn’s disease detec-

tion of abscesses prior to start of medical treatment is important. With the exception of small 

abscesses, all other abscesses will first be drained surgically. During medical treatment objec-

tive monitoring of treatment response is necessary. 

Major problem with current treatment of perianal fistulas is recurrence, both after medi-

cal treatment and surgery. Reason for recurrence after surgery is that fistula extensions are 

not detected accurately during surgery. Hence, preoperative imaging is very important. Fur-

ther problem is that surgical treatment is hampered by the potential detrimental effect of 

surgery on continence, that limits the extent of possible surgery. In medical treatment timely 

identification of treatment response is important. Perianal fistulas are often remain active 

even if there is clinically external closure of the fistula and will not heal if medical treatment 

is discontinued.

 Current imaging techniques for assessing disease activity are endoanal ultrasound and 

MRI32. Endoanal ultrasound is a simple and fast technique that gives a detailed visualization 

of the anal sphincter complex, though it has the disadvantage its operator-dependency33. 

MRI examinations are in general time-consuming, but offer a high contrast resolution for de-

piction of pelvic anatomy and fistulas. Assessment of disease activity is currently performed 

in a subjective way. Ideally, an objective grading system would be better especially when 

evaluating therapy response in patients. DCE-MRI could be such an objective way to assess 

disease activity.

Outline of this thesis

This thesis focuses on MRI of the small bowel for luminal and perianal Crohn’s disease, espe-

cially the role of DCE-MRI.

In chapter 2 we provide current and optimal protocols for performing MRI of the small and 

large bowel at 3 Tesla. 

The problem that not all MR enterography/enteroclysis exams for luminal Crohn’s dis-

ease are evaluated in the same way, is assessed in chapter 3. We conducted a survey on which 

MR features are used for grading by experienced radiologists to assess which features are 

used most often and which features are considered important.  

In chapter 4 MRI features for Crohn’s disease are compared with a histopathology-based 

reference standard, and interobserver variability is assessed between three radiologists.

Current conventional MRI exams have low sensitivity (63%) for detection of mild ulcer-

ative disease. The value of DCE-MRI for detecting disease activity, with an emphasis on mild 

ulcerative disease is assessed in chapter 5.  

In children with suspected IBD the diagnosis of Crohn’s disease or ulcerative colitis based 

on clinical symptoms is often not apparent. The standard protocol is consists of gastro-

scopy and ileocolonoscopy under general anesthesia. In chapter 6 we tested the diagnostic 

 accuracy of ultrasound and MRI in combination with DCE-sequences for inflammatory bowel 

diseases (IBD) in a paediatric population to investigate if imaging can replace endoscopy as 

a primary diagnostic modality.  

Perianal fistulas can be evaluated with either MRI or with endoanal ultrasound. In chap-

ter 7 we present an imaging approach for perianal fistulas. We determine the value of DCE-

MRI for grading of disease activity in patients with a perianal fistula and Crohn’s disease 

in chapter 8. We also assess if DCE-MRI is an indicator of early therapy response in those 

patients who started with anti tumor necrosis factor (TNF)α. 

In chapter 9 we provide a summary, general discussion and conclusions and recommen-

dations for further research.
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Introduction

The bowel is an organ which was not easily and accurately assessable until the introduc-

tion of cross sectional imaging and newer endoscopic techniques. The location, length and 

bowel peristalsis were major hurdles which were first overcome by the introduction of con-

ventional radiology. Barium follow through examinations and conventional enteroclysis 

gave valuable information on the presence of stenoses and mucosal lesions while barium 

enema and double contrast barium enema were used primarily for detection of colorectal 

cancer and its precursors (adenomatous polyps). Disadvantages of these techniques were the 

lack of detailed information on both mural and extramural abnormalities and the resulting 

mediocre accuracy. Furthermore, the ionizing radiation exposure was a major drawback of 

these examinations especially as these often have to be repeated for treatment monitoring 

or screening of disease recurrence.

Ultrasound and computed tomography (CT) can be used for bowel assessment. They 

have high spatial resolution, give insight into mural and extramural abnormalities and are 

widely available. However, both have their limitations. Ultrasound has a limited field of view 

in areas where air or bone obscure viewing (e.g. pelvis), while reproducibility is a limitation. 

Primary drawback of CT is the ionizing radiation, while the contrast resolution is lower than 

for MRI.

MRI of the bowel was not possible when MRI was first introduced because long acquisi-

tion times in combination with respiratory movement and bowel peristalsis created large 

artefacts. In the last 10-15 years, fast imaging techniques that can be performed in a breath-

hold were developed. Reduction of data-acquisition time, improved image quality and opti-

mal resolution are developments in abdominal imaging that have led to the practicability 

of diagnostic assessment of  the bowel with MRI. Currently, 1.5T MRI scanners are primarily 

used to evaluate the bowel, but in recent years 3T scanners have been used for MRI of the 

bowel. Because of the anticipated two-fold increase in signal-to-noise ratio compared to 1.5T, 

and therefore improvement in temporal or spatial resolution of the images, there is an in-

creasing interest in adopting bowel MR protocols for 3T scanners. 

Artefacts at 3T

Several different problems are associated with imaging at 3T. In general a direct transition 

from 1.5 to 3T is not possible. One needs to consider several aspects related to pulse se-

quence design, such as timings, radiofrequency pulses and specific absorption rate (SAR) 

issues when imaging at 3T. 

Experience gained in for example imaging the brain at 3T does not necessarily apply to 

improve abdominal imaging. Many of the problems that are associated with imaging at 3T 

differ between regions. The main constraints in 3T imaging are related to changes in tissue 

T1 and T2 relaxation parameters, SAR limitations, susceptibility artefacts, B1-inhomogeneity 

artifacts and steady state free precession (SSFP) banding artefacts. A problem of the first 

generation 3T scanners for abdominal imaging is the reduced field of view in the z-direction, 

which is often limited to 30 cm. Current 3T MRI scanners have field of views that are compa-

rable to 1.5T scanners. 

In general one should be aware of the changes in T1 and T2 values when using 3T. T1-

values are prolonged at 3T, whereas T2-values are slightly shortened1. The change in T1 and 

T2 relaxation parameters at 3T imply the decrease of T1 contrast in T1-weighted images and 

the decrease in the SNR of T2-weigthed images, if TE and TR parameters are used that are 

identical to the ones used at 1.5 T. Direct adoption of imaging parameters used at 1.5T with-

out adjustments will therefore possibly alter the diagnostic quality of the images. Avoiding 

T1-weighting in spin echo sequences at 3T necessitates the use of higher TR-values which 

has as drawback an increased scan time. 

Energy deposition in tissue due the RF transmission can be limited by keeping SAR levels be-

low 4 W/kg over the whole body. However, the SAR increases by a factor 4 when going from 

1.5 to 3T. Here again, direct transition of sequence parameters (e.g. flip angles) from 1.5T to 

3T will not be possible. Sequences working close to SAR limits (e.g. turbo spin echo and SSFP 

sequences) are consequently limited at 3T. In fast spin echo sequences one might therefore 

consider to use refocusing angles much smaller than 180 degrees and to use parallel imaging 

factors much larger than 2, thus making use of the increased SNR at 3T.

Susceptibility artefacts are a well known source of MRI imaging artefacts. These artefacts 

arise in interfaces between different tissues in the body, e.g. bone and soft tissue. A local 

shortening of T2* can degrade the signal and in more severe cases significant distortion and 

even signal voids can occur. Those artefacts increase with field strength and consequently 

at 3T they are more pronounced. Fortunately, in fast imaging sequences with very short TEs 

susceptibility artefacts only play a minor role, although in echo planar imaging used for 
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 diffusion weighted imaging the effects can be very detrimental. In the latter case one should 

use either small field of views in the phase encoding direction or high parallel imaging  factors 

to keep the TE as short as possible. In addition the effectiveness of prepulses, e.g. for fat sup-

pression, can also be decreased by B0 inhomogeneity that is present near  tissue interfaces. 

B1-artefacts are among the most problematic artefacts hampering clinical routine use 

of 3T abdominal imaging. Due to the high dielectric constant of tissue (water) the B1 wave-

length is decreased from 234 cm in free space to approximately 30 cm in the body. The lat-

ter is of the order of magnitude of the FOV of many body imaging protocols and therefore 

artefacts resulting from the generation of standing waves within the field of view can occur. 

These artefacts consist of strong signal variations across the image. In areas of high signal 

intensity constructive interference occurs and areas of signal drop coincide with areas of de-

structive interference (figure 1). In addition conductivity effects also tend to increase B1 field 

inhomogeneity. In regions of highly conductive tissue such as ascites current can be induced 

by the rapidly changing RF field. The induced current tends to oppose the RF field therefore 

causing local signal drops in the image. Presently multi transmit systems are becoming avail-

able that largely reduce the effects of B1-homogeneity by use of sophisticated methods for 

B1-shimming. Several RF transmit coils can be combined whereby the phase and amplitude 

of the signal emitted by each coil are adjusted in order to obtain a homogeneous B1 field. 

Fast 3D imaging sequences with very short TRs below 10 ms are frequently being used 

in abdominal imaging because of their imaging speed while still maintaining high SNR and 

spatial resolution. Pulse sequences falling under the classification of balanced (b-)SSFP se-

quences such as b-FFE (Balanced fast field echo), TrueFISP (Fast imaging with steady state 

precession) and FIESTA (Fast imaging employing steady state acquisition) are very attractive 

for discrimination between lumen and bowel wall. However, b-SSFP sequences suffer from 

banding artefacts that become more prominent with increasing field strength (figure 2). The 

bands in the image originate from the dephasing of the transversal magnetization in each 

TR due to magnetic field inhomogeneities. Furthermore, the combination of b-SSFP with fat 

suppression can be problematic in terms of SAR, since b-SSFP sequences require high flip 

angles (~45 degrees) to generate the typical contrast between lumen and wall. At present 

no straightforward solution for the banding artefact is available.

 

Patient preparation

Oral contrast agents

Bowel pathology can only be accurately assessed when there is adequate luminal distension. 

Only large masses can be identified without distension. Collapsed bowel segments ham-

per adequate assessment of bowel wall pathology, as it can imitate or conceal wall related 

lesions 2. Small bowel distension can be achieved either by naso-duodenal intubation (MR 

enteroclysis) or oral contrast (MR enterography). Both have some drawbacks; enteroclysis 

is more burdensome and exposes the patient to radiation (during the naso-duodenal in-

tubation under fluoroscopic guidance), whereas enterography is less accurate in showing 

proximal small bowel lesions. Therefore the authors recommend MR enteroclysis in all new 

patients and MR enterography for Crohn’s disease follow-up.

Distension of the large bowel can be obtained either by rectal insufflation of gas, ad-

ministration of water-based enemas or oral contrast agents. Important features of a bowel 

contrast agent are a high contrast resolution between the bowel wall (and pathology) and 

the bowel lumen and homogeneous signal intensity of the lumen. 

There are three types of contrast agents; positive (bright lumen), negative (dark lumen) 

and biphasic (bright on one sequence, dark on the other). Bright lumen contrast agents are 

contrast agents which are gadolinium-based. Gadolinium causes both T1 and T2 shorten-

ing. When applying ‘normal’ concentrations, the T1-shortening effect predominates causing 

high signal intensity on both T1 and T2-weighted images. However, when the gadolinium 

concentration is much higher, T2-shortening occurs as well, causing signal intensity loss in 

all sequences. Nevertheless, T2-weighted sequences are more sensitive for this effect, which 

causes dark appearing lumen on T2-weighted images (thus making this type of contrast bi-

phasic). With the bright lumen technique, intraluminal lesions (polyps) can be seen as dark 

appearing filling defects.

When using negative contrast agents (the dark lumen approach), the lumen of the bowel 

appears hypointense on both T1 and T2-weighted images. This is caused by local field inho-

mogeneity induced by the contrast agent causing a signal drop on both T1 and T2-weighted 

images. When a paramagnetic contrast agent is given intravenously, this causes the bowel 

wall/lesion to enhance and thus improving the contrast between the bowel wall and lumen.
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Biphasic contrast agents differ from bright and dark lumen agents because they appear 

bright on one sequence, usually T2, and dark on the other, usually T1. Biphasic contrast 

agents are most commonly applied in small bowel MR imaging. Water is the most easily 

available biphasic contrast agent, but as water is fast absorbed by the gut, an osmotic agent 

if often added to improve luminal distension.

For small bowel imaging, the authors prefer to use a biphasic contrast agent (mannitol, 

2.5%, 1600 ml) as this results in optimal contrast between bowel wall and lumen at both 

T1-weighted and T2-weighted sequences. For MR enterography the patient starts to drink 

the contrast agent 1 hour before the exam, in aliquots of 1 cup per 5 minutes3. When using 

mannitol, colonoscopy with electrocoagulation should be avoided after the MRI, because 

methane and hydrogen are formed when mannitol dissociates. As an alternative, the sugar 

alcohol sorbitol (2.5% in 1500 ml water) can be used. For MR enteroclysis, the contrast me-

dium is infused through a naso-duodenal tube at 80-120 mL/min. During the infusion of the 

contrast, thick-slab SSFSE images are acquired to assess if the contrast has reached the coe-

cum. When this is the case, the MR exam can be performed.

 Bowel preparation schemes for 1.5T can also be implemented at 3T. For the same con-

trast agent concentration, the change in T1 parameter is larger at 3T than at 1.5T, due to 

the increase of T1 relaxation times at 3T by roughly a factor 1.5. To obtain images at 3T 

equivalent to 1.5T less contrast has to be administered. In general one should be aware that 

increased uptake at 3T should not be straightforwardly interpreted as pathological3.

MR colonography is used for diagnostic evaluation of the large bowel and differs from rou-

tine abdominal imaging in the way that it uses colonic distension for optimal visualization 

of bowel lesions  and secondly it uses either cleansing or faecal tagging for preparation of 

the bowel2.

Room air, water or a barium-containing mixture are generally used as bowel distension 

agents. Carbon dioxide (CO2) or room-air have been studied as gaseous distending agents 

in rectal insufflation for MR colonography and result in low signal intensity on T1- and T2-

weighted sequences2 (figure 3). Although most studies report on room-air insufflation, CO2 

has the advantage of less discomfort after the examination, due to faster re-absorption by 

the gastro-intestinal tract than room air. Studies on colonoscopy demonstrated better accep-

tance by patients of CO2 than room-air2. Both automated and manual insufflation is used in 

gaseous distension, although automated insufflation benefits from monitoring and regulat-

ing constant intra-colonic pressure as this might vary due to ileocoecal reflux and gas incon-

tinence. Up to now, diagnostic performance of MR colonography with gaseous distension 

varies2.

Susceptibility artefacts, due to field heterogeneities, are more prone at soft tissue-air in-

terfaces and increase with the increase of the magnetic field strength. As colonic distension 

by air-based and water-based contrast agent is one of the prerequisites of MR colonography, 

the latter is prone for susceptibility artefacts at the interface of gas and bowel wall. The use 

of fast imaging 3D sequences with very short TEs (3-4ms) decreases susceptibility artefacts in 

MR colonography with CO2 distension. Consequently susceptibility artefacts at 3T are most 

pronounced in 2D gradient echo sequences with echo times in the range of 50-80 ms, there-

fore the use of 3D sequences is recommended.

Although gaseous distension is akin to CT-colonography, most studies until now con-

cerned water-based enemas. Bowel distension with water-based enemas consisting of tap 

water or a mixture of water and gadolinium have been used2. Generally a volume of 1 to 3 

litres of water-based distension agent is used to maintain constant intracolonic distension. 

Signal intensity of water is high on T2-weighted images and low on T1-weighted sequences. 

When labelled with gadolinium, T1-weighted images appear high in signal (bright lumen) 

(figure 3). 

Chemical shift artefacts are increased at high-field imaging due to the increased differ-

ence in resonant frequency of water and fat. This artefact has implications for MR colo-

nography which uses water based enemas for bowel distension. In MR colonography the 

appearance of dark boundaries due to chemical shift artefacts at fat-water interfaces can 

hinder visualization of the bowel wall. To overcome these artefacts the bandwidth can be 

increased, although this reduces SNR. When using effective fat suppression techniques the 

consequences of this artefact will however be minor. 

Faecal tagging

Faecal residue can mimic or obscure bowel pathology and therefore hamper adequate di-

agnostic assessment of the large bowel. To overcome this impediment, the colon can be 

cleansed by purgative solutions as in conventional colonoscopy. In general sodium phos-

phate solutions and polyethylene-glycol (PEG)-electrolyte solutions are used for cleansing.

Faecal tagging as a bowel preparation method was introduced similar to its use in CT-colo-

nography 2. Faecal tagging refers to consistently labeling stool by oral intake of a contrast 
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agent with a regular meal, in that way providing for sufficient contrast between the colonic 

wall and the colonic lumen with it’s faecal content. Furthermore, as bowel purgation was 

considered burdensome, faecal tagging was also introduced to avoid extensive cleansing of 

the colon.      

Several faecal tagging strategies have been proposed in MR colonography research. Tag-

ging agents containing high concentrations of barium-sulphate were studied. Initial results 

were promising as differentiation of colonic wall and lumen was exceptional, yet subse-

quent research demonstrated less encouraging results regarding patient acceptance and 

 image quality2. Following these results, different solutions containing barium were studied 

concerning diagnostic accuracy and patient acceptance resulting in improved outcomes 2. 

Furthermore, gadolinium-based faecal tagging agents were studied, however in preliminary 

research high costs of the tagging agent hindered extensive application2.

Diagnostic accuracy of bright lumen MR colonography is influenced by false positive 

findings caused by residual air and faeces. As most lesions are not affected by gravity as 

opposed to residual air and faeces, the examination is performed in both supine and prone 

position 2 (figure 4). In the dark lumen approach dual positioning is not required to avoid 

false-positive findings due to air/faeces residue as lesions of the bowel wall are enhanced; 

nevertheless dual positioning is in fact essential for optimal bowel distension (figure 5). To 

avoid false-positive findings in dark lumen MR colonography, pre-and post contrast imaging 

is performed.  

For MR colonography, the authors prefer to use the dark lumen approach using automat-

ed CO2 insufflation for bowel distension as this improves adequate colonic distension and 

patient acceptance (figure 6 and 7). As in CT-colonography, faecal tagging with an iodinated 

contrast agent is applied for adequately labelling the stool, causing high signal intensity of 

the stool at T1 and T2 weighted sequences. Furthermore, the laxative effect of the iodine pro-

vides for liquid stool with a good mixture of stool and contrast. To ensure sufficient colonic 

distension of all bowel segments, prior to data acquisition, the insufflation is performed 

while changing the patient’s position from its right lateral side to the left lateral side. The 

intracolonic pressure is monitored by an automated insufflator. To our knowledge, no MRI 

compatible insufflator exists; therefore long tubing is used for insufflation with the insuffla-

tor outside the MR suite. 

Sequences at 3T

When transferring bowel imaging MR sequence protocols from 1.5T to 3T modifications are 

mandatory because of differences in tissue T1 and T2 relaxation parameters (longer T1 and 

shorter T2 relaxation times at 3T) and SAR limitations (see specific sequence for details). 

All sequences must be performed in 15-25 sec breath-holds. If the breath-hold is over 15 

seconds hyperventilation directly prior to the sequence is recommended. Careful explanation 

of the procedure and length of the breath hold is mandatory (see table 1 for recommended 

scan parameters).

Table 1: Recommended scan parameters for 3T MR imaging of the bowel

Sequence: SSFSE 
coronal

SSFSE axial SSFSE axial
With fat 

 saturation

3D T1w 
 gradient 

echo 
coronal

3D T1w 
 gradient 

echo 
axial

Repetition 
time (ms)

800 800 1450 2.2 2.2

Echo time 
(ms)

65 65 70 1.0 1.0

Flip angle 
(degrees)

90 90 90 10 10

Slice thick-
ness (mm)

4 4 7 2 2

Number 
of signal 
 averages

1 1 1 1 1

Fat 
 saturation

No No Yes Yes Yes

Gap (mm) 1 1 1 - -

Matrix 256*200 256*200 288*233 200*200 200*200

Field of 
view

400*400 375*300 375*300 400*400 375*300
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Single-shot fast spin echo (SSFSE)

This sequence is recommended as initial sequence as it gives an overview of the abdomen. 

Both coronal and axial sequences must be performed. Since one slice is acquired per shot, 

this sequence is relatively insensitive to motion artefacts although intraluminal flow arte-

facts can occur. The normal bowel wall has uniform low signal intensity on this sequence; 

wall oedema (e.g. in active inflammation) and mural fat (e.g. in patients with longstanding 

inflammatory bowel disease) have high signal intensity. To differentiate between oedema 

and intestinal fat, a fat-suppressed sequence is recommended. 

Theoretically, 3T MRI scanners have twice the SNR compared with a 1.5T scanner. One 

study has assessed that for SSFSE the ultimate gain in SNR is only 1.74. This is due to specific 

problems at 3T, such as SAR limitations. In comparison to 1.5T, the TE of this sequence needs 

to be shortened. The 180º-refocusing pulses need to be reduced because of SAR limitations, 

which lowers the SNR. When shortening the TE, the SNR improves but this causes some loss 

in T2 contrast. In addition, standing wave artefacts can be present in patients with ascites. 

Three-dimensional T1-weighted gradient echo

The overall enhancement and the enhancement pattern of the bowel wall after intravenous 

contrast injection is best assessed on this sequence. The authors recommend administering 

intravenous Gadolinium (0.1 ml/kg) and start the scan after 60 seconds. This is specifically 

important in patients with inflammatory bowel disease where enhancement is one of the 

features used for determining disease activity. The sequences should be performed in coro-

nal and axial plane if isotropic voxel sizes are not available. Also, the use of fat saturation 

is recommended to optimize the contrast between enhancing bowel wall and mesenteric 

fat.  Because this sequence is very sensitive to (peristaltic) motion, it is advised to give an 

anti-peristaltic drug, such as N-butyl scopolamine bromide or glucagon. In the USA N-butyl 

scopolamine bromide is not FDA approved for this application and can not be used.

3D Spoiled gradient-echo sequences (e.g. THRIVE, VIBE or FAME) are robust sequences 

that can be implemented without much adaptation on 3T, with a good SNR and contrast-to-

noise ratio5.

Balanced steady-state free precession (b-SSFP)

B-SSFP sequences combine their contrast from both T1 and T2 in a ratio (T2/T1). This se-

quence is often used at 1.5 Tesla for assessment of the small bowel wall as it provides a high 

contrast anatomical overview. Thereby, this breath-hold sequence is not sensitive to motion. 

At 3T, banding artefacts (appearing as bright and dark stripes in the image) and low SNR 

substantially degrade the usefulness of this sequence. When increasing B0-homogeneity the 

banding pattern migrates to the borders of the field of view. However this solution is not 

very practical at 3T, since the effectiveness of shimming is limited at 3T. Another solution 

is to vary the location of the banding pattern in consecutive acquisitions6, as illustrated in 

figure 2. This can give good results, but the imaging time is increased and the final image is 

prone to blurring due to differing breath hold positions. A satisfactory solution to reduce the 

banding artefact has not been proposed so far.

Diffusion-weighted imaging (DWI)

DWI reflects the changes in water mobility caused by interactions with macromolecules and 

cell membranes. This can be measured by the apparent diffusion coefficient (ADC value). DWI 

at 3T can benefit from increased SNR, but also image quality can suffer because of increased 

magnetic susceptibility. These artefacts can be limited using parallel imaging techniques, 

thus shortening imaging time and TE. 

At 1.5T for detection of active Crohn’s disease, DWI showed decreased ADC values in 

patients with active disease with a sensitivity of 95% and a specificity of 82%7. To our know-

ledge, no study has been performed at 3T.

Developments in DWI demonstrated valuable potential in the field of oncology for detec-

tion of cancer and response prediction to therapy. However, to our knowledge, all studies in 

DWI of the bowel have been performed at 1.5T or lower field strength MR imaging. 

Cine Imaging

To obtain information about small bowel motion and peristalsis, it can be useful to add a cine 

MRI sequence. Especially adhesions can be visualized by fixation of bowel loops and lack of 

normal peristalsis. On 1.5T, this is usually done with the b-SSFE sequence. On 3T, SSFSE can 

be used instead, acquiring 2 slices per second.

Imaging Indications

Inflammatory bowel disease

Crohn’s disease and ulcerative colitis are the two main diseases that comprise IBD. IBD is 

characterized by disease remissions and exacerbations. Crohn’s disease can be present in the 
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whole gastrointestinal tract, but is most commonly located in the terminal ileum. Colonic 

involvement is also often present. Specific for Crohn’s disease is the presence of skip lesions 

where pathological bowel wall lesions are separated from normal bowel wall. Crohn’s dis-

ease is a transmural disease, so all bowel wall layers can be involved and extra intestinal 

manifestations (fistulas, abscesses) can occur. 

Ulcerative colitis is a mucosal inflammatory disease and is confined to the colon and 

rectum with a predilection for the distal colon and rectum, though ‘backwash ileitis’ can 

mimic terminal ileitis. Because the inflammation occurs only in the mucosal layer of the large 

bowel, extra-enteric manifestations are very rare.

Diagnosis or follow-up (therapy monitoring) for Crohn’s disease is the most important 

indication for MR imaging of the small bowel. MRI is capable of diagnosing Crohn’s disease 

and monitoring therapy response. In a meta-analysis sensitivity was 93.0% and specificity 

was 92.8% for detection of Crohn’s disease8. All studies in this meta-analysis were performed 

at 1.5T or less. Only one study has been performed that focused on evaluating Crohn’s dis-

ease activity at 3.0 Tesla9. This study demonstrated the feasibility of 3T MR enterography in 

a small cohort of twenty Crohn’s disease patients. Two MR parameters were assessed; cor-

relations were found between the CDEIS and bowel wall thickness and enhancement. As of 

yet, to our knowledge no studies have been performed that compared 1.5T with 3T for the 

accuracy of diagnosing Crohn’s disease. 

A recent meta-analysis determined the accuracy of MRI in grading disease activity. Seven 

studies were included (one at 3T), of which six examined both the small and the large bowel. 

MRI correctly graded 91% of frank disease and 62% of patients in remission or with mild 

disease 10. This low accuracy in grading of mild disease activity (presented often as small 

mucosal ulcerations) might be due to low spatial resolution in MRI or the inability of MRI to 

detect small lesions. 

The role of MR colonography in Crohn’s disease patients is limited. It has been studied 

in a few studies and only at 1.5T. Sensitivity for segment-based inflammation was 32% and 

specificity was 88% 11. Rimola and colleagues have published an educational exhibit about 

50 IBD patients in whom they performed MR colonography, but did not report statistical 

evidence12.

The place of MR imaging in ulcerative colitis patients is limited to MR colonography, as 

ulcerative colitis is limited to the colon. Only the mucosa is affected and especially in mild 

disease, where there is only mucosal oedema and hyperaemia, spatial resolution is to low 

to detect this. When there is severe disease, the colonic wall changes can show ulcerations, 

wall thickening and enhancement but less than in Crohn’s disease because the inflammation 

is not transmural12.

In Crohn’s disease patients, current guidelines from the European Crohn’s and Colitis 

Organisation (ECCO) recommend performing ileocolonoscopy for initial diagnosis and to as-

sess the extent of the disease, either by small bowel MRI or CT. They add that because of the 

radiation risk in young patients, MR should be considered where possible. The American Col-

lege of Radiology recommends performing an abdominal CT, though they indicate that MRI 

may have the same sensitivity and specificity. The choice of examination therefore depends 

on institutional resources and preferences. For ulcerative colitis, ECCO guidelines do not rec-

ommend MR imaging as routine imaging technique.

Imaging features for IBD

Several imaging features are known to reflect active Crohn’s disease activity.

Bowel wall thickening is used as one of the most important parameters to assess disease 

activity since a long time10. Traditionally, this is best assessed on b-SSFP images, but if these 

are not available, SSFSE can also be used for this purpose (figure 8). There is no consensus 

in the literature on the exact upper limit of normal bowel wall, however often a bowel wall 

> 3 mm is considered as thickened. The thickening can be due either to fibrosis or oedema 

of the bowel wall. In a previous study on a 3.0 Tesla scanner, a significant correlation was 

found for bowel wall thickness and the CDEIS9. False-positive findings mimicking thickened 

bowel wall can occur when the bowel is not optimal distended; therefore all sequences have 

to be scrutinized for the images with the most optimal distension. This primarily concerns 

MR enterography; bowel loop distension is optimized at MR enteroclysis.

Enhancement of the bowel wall. One of the most important findings for disease activity 

is the enhancement of the bowel wall of intravenous contrast injection. In a meta-analysis, 

 enhancement was one of the most important parameters for Crohn’s disease activity 10. 

To our knowledge, only one study assessed enhancement of bowel wall at 3T. In that study, 

a significant correlation was found between CDEIS and mural enhancement9 (figure 8).
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T1-stratification (layered appearance of bowel wall) can been seen when the bowel wall 

enhances after intravenous contrast injection. Enhancement can be mucosal (innermost lay-

er of bowel enhancing), homogeneous (all bowel wall enhancing equally) and layered (both 

mucosal and serosal bowel wall layers enhancing with a central band of relatively reduced 

enhancement. At 1.5T a multilayered appearance of the bowel wall was associated with in-

flammatory activity measured at histology13 (figure 9).

High T2 signal intensity of the bowel wall is most often present when there is inflammation/

oedema of the bowel wall, such as in active Crohn’s disease. Fat suppression is recommended 

to distinguish oedema from fat. At 1.5T, the signal intensity of the bowel wall compared 

to the signal intensity of cerebrospinal fluid was positively correlated with disease activity 

measured at histology13 (figure 9).

Stenosis. A stenosis can be defined as a luminal narrowing of the bowel wall of more than 

50%. This can be evaluated on all sequences. If a pre-stenotic dilatation is present, this indi-

cates (partial) obstruction. A stenosis can be either caused by fibrosis or inflammation. If the 

stenosis is due to inflammatory activity, medical therapeutic options should be considered. 

Therefore it is important to differentiate between fibrosis and inflammation. After intra-

venous contrast, active Crohn’s disease does enhance whereas a fibrotic stenosis does not 

enhance. 

Verification of the degree of obstruction on the different sequences performed during the 

MR enterography procedure gives important information on the degree of obstruction. The 

sensitivity of detecting a stenosis with MR enterography at 1.5T is 86% versus 100% for MR 

enteroclysis14. The higher accuracy with MR enteroclysis is due to the better distension, but 

in daily practice enterography can also be performed because the obstructed flow due to the 

stenosis gives rise to a pre-stenotic dilation. Also cine imaging can be performed to assess 

the motility of the bowel wall (see sequences).

The presence of the comb sign indicates increased blood flow in the vasa recta of a bowel 

segment. The mesenteric vessels are arranged like the teeth of a comb, hence the name comb 

sign. This can be seen on b-SSFP images or on T1-weighted images. It is considered to indi-

cate the presence of active disease (figure 8). 

Creeping fat or fibro fatty proliferation is the stranding and retracting of mesenteric fat 

around affected bowel segments. Most often, this phenomenon can be seen in patients with 

a past episode of active inflammatory bowel disease. The presence of creeping fat can best 

be assessed on SSFSE images.

Traditionally, the presence of ulcerations can best be assessed on b-SSFP images, but also 

on SSFSE. Deep linear ulcers appear as thin lines of high signal intensity, longitudinally or 

transversely (fissure ulcers) orientated within the thickened bowel wall (figure 10). On T1-

weighted images, ulcerations can be seen as a focal defect in the enhancing bowel wall. 

Lymph nodes. Patients with Crohn’s disease often have enlarged mesenteric lymph nodes 

(> 1 cm). These can best be visualized on b-SSFP sequences. At 3T, these can best be seen on 

a T1-weighted sequence (figure 11). Lymph nodes may enhance, although the relevance of 

this finding for determining disease activity is disputed.  

Fistula and abscess. Fistulas and abscesses are extraluminal manifestations of Crohn’s dis-

ease that can best be seen on post-contrast T1-weighted images, because of their enhance-

ment after intravenous contrast due to inflammation (figure 12). A non active fibrotic track 

will not enhance. In abscesses, the centre will have a hypointense signal intensity because of 

the fluid content, whereas the wall of the abscess enhances. 

Detection of colorectal polyps and colorectal cancer

Colorectal cancer (CRC) is the second leading cause of cancer related death in most west-

ern societies. Colorectal adenomas are considered to be the benign precursors in the 

majority of cases of colorectal cancer. Efforts have been made to reduce mortality and 

incidence by screening and surveillance. Colonography with computer tomography (CT-

colono graphy) has gained clinical acceptance as it is less invasive and burdensome com-

pared to conventional colonoscopy and has proven its role as alternative to colonoscopy in 

symptomatic patients. Importantly, it has also been demonstrated to have good accuracy 

for screening 15. Drawback of CT-colonography is ionizing radiation exposure which could 

be prevented by using MR colonography. MR colonography has been studied over the last 

decade for detection of colorectal cancer and the precursor of colorectal cancer, colorectal 

adenomas 16.
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Large colorectal lesions are highly suspicious for colorectal cancer at MR colonography, 

especially obstructing masses. For polypoid lesions malignancy can not be determined at MR 

colonography. However, the risk of colorectal cancer within an adenoma is size-related and 

therefore polyps are categorized in three categories: large polyps of 10 mm and larger, inter-

mediate polyps of 6-9 mm and small polyps of 5 mm and smaller. In large polyps a prevalence 

of advanced histology was demonstrated to be 30.6% and malignancy in approximately 

10%. The prevalence of advanced histology in polyps intermediate sized (6-9 mm) was 6.6% 

with a range of 4.6-11.7% while the chance of malignancy is smaller than 1%. For polyps of 

≤ 5 mm advanced neoplasia was demonstrated to be present in 1.7% (range 1.2-2.0%) and 

the risk of malignancy was demonstrated to be very small (0.06%). In CT-colonography there 

is  consensus that patients are referred for colonoscopy when polyps of 6 mm and larger are 

demonstrated2.

Primarily research has focused on dark lumen MR colonography with the use of bowel 

cleansing and a water-based enema; the results were encouraging as no false-negative 

findings were demonstrated. Initial research using the bright lumen method for MR colo-

nography demonstrated high diagnostic accuracy for large lesion detection, though diag-

nostic performance for smaller lesions varied. Most research was performed at 1.5T or less. 

The majority of studies have been performed in patients with symptoms of colorec-

tal cancer or patients under surveillance. A systematic review on diagnostic accuracy of 

detection of (precursors of) colorectal cancer with MR colonography showed encouraging 

results 16. Thirteen studies, both bright and dark lumen MR colonography studies, were 

evaluated. Furthermore, two study groups performed MR colonography at 3T MR scanners, 

however one study was executed on both 1.5T and 3T MR systems. In this study, unfortu-

nately, differences in diagnostic accuracy, image quality and patient acceptance were not 

mentioned. The systematic review on colorectal cancer detection with MR colonography 

showed excellent results as sensitivity was 100%. For the detection of large polyps (10 mm 

or larger) the per-patient sensitivity was 88% (95% CI 63–97%) and specificity 99% (95% 

CI 95–100%) and the per-polyp sensitivity was 84% (95% CI: 66-94). No conclusions could 

be drawn for polyps of intermediate size and smaller than 6 mm, due to heterogeneous 

data16. 

Although this systematic review demonstrates promising results, it has to be taken into 

account that data on diagnostic accuracy of MR colonography in detection of colorectal can-

cer and colorectal polyps is heterogeneous and to date, no consensus has been reached on 

patient preparation method and technique.

The results of MR colonography in symptomatic patients can not be extrapolated to 

screening. One prospective study, performed on a 1.5T MR system, has focused on asymp-

tomatic patients with a normal risk profile for colorectal cancer 2;16. The prevalence for pol-

yps of 10 mm and larger was demonstrated to be 6.3%. Although the overall patient based 

sensitivity and specificity was 36.4% and 90.2%, for intermediate sized lesions and lesions 

of 10 mm and larger, sensitivity was 60% and 70% respectively and 100% specificity was 

demonstrated.

Other indications

As of yet, only few studies have been performed that assessed the accuracy of 3T MRI Crohn’s 

disease or colorectal polyp and colorectal cancer detection. For other indications for small or 

large bowel MRI discussed here, there is no data on the use of 3T.   

As MRI permits superior soft tissue resolution, MRI is able to detect complications of 

 diverticular disease like abscesses, fistulas and free abdominal fluid. To date, MR colono-

graphy has shown promising results in evaluation of acute diverticulitis; sensitivity was 

86%, specificity 92% for detecting diverticular disease with the dark lumen method at 1.5T17. 

The role of 3T MRI is not yet established.

MR imaging for acute abdominal pain, specifically appendicitis, was not often used 

 because of long scan times and logistical problems. As faster sequences were developed, 

more interest has developed for MRI for this indication. Most studies have been performed 

on 1.5T or less and many concern pregnant patients. A systematic review has shown that 

sensitivity of MRI for diagnosing appendicitis is 80% and specificity is 99% 18. As of yet no 

data exists on 3T MRI for appendicitis.

Peutz-Jeghers syndrome is characterized by the occurrence of hamartomatous small and 

large polyps and these patients require frequent monitoring because these polyps can de-

generate to a malignancy and therefore need to be resected. No studies have been performed 

to test the accuracy for polyp detection at 3T MRI. For 1.5T, polyps < 5 mm are not detected 

because of low spatial resolution.

Celiac disease is a gluten-sensitive enteropathy of the small bowel. Because of the lack 

of specific symptoms, diagnosis can be difficult. Patients whom are referred for small bowel 
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MR for non-specific gastrointestinal complaints can have celiac disease as their underlying 

pathology. The most specific sign for celiac disease on MR are fold pattern abnormalities. Ileal 

jejunisation denotes an increase in ileal folds, whereas the folds in the jejunum decrease or 

completely flatten. 

Small bowel malignancies are relatively uncommon. Carcinoid is the most common pri-

mary small bowel tumour. At 1.5T carcinoid either presents as a concrete mass that enhanced 

after intravenous contrast or as a uniform bowel wall thickening which showed also en-

hancement. Small bowel lymphomas are usually of the non-Hodgkin type. They are mostly 

located within the bowel wall and enhance after intravenous contrast is given.

1.5T versus 3T 

Theoretically, 3T MRI scanners have twice the SNR compared with a 1.5T scanner. However, 

due to specific problems (such as SAR) the ultimate gain in SNR is often less, e.g. 1.7 for SSFSE 

sequences 4. The gain in SNR at 3T is used in other fields such as neurovascular imaging to 

obtain a better imaging quality. In these fields 3T has become superior to 1.5T imaging.

For bowel imaging however, imaging at 1.5T is still the standard in most hospitals. In 

Crohn’s disease patients, abdominal MR imaging at 3T is feasible but future research will 

have to point out if diagnostic accuracy rates are actually higher than at 1.5T. 

To our knowledge, the only comparative studies of 3T versus 1.5T for bowel diseases 

reporting data concern the detection of colorectal polyps and cancer. Wessling et al. dem-

onstrated no significant difference in detection of polyps larger than 6 mm in a phantom 

(10 sessile polyps: 4x2mm, 3x3mm, 1x4mm, 1x6mm, 1x8mm) 19. This study demonstrated 

overall sensitivity for polyp detection of 56% at 1.5T and 55% at 3T. 

Moreover, a study in 40 patients carried out by Rottgen and co-workers demonstrated 

no overall significant difference in image quality at 3T compared to 1.5T 20. 2D b-SSFP im-

ages were found to be superior at 1.5T, but there were no significant differences in 3D T1-

weighted fat-suppressed gradient echo and SSFSE. Furthermore, a phantom model with pol-

ypoid lesions was studied both at 1.5T and 3T. The study demonstrated significantly better 

visualization of the polyps at 1.5T and visualization of artificial polyps20. However Saar et al. 

demonstrated a sensitivity of 100% for colorectal lesions larger than 6 mm as all carcinomas 

(4/4) and polyps (16/16) were identified at 3T using two different T1 weighted 3D gradient 

recalled echo sequences 5. Diagnostic quality was reported to be excellent in 94% and 92% 

respectively for the two sequences. 

It can be expected that in the future the advantage of 3T MRI will be further exploited in 

techniques such as very fast dynamic contrast-enhanced sequences. In Crohn’s disease, it is 

known that bowel wall enhancement is a marker of disease activity. DCE-MRI is a technique 

that acquires images during the delivery of contrast in the tissue of interest (in this case 

the bowel), thus highlighting the dynamic response of the tissue to the inflow of blood and 

the subsequent distribution in the extracellular fluid space. Analysis of the time-dependent 

changes of signal intensity on dynamic contrast-enhanced MR images might provide valu-

able information about disease activity in Crohn’s disease patients.

Conclusion

The use of abdominal protocols for 3T has increased over the last few years. Although it is 

feasible to perform MR of the small bowel and MR colonography at 3T, further research has 

to be performed to determine whether 3T performs better than 1.5T. At this moment, there 

is no compelling evidence that favours the use of 3T MRI over 1.5T MRI for imaging bowel 

diseases. Technological advances like B1-shimming and increased B0 homogeneity in the z-

direction of modern 3T scanners, will contribute largely to the clinical acceptance of 3T MRI 

scanners for abdominal imaging. 
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Introduction

MRI is increasingly employed for the evaluation of small bowel Crohn’s disease. MRI can be 

used to diagnose Crohn’s disease and to assess disease severity, classifying it, for  example, 

as mild, moderate or severe1, 2. Grading disease severity guides further management of 

 patients3. 

In the literature, a number of MRI features have been reported for grading disease activ-

ity in Crohn’s disease patients, such as T1-enhancement, bowel wall thickness and T2-signal 

intensity. Several review articles have described how to assess MRI of the small bowel, but 

some of these contradict one another. For example, absolute contrast enhancement is pre-

sented as a marker of disease activity in some of these reviews4, 5 while others dispute this6, 7. 

As most studies only assess a few MRI features and use different reference standards, it is 

not possible to directly compare all MRI features to determine which features are most im-

portant. Currently, individual radiologists evaluate different MRI features when they assess a 

small bowel MRI, which may lead to different grading. In the absence of conclusive data, we 

have to rely on expert opinion. As a first step to develop stronger studies of clinical validity and 

a consensus statement on the grading of small bowel Crohn’s disease, we solicited the judg-

ment expert abdominal radiologists, asking them about the MRI features they rely on to grade 

a small bowel MRI, and to identify the protocols they use for performing small bowel MRI. 

 

Materials and methods

A research grant was received from the Nuts Ohra Foundation. Nuts Ohra Foundation was 

not involved in designing and conducting the study and did not have access to the data. The 

Nuts Ohra Foundation was not involved in data analysis or preparation of the manuscript.

To identify expert abdominal radiologists, we performed a systematic search of the litera-

ture, using Pubmed, for articles reporting studies of grading Crohn’s disease (in multiple cat-

egories), published between January 2006 and January 2009. A second search was performed 

in February 2010 to include authors that had been published between January 2009 and 

January 2010. The following search terms were used: ‘enterography’, ‘enteroclysis’, ‘abdo-

men’, ‘bowel’ in combination with the term ‘Magnetic Resonance Imaging’. This resulted in 

115 potentially eligible papers. The first author examined the abstracts to see if the corre-

sponding study contained information about the grading of Crohn’s disease. Papers that only 

discussed the presence of Crohn’s disease (active versus inactive) were not considered. In 

addition the abstracts of the scientific meetings of the Radiological Society of North America 

Abstract

Objectives: 

MRI is increasingly used for disease activity grading in small bowel Crohn’s disease. It is not 

known which imaging features are essential for grading. For further insight, we solicited the 

opinion of expert radiologists.

Methods: 

A questionnaire about the grading of Crohn’s disease was sent to 36 radiologists who had 

published on MRI grading of Crohn’s disease between January 2006 and January 2010. Radi-

ologists were asked which MRI protocol they used, how they graded luminal Crohn’s disease, 

which features they used, how important they considered those features for grading, and 

which reference standards they used.

Results: 

Twenty-four radiologists responded (66%). They used different protocols and features; most 

frequently T2-weighted sequences (79%) and contrast enhanced fat saturated T1-weighted 

sequences (83%). MR-enterography was more often used than MR-enteroclysis (88% versus 

33%). Features most frequently considered important for grading were bowel wall thick-

ness (79% of radiologists), the presence of an abscess (75%), T1 enhancement (75%), and T1 

stratification (46%). Reference standards differed; most commonly (ileo-) colonoscopy (88%) 

or surgery (75%) were used.

Conclusions: 

Bowel wall thickness, abscess, T1 enhancement and T1 stratification are most often used for 

grading. Because of difference in grading, there is need for an international consensus on 

MRI grading of Crohn’s disease.
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gists responded that the item was used for grading disease activity but remarked that it 

was only used to assess the presence of disease (active versus inactive) then the answer was 

interpreted as ‘not used for grading’. 

Whenever a feature was used for grading disease activity, the radiologist was asked to 

score the importance of the feature on a 0 to 100 visual analogue scale, anchored at 0 as 

“not important” and at 100 as “very important”. The digital version of the questionnaire 

contained a 10-point Likert scale for the same items.

Statistical analysis

We converted all VAS scores and Likert scale responses to 0 to 10 scores. When a MR feature 

was not used for grading, its score was assumed to be zero. Medians with interquartile 

ranges (IQR) and the modus were calculated. We reclassified the relevance scores for the MR 

features by dichotomizing the scale at 7, with scores below 7 interpreted as “not mandatory” 

and , 7 or higher as “mandatory for grading”. 

Results

Two radiologists had inactive email accounts and could not be contacted otherwise. The 

questionnaire was returned by 24 of the 34 remaining radiologists in 34 different hospitals 

(71%). They had a mean abdominal radiology experience of 10 years (range 3 to 20 years) and 

had performed a median of 350 MRI small bowel readings (range 50 to 1500). 

MR Protocol

In 21 of the 24 hospitals (88%) MR enterography was performed (median 100 exams per year; 

range 12 to 450). MR enteroclysis was performed in eight hospitals (33%); median 27.5 per 

year (range 6 to 75). Five hospitals performed both MR enteroclysis and MR enterography 

(21%). When both examinations were performed, enterography was used for Crohn’s disease 

follow-up (five institutions, 21%); in all other cases enteroclysis was used.

The examination was performed solely at 1.5T in 20 hospitals (83%), at 1T in one hospital 

(4%). Three hospitals performed the examinations both at 1.5T and 3T (12%). Scanners used 

were: Siemens Healthcare (15; 63%), General Electrics Healthcare (3; 13%), Philips Healthcare 

(4; 17%), both General Electrics and Siemens Healthcare (1; 4%) or both Siemens Healthcare 

and Philips Healthcare scanner (1; 4%).

The MRI small bowel sequences differed among institutions. T2-weighted sequences 

(RSNA) in 2007, 2008 and 2009 and of the European congress of Radiology (ECR) in 2008 and 

2009 were manually searched for presentations on the grading of luminal Crohn’s disease. 

From all selected papers and abstracts the hospital where the research was performed was 

noted. Per hospital one radiologist was identified, which was either the first or the last au-

thor from the corresponding radiology department. Thirty-six individual radiologists from 

36 hospitals were selected this way. 

A questionnaire about the grading of Crohn’s disease was developed, based on sugges-

tions from three external experienced abdominal radiologists and that of the authors. The 

questionnaire was sent as a PDF-attachment to an invitation email message in April 2009. 

A first reminder was sent after one month to radiologists who had not responded by then. 

After nine months a second, online version of the questionnaire was used, anticipating that 

using an online questionnaire could increase participation. Non-responders were invited by 

email to complete the questionnaire.

Questionnaire

The first part of the questionnaire consisted of questions about the MR small bowel protocol 

in their hospital. This part included the following items: scanner type, field strength of the 

scanner and MR technique (enterography and/or enteroclysis), the patient’s position during 

the exam, type of sequences and the use of intravenous contrast agents and spasmolytics 

during the scan. The second part consisted of questions about the grading of luminal Crohn’s 

disease when performed in a research setting. The following features were listed: number of 

categories used for grading, thickness of the bowel wall, signal intensity of the bowel wall 

on T2-weighted images, enhancement of the bowel wall after intravenous contrast, strati-

fication (layered appearance) of the bowel wall on T1-weighted and T2-weighted images, 

presence of an abscess, presence of a stenosis, appearance of the outer contour of the bowel 

wall, the presence of fibrofatty proliferation (creeping fat) around the bowel, the presence 

of the comb sign (hypervascularity of the mesenteric vessels), the presence of ulcerations, 

enlarged lymph nodes and enhancement of lymph nodes after intravenous contrast. Radi-

ologists were given the opportunity to add one or more additional features that were not 

included in the list.

All participants were asked if they used these features for grading and, if so, how they 

used this feature in grading disease activity as ‘no disease activity’, mild, moderate, severe, 

chronic or ‘other’. Respondents could mark more than one option as applicable. If radiolo-



44 45

C
hapter 3C

ha
pt

er
 3

…which MRI features are considered as important?Grading luminal Crohn’s disease:…

1

2

3

4

5

6

7

8

9

1

2

3

4

5

6

7

8

9

Table 2: Intraluminal contrast agents used for MRI of the small bowel.

Enterography Enteroclysis

Mannitol 8/21 (38%) 1/8 (13%)

Polyethylene glycol (PEG) 6/21 (29%) 3/8 (38%)

Methylcellulosis 1/21 (5%) 2/8 (25%)

Barium sulphate suspension (Volumen, 

Bracco, Milan, Italy)

2/21 (10%) 1/8 (13%)

Tap water - 1/8 (13%)

Ferumoxil (Lumirem, Guerbet, Vil-

lepinte, France) (2/19 10%), 

1/21 (5%) -

Sorbitol 1/21 (5%) -

Mannitol in combination with locust 

bean gum 

1/21 (5%) -

PEG solution (Glycoprep-C, Pharmatel 

Fresenius Kabi, Australia)

1/21 (5%) -

All but one institution used an intravenous contrast agent (23; 96%). The institution that 

did not use an intravenous contrast agent indicated that they used a diffusion-weighted 

sequence instead. Twenty-two radiologists used a spasmolytic agent to suppress bowel peri-

stalsis (22;92%). Buscopan (Boehringer-Ingelheim, Ingelheim, Germany) was used more often 

(82%; 18/22) than glucagon (18%; 4/22).

MRI features used for grading

When grading luminal Crohn’s disease, 23 radiologists indicated that they used two or more 

categories. Most often four categories (no, mild, moderate, severe) were used (n=13; 54%), 

while three categories (no, mild, severe) were used (7; 29%) as well. One radiologist used five 

categories. One radiologist only graded inactive versus active disease and one other used 

four categories (active with/without obstruction, inactive with/without obstruction). One 

radiologist did not grade disease activity at all (but did grade the different MRI features). 

Below we describe the MRI features in order of frequency of use for grading. 

without fat saturation and contrast enhanced T1-weighted sequences with fat saturation 

were the most performed sequences. The frequencies of the most common sequences are 

given in table 1. Patients were scanned in supine position (14; 58%), prone (9; 38%) and both 

supine and prone (1; 4%). Several types of contrast agents were used for performing small 

bowel MRI. Results are given in table 2.

Table 1: MRI sequences used for MRI of the small bowel

With fat 
saturation

Without fat 
 saturation

T2-weighted turbo spin echo (TSE, HASTE, single shot TSE)

Axial 11 (46%) 19 (79%)

Coronal 8 (34%) 18 (75%)

Sagittal 0 1 (4%)

Balanced Steady State Free Precession (b-SSFP, true-FISP, 

balanced FFE, Fiesta)

Axial 7 (29%) 11 (46%)

Coronal 4 (17%) 15 (63%)

Sagittal 0 1 (4%)

T1-weighted sequence (Thrive, Vibe, Fame)

Axial 16 (67%) 1 (4%)

Coronal 20 (83%) 0

Sagittal 0 0

Cine sequences 3 (13%)

Diffusion weighted images 5 (21%)

FLASH 3D 5 (21%)

Others1 1 (4%)
1 Other sequences that were used by one hospital were: dynamic contrast enhanced sequen-

ces, FLASH 2D and T1-weighted sequence in and opposed phase (1/24, 4%). 
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 (median 10mm); this concerned the short axis in 13 of 24 cases (54%). Implications for dis-

ease activity of enlarged lymph nodes were most often moderate or severe disease activity 

(12/17; 71% and 13/17; 77%) (figure 3). One radiologist only graded the presence of enlarged 

lymph nodes if other features were present and one used also the number of enlarged lymph 

nodes for grading. Seven radiologists (29%) thought that evaluation of this feature was man-

datory for grading (Figure 2).

Creeping fat (fibrofatty proliferation) was used for grading by 17 radiologists (71%). It indi-

cated chronic disease according to 14 respondents (82%) (figure 3). Seven radiologists (29%) 

thought that evaluation of this feature was mandatory for grading (Figure 2).

High signal intensity on T2-weighted images: Sixteen radiologists (67%) used this feature 

for grading. The signal intensity was compared to normal bowel wall (14/16; 88%), the gall-

bladder/urinary bladder (1/16; 6%) or a combination of the signal intensity of normal bow-

el wall and cerebrospinal fluid (6%). Most radiologists thought that this feature indicated 

moderate or severe disease activity (7/16; 44% and 11/16; 69% respectively) (figure 3). Some 

radiologists indicated that they thought the implication was dependent on the presence of 

lymph nodes and thickness of the bowel wall. One radiologist indicated that it meant acute 

disease. Ten radiologists (42%) thought that evaluation of this feature was mandatory for 

grading (Figure 2).

Sixteen radiologists used the presence of a stenosis for grading (67%). The definition of high 

and low grade stenosis differed. The cut-off point for a low grade stenosis ranged from 20% 

lumen reduction to 70% lumen reduction (median 50%, IQR 30-50). For a high grade stenosis 

the range was 50-80% lumen (median 50, IQR 50-74). One radiologist used three categories 

for grading: mild (<50%), moderate (50-80%) and severe (>80%). Another radiologist did not 

use cut-off points but a subjective scale from zero to three. A third radiologist differentiated 

between high grade and low grade obstruction only through the presence of prestenotic 

dilatation. The majority of the respondents (18; 75%) defined a low grade stenosis as a steno-

sis without prestenotic dilatation while a high grade stenosis did include a prestenotic dila-

tation (21; 88%). This feature was most considered to indicate severe disease activity (9/16; 

57%) or chronic (depending on the presence of fibrosis) (10/16; 63%) (Figure 3). Twelve radi-

ologists thought that evaluation of this feature was mandatory for grading (50%) (Figure 2). 

Bowel wall thickness was the most frequently used feature: Twenty-one of 24 radiologists 

(88%) assessed bowel wall thickness. The maximum upper limit of normal bowel wall thick-

ness differed between radiologists. Most radiologists thought that 3.0 mm was the upper 

limit (15; 63%), two radiologists thought 2.0 mm (2; 8%), while for other limits (2.5 mm, 

3.5 mm, 4.0 mm and 5.0 mm) one radiologist each considered this the upper limit. In figure 1 

we show the median importance scores, with interquartile ranges, of the importance of the 

individual features (figure 1). Nineteen of 24 radiologists thought that evaluation of bowel 

wall thickness was mandatory for grading (79%) (see Figure 2). 

The presence of an abscess was used for grading by 19 of 24 radiologists (79%). This was as-

sumed to indicate severe disease activity by all these respondents (19/19;100%), though moder-

ate disease activity was also mentioned by some (5/19; 26%). Eighteen of 24 radiologists (75%) 

thought that evaluation of the presence of abscesses was mandatory for grading (figure 2).

The presence of the comb sign was used for grading by 19 (79%). These radiologists consid-

ered the sign to indicate moderate or severe disease activity (12/19; 63% and 14/19; 74%, 

 respectively) (Figure 3). One radiologist thought that the presence of the comb significantly 

 correlated with CRP. One other radiologist graded the presence of the comb sign only when 

other features were present (such as T1 enhancement). Seven of 24 radiologists (29%) thought 

that evaluation of the presence of the comb sign was mandatory for grading.

Eighteen radiologists used T1 enhancement after intravenous contrast for grading (75%). 

The enhancement was most often compared to non-enhancing bowel wall (14/18; 78%); 

other structures were liver or kidney (1/18; 6%), vessels (1/18; 6%) or a combination of vascu-

lar structures and normal bowel wall (1/18, 6%). Most radiologists thought that enhancing 

bowel wall after intravenous contrast depicted moderate or severe disease (both 14/18; 78%) 

(Figure 3). One indicated that the grading of disease activity depended on the enhancement 

pattern (1/18; 6%) and one respondent indicated that it depended on other factors such as 

the wall thickness, T2-layering and peri-enteric changes (1/18; 6%). Eighteen radiologists 

thought that evaluation of this feature was mandatory for grading (75%) (Figure 2). 

The presence of enlarged lymph nodes was used for grading by 17 radiologists (71%). The 

definition of enlarged lymph nodes was not agreed on. The cut-off ranged from 5-15 mm 
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and low intensity of submucosal layer denotes submucosal fibrosis (figure 3). Only one ra-

diologist thought that evaluation of this feature was mandatory for grading (4%) (figure 2). 

Features that were added by the responding radiologists were: perianal disease activity (2; 

8%), presence of sacroiliitis (1; 4%), the presence of free abdominal fluid (2; 8%), diffusion 

restriction at diffusion-weighted imaging (2; 8%) and the presence of fistulas (7; 29%).

MRI features that were frequently combined when grading were: bowel wall thickness in 

combination with the comb sign (18/21), with T1 enhancement (17/21) and with abscess 

(17/21). All radiologists who scored T1 bowel stratification (11/21) also scored maximum wall 

thickness. 

Several reference standards were used to evaluate the accuracy of findings of small bowel 

MRI in research. Most often used were (in descending order of frequency): (ileo-)colonoscopy 

with pathology (21; 88%), surgery with histopathology (18; 75%), CDAI (14; 58%), CRP (13; 

54%), CDEIS (7; 29%), video capsule endoscopy (7; 29%), white blood cell count (WBCC) (7; 

29%), erythrocyte sedimentation rate (ESR) (6; 25%), clinical information (5; 21%), double 

balloon enteroscopy (4; 17%) and physical examination (4; 17%).

The appearance of the outer contour of the bowel wall was graded by 13 radiologists (54%). 

Contour features that were assessed were: presence of peri-enteric stranding, an unsharp 

contour of bowel wall, presence of mesenteric fat oedema, ‘hairy’ appearance of the bowel 

wall and the loss of valvulae conniventes. These contour changes represented severe dis-

ease activity according to most radiologists (12/13; 92%) (figure 3). The presence of ‘hairy’ 

lesions denotes fibrotic changes or involvement of the whole bowel wall according to one 

radiologist. Eight radiologists (33%) thought that evaluation of this feature was mandatory 

for grading (Figure 2).

The presence of ulcerations was used for grading by half of the respondents (12; 50%). Im-

plications for disease activity were moderate (8/12; 67%) and severe (11/12; 92%) disease 

activity (figure 3). Eight radiologists thought that evaluation of this feature was mandatory 

for grading (33%) (Figure 2).

Stratification of enhancing bowel wall at T1-weighted gradient echo sequences was used 

for grading by 11 radiologists (46%). Enhancement patterns were assessed in two to four cat-

egories. Most radiologists used three categories (combinations of no, mild, severe or no, mu-

cosal, layered) for grading (7/11; 64%). Two grading categories were used by 3/11 radiologists 

(27%) and one radiologist used four categories. The implication of T1 stratification differed 

to the opinion of the 11 radiologists (table 1). Eleven radiologists thought that evaluation of 

this feature was mandatory for grading (46%) (Figure 2).

Lymph node enhancement was used for grading by eight radiologists (33%). The enhance-

ment was compared to a pre-contrast series (5/8; 63%) or non-enhancing lymph nodes (3/8; 

37%). Enhancing lymph nodes were considered to indicate moderate (7/8; 88%) or severe 

(7/8; 88%) disease activity (figure 3). Four radiologists thought that evaluation of this feature 

was mandatory for grading (4; 17%) (figure 2).

Only two radiologists used stratification on T2-weighted images for grading (8%). One ra-

diologist indicated that T2 stratification denotes chronic disease; the other indicated that an 

intermediate intensity of mucosal and serosal layer and high intensity of submucosal layer 

denotes submucosal edema or fat and an intermediate intensity of mucosal and serosal layer 
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Table 3: Implications for disease activity of T1 stratification

Possible T1-stratification 
patterns.

Type of disease activity Number of 
radiologists

Stratified pattern

(hyperintense mucosa, with 

hypointense submocosa and 

hyperintense serosa)

Denotes more chronic disease 2

Stratified pattern Denotes chronic disease or very acute dis-

ease with marked submucosal edema.

1

Stratified pattern Denotes more severe disease 3

1. Stratified pattern  

2. Homogeneous enhance-

ment 

1. High disease activity with hypervascu-

larity limited to the inner layer and no 

enhancement of fibrotic tissue

2. Severe disease activity often in first 

presentations of Crohn’s disease.

1

1. Marked homogeneous

2. Stratified

3. Moderate diffuse

1. Transmural inflammation

2. Active disease with submucosal edema

3. Chronic disease with the presence of 

fibrosis

1

Stratified pattern due to:

1. Fat

2. Fibrosis

3. Oedema

1. Denotes duration of disease

2. Fibrosis present versus not present

3. Moderate/severe versus mild disease 

activity

1

1. Mucosal enhancement

2. Homogeneous

1. Confined disease activity

2. Severe disease activity

1

1. In combination with 

stratification on T2-

weighted images

2. Presence of oedema

3. Submucosal fibrosis or 

fat deposition in the wall

1. No disease activity if also no stratifica-

tion on T2-weighted images.

2. Mild disease activity

3. Severe disease activity

1

Discussion

The results of our questionnaire show variability in the features used in grading disease 

and the importance attached to them, although there was a general agreement on certain 

aspects of grading. Bowel wall thickness, T1 stratification, the presence of an abscess and 

T1 enhancement were judged as mandatory for grading disease activity. Intra-abdominal 

abscesses are considered as proof of transmural disease and their presence has therapeutic 

consequences (need for drainage, contra-indication for anti–TNF  treatment). T1 stratifica-

tion patterns have more recently been indicated as important when grading6;8. Because the 

implication is not yet clear, the actual usefulness of this feature is still debatable (table 3).  
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such as infections. Nevertheless, these are often used as reference standard11;12, most likely 

because they are easily available.

Several studies have been published that combine MRI features for the assessment of 

Crohn’s disease, but these papers all use different MRI features and different reference stan-

dards. In a study by Rimola et al. several MRI features were assessed for their value for pre-

dicting CDEIS, in order to create a scoring system13. The MRI features that were predictive 

of CDEIS score were wall thickness, relative contrast enhancement, the presence of wall oe-

dema and the presence of ulcerations. A scoring system was developed using these features 

that predict disease activity. Only the predictive value of certain MRI features was assessed, 

while other features were not evaluated (for example, comb sign and bowel wall stratifica-

tion). In a study by Punwani et al, several MRI features were validated against a histologi-

cal reference standard6. Mural thickness and mural/cerebrospinal fluid ratio correlated after 

backward selection with an acute inflammatory score which was based on histology. As with 

the previous study, not all MRI features were tested in this study. It is yet unclear what the 

implication is of these omitted features.

A recent meta-analysis assessed the accuracy of MRI in grading Crohn’s disease. The MRI 

features that were used for disease assessment in most of the studies were T1 enhancement 

and mural wall thickness (respectively, seven and six out of seven studies)1. Other features 

(stenosis, target sign, cobble stones, enlarged lymph nodes, ulceration, local injection, length 

of pathological bowel wall, extra intestinal findings) were only used in one or two studies.

The implications of our results for grading are twofold. There seems to be consensus on 

the relevance of bowel wall thickness, T1 enhancement, T1 stratification and intra-abdom-

inal abscesses when grading.  Second, the authors want to stress the need for a consensus 

protocol on how to grade a small bowel MRI examination. We recommend that international 

experts on abdominal MRI form a consensus panel to establish a guideline. This guideline 

should advise on the MRI protocol for small bowel assessment and the MRI features for grad-

ing based on systematic literature reviews and featuring levels of evidence for all guideline 

statements. In addition, further research on the value of MRI parameters compared with a 

well-established reference standard will help to clarify the relevance of these MRI features.   

Some potential limitations of this study should be considered. We deliberately consulted 

only radiologists who had previously published on the grading of Crohn’s disease and not all 

hospitals that perform small bowel MRI. As these radiologists have conducted research, we 

expected that they could judge the importance of the features better than radiologists that 

had not performed research, with systematic comparison of MRI findings with a reference 

standard. There were changes in the method for indicating the importance of the finding 

(VAS, scale 1-10) and for completing the questionnaire (by e-mail, document on internet) 

between the two rounds of questionnaires but we do not think that this will have had a sub-

stantial effect on the results as these are minor modifications. We arbitrarily dichotomized 

the relevance of MR features at a score of 7 as we considered this a sensible cut-off. Some 

additional features were added to our list. The presence of intra-abdominal fistulas was men-

tioned most often. The other additional features were not used by more than one radiologist 

and seem not relevant for grading.

The importance attached to MRI features with respect to the severity of disease activity 

was very diverse, however all radiologists agreed that the presence of an abscess indicates 

severe disease activity (although some indicated that moderate disease activity was also pos-

sible). The presence of creeping fat was considered to indicate chronic disease activity (82%). 

Most radiologists (54%) used four categories (no, mild, moderate, severe) for grading disease 

severity. This corresponds to international guidelines for the management of Crohn’s disease, 

where different therapeutic options are based on mild, moderate or severe disease activity3.

There were MRI protocol variations between the institutions. Although the use of bi-

phasic contrast agents was widespread, some radiologists preferred to use a dark lumen 

contrast agent. Whether enterography or enteroclysis gives better results is still an ongoing 

debate in the literature9. It is known that although enteroclysis gives better bowel disten-

sion, this does not result in significant higher accuracy10. Furthermore, there was a variation 

in sequences used. All but one institution performed T1-weighted sequences with the use of 

intravenous contrast, which is in concordance with the finding that T1 enhancement and T1 

stratification are considered as important features. 

Pathology-based reference standards (surgical resections and endoscopic biopsies) were 

thought of as the best reference standards in comparison to endoscopic (CDEIS, double- 

balloon enteroscopy, video-capsule), clinical (CDAI, physical examination) or laboratory 

 parameters (CRP, WBCC, ESR). Clinical and laboratory parameters do not always represent 

accurately disease activity,6 because patient’s symptoms can be caused by other entities 
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Abstract

Purpose: 

To retrospectively compare histopathological findings of surgically resected bowel segments 

with MRI findings on Crohn’s disease activity. 

Materials and methods:

Patients who underwent a MR enterography or enteroclysis before surgery were included 

after informed consent. MRI features (T1-enhancement, T1 and T2 stratification, T2 signal 

intensity, bowel wall thickness, presence of ulcerations, comb sign, creeping fat, and disease 

activity) were assessed by three experienced abdominal radiologists. An acute inflammatory 

score based on histopathology (parameters: mucosal ulceration, oedema, depth and degree 

of neutrophils) was calculated. Interobserver variability for subjective MRI features was also 

assessed.

Results:

Thirty-nine segments in 25 patients (mean age 38 years) were included. Of the MRI features, 

disease activity per segment and bowel wall thickness had a positive association with the 

acute inflammatory score (p<0.05). T1-enhancement had a positive correlation with disease 

chronicity. All other MRI features did not have an association with the acute inflammatory 

score. Interobserver agreement between the three observers was weak to moderate. 

Conclusion:

Bowel wall thickness and disease activity per-segment reflect disease severity in Crohn’s 

disease patients.

Introduction

Crohn’s disease is a chronic inflammatory bowel disease that often relapses and remits. It 

is known that the patient’s complaints do not always accurately represent disease activ-

ity. In clinical practice, MRI is used for assessment of Crohn’s disease in combination with 

endoscopy, biochemical markers and patient’s clinical symptoms. Specific signs at MRI are 

used as disease activity markers although there is no consensus which markers are the best 

indicators of disease activity. A meta-analysis reported that bowel wall enhancement after 

intravenous contrast and bowel wall thickening are most often used as MRI features in grad-

ing disease activity1. Until now most studies compared overall assessment of disease activity 

obtained by MRI with clinical scoring systems such as CDAI2 and endoscopic scoring systems 

such as the CDEIS3 as a reference standard. A drawback of the CDAI is that this scoring sys-

tem evaluates disease activity on a per patient basis, instead of per segment. The CDEIS on 

the other hand does assess individual bowel segments but inherent to the endoscopic tech-

nique it does not include mural and extraluminal findings. 

Ideally a histopathology-based reference standard should be used as this overcomes the 

limitations of CDAI and CDEIS. This analysis can then be performed on a segmental basis and 

includes assessment of mural and extramural disease. Borley et al developed a histological 

scoring system that quantifies acute inflammation (acute inflammation score; AIS) specifi-

cally in Crohn’s disease patients4. Recently, a study has been published that correlates MRI 

features with histopathology. This study demonstrated that the AIS was positively correlated 

with bowel wall signal intensity on T2-weighted fat-saturated images, mural wall thickness 

and a layered pattern of enhancement but not with mural enhancement5. As that study 

was limited to 18 patients, it would be interested to know if the results would be similar in 

other datasets. Current data on interobserver agreement of MRI features in Crohn’s disease 

is scarce. 

The purpose of the current retrospective study was therefore to compare histopathologi-

cal findings of resected bowel segments with the MRI findings on Crohn’s disease activity 

and to study the interobserver agreement of MRI.  

Materials and methods

We searched the hospital’s pathological database for patients with Crohn’s disease, who 

underwent small bowel surgery for Crohn’s disease related complications between Janu-

ary 2001 and August 2008. Included were patients who had small bowel surgery and a MRI 
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examination up to 4 months prior to surgery. Permission by the medical ethics committee 

was waived as this was a retrospective study. Written informed consent was obtained from 

all patients.

Histopathology

All resected bowel specimens had been formalin-fixed and photographed. All tissue sections 

had been taken according to the hospital’s standard protocol; sections were taken of all mac-

roscopically abnormal areas and in addition at 10 cm intervals, from the proximal towards 

the distal end of the specimen. Sections were stained with haematoxylin and eosin. 

A pathologist with ample experience in gastrointestinal pathology evaluated all available 

sections and graded the AIS in each section using the modified method of Borley et al4 in the 

most affected sections (see table 1 for items in scoring list). This system scores acute inflam-

mation up to a maximum score of 13. 

Table 1: Acute inflammation score

Mucosal ulceration 
score

Oedema 
score

Depth of neutro-
phil penetration

Degree of neutro-
philic infiltration

Score

None None None No increase 0

Aphtous ulceration 

only, <7 mm diam-

eter

Mild Mucosa Mild (0-25% of 

 inflammatory popu-

lation composed of 

neutrophils)

1

Linear or rake ulcer-

ation

Moderate Submucosa Moderate (25-50%) 2

Confluent or large 

ulceration

Severe Muscularis 

 propria

Marked (>50%) 3

Serosa or 

 extramural fat

4

MRI

During the study period MR enterography was performed in patients with known Crohn’s 

disease. MR enteroclysis was used in patients without a history of Crohn’s disease at the 

time of imaging. The MRI preparation was as follows: all patients fasted four hours prior to 

the MRI. MR enterography patients ingested 1600 ml of a 2.5% mannitol solution (Baxter, 

Utrecht, the Netherlands) in 60 minutes before the MRI. MR enteroclysis patients underwent 

nasoduodenal intubation under fluoroscopic guidance. Mannitol was administered through 

the nasoduodenal tube at a speed 60-120 ml/min until adequate luminal distension was 

achieved. All patients received a spasmolytic agent (butylscopolamine bromide, Buscopan, 

Boehringer-Ingelheim, Ingelheim, Germany) intravenously to suppress small bowel peristal-

sis and either Omniscan (0.1 ml/kg, Amersham Health BV, Eindhoven, The Netherlands) or 

Magnevist (0.2 ml/kg, Schering, Berlin, Germany) at 60-70 seconds before the T1-weighted 

sequence. MRI examinations were performed at 1.5T (Signa Horizon Echospeed, LX 9.0, Gen-

eral Electric Medical Systems, Milwaukee, WI and Avanto, Siemens, Erlangen, Germany) and 

at 3T (Intera, Philips Medical Systems, Best, the Netherlands).

The following sequences were used for acquisition of images: Interpolated 3D T1-weight-

ed gradient echo, Single-shot half-Fourier RARE (rapid acquisition with relaxation enhance-

ment) and Balanced Steady State Free Precession (see table 2 and 3).
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Table 2: 1.5 Tesla scan parameters

Sequence: Single-
shot 

half-Fou-
rier RARE 
 coronal

Single-
shot 

half-Fou-
rier RARE  

axial

Balanced 
SSFP 

coronal

Balanced 
SSFP 
axial

Inter-
polated 
3D T1w 
coronal

Inter-
polated 
3D T1w 

axial

Repetition 

time (ms)
938-1204 800-938 3.75-4.8 3.97-4.8 1.79-7.70 3.23-7.80

Echo time 

(ms)
65-87 85-118 1.88-2.3 1.99-2.3 1.09-4.1 1.09-3.50

Flip angle 

(degrees)
90-180 128-150 55-70 55-68 12-80 12

Slice thick-

ness (mm)
4-5 5 5 5 2-5 3-4

Gap (mm) 4-5 5 5 5 0-5 0-5

Matrix (256-512)-

(128-224)

256-(128-

205)

(256-384)-

(192-256) 

(256-512)-

(125-194)

(256-512)-

(166-256)

256-(96-

192)

Field of view (420-500)-

(420-500)

(300-400)-

(218-400)

(320-421)-

(440-500)

(192-400)-

(275-399)

(365-480)-

(400-500)

(250-500)-

(187-400)

Table 3: 3 Tesla scan parameters

Sequence: Single-
shot 

half-Fou-
rier RARE  
coronal

Single-
shot 

half-Fou-
rier RARE  

axial

Balanced 
SSFP 

coronal

Balanced 
SSFP 
axial

Inter-
polated 
3D T1w 
coronal

Inter-
polated 
3D T1w 

axial

Repetition 

time (ms)
1700 1043-

1133

2.8 3.13 2.94-3.43 3.00-3.14

Echo time 

(ms)
60 60 1.4 1.56 1.41-1.70 1.45-1.55

Flip angle 

(degrees)
90 90 45 45 10 10

Slice 

thickness 

(mm)

5 5 5-10 5 4-5 4

Gap 

(degrees)
5 5 5 5 2 2

Matrix 304-273 304-244 192-230 192-230 (192-272)-

(192-272)

192-192

Field of view (455-485)-

(455-485)

455-455 (375-450)-

(375-450)

450-450 (380-440)-

(380-440)

395-395

Matching

The surgical report, histopathology report, and photographs of the resected bowel were 

scrutinized to match the location of the resected bowel segments to the pre-operative MRI. 

Important features used during matching included anatomical landmarks (e.g. ileocoecal 

valve), strictures and length of the resected small bowel. This matching was performed by a 

research fellow and an abdominal radiologist in consensus. This radiologist was not involved 

with the image scoring. The former performs multiple studies on MRI in Crohn’s disease, 

including a prospective matching study. The latter has 15 years of experience in abdominal 

imaging with emphasis on MRI and CT of the gastrointestinal tract. The matching was per-

formed on a segmental basis; sections were matched with the same segment on MRI. The 

bowel segment was marked on one balanced gradient echo sequence or if not present on one 
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ultra fast gradient echo sequences at an IMPAX workstation (IMPAX SP4 Su4 DS3000, AGFA 

Mortsel, Belgium).

Image evaluation 

All images were independently evaluated on an IMPAX workstation by an experienced ab-

dominal radiologist (observer 1; experience 14 years, 20.000 MRI, 1.000 MR small bowel). 

Two other abdominal radiologists (observer 2 and observer 3) with respectively 14 and 2 

years of experience in abdominal imaging also scored the same subjective MR imaging fea-

tures. (observer 2: 20.000 MRI, 200 MR small bowel, observer 3: 600 MRI, 100 MR small 

bowel) All observers knew that patients were operated for complications of Crohn’s disease, 

but had no knowledge of other clinical information. Image evaluation was performed of the 

bowel segments that were marked on the MRI on the IMPAX workstation, to make sure that 

each radiologist scored the same bowel segment. All measurements were conducted as one 

per segment; placement was on the site with the visually most deviate lesion. 

The following features were assessed: Maximum bowel wall thickness was measured 

in millimetres with the use of electronic callipers. The observers were allowed to perform 

multiple measurements but had to choose one final measurement to be used for this study. 

Maximal bowel wall enhancement was measured on post-contrast T1-weighted images as 

compared to the enhancement of vascular structures (aorta or iliac arteries): enhancement 

ratio = signal intensity bowel wall / signal intensity vessel. Stratification pattern on post-

contrast T1-weighted images was assessed as previously described: type A, multilayered 

mural stratification; type B, composed of two layers with strong mucosal enhancement and 

prominent low-intensity submucosa; type C, composed of two layers, one prominent serosal 

enhancement and a layer of low-intensity mucosa; type D, homogeneous enhancement of 

the whole bowel wall6. Mural T2 signal intensity was measured and compared to the signal 

intensity of cerebral spinal fluid: mural signal intensity ratio = mural signal intensity / sig-

nal intensity of cerebral spinal fluid. Stratification on T2-weighted sequences was defined 

as: type A, multilayered mural stratification; type B, mucosal hyperintensity; type C, serosal 

hyperintensity; type D, homogeneous enhancement of the whole bowel wall.

Presence or absence of mucosal ulceration was determined. Overall segmental disease 

activity was judged by the radiologist as no, mild, moderate or severe, based on all MR 

features present though the most important factors were considered enhancement (on post-

contrast T1) and wall thickness (on a T2 or balanced gradient echo series), based on the 

literature regarding which features were most often used for determining disease activity1. 

On a per patient basis, presence of the comb sign, defined as tortuosity and dilatation 

with a prominent comb-like arrangement of the vasa recta in the small-bowel mesentery, and 

presence of creeping fat (or fibrofatty proliferation) were determined. Overall disease activity 

per patient was also subjectively scored as no, mild, moderate or severe, based on the seg-

mental and per patient MR features that were present, including extraluminal complications.

Statistical analysis

Interobserver variability. 

For both per segment and per patient agreements were calculated for each feature (in 

 percentages). For the wall thickness a difference of 1 mm was considered as agreement. 

Kappa statistics were calculated, a linear weight was applied for ordinal values, for wall 

thickness spearman’s correlations was calculated. Values were interpreted as follows: 0.0  no 

agreement, 0.2 weak agreement, 0.5 moderate agreement, 0.8 strong agreement, and 1.0 

perfect agreement. 

MRI features versus AIS score.

On per-segment basis: 

Association between AIS and bowel wall thickness, enhancement ratio and mural intensity 

ratio were analyzed by means of Spearman’s correlation. Association between AIS and all 

other MRI features were assessed by the Chi-2 intraclass correlation. 

In some patients, more than 1 segment was evaluated. We selected the segment with the 

highest AIS score for comparison between MRI features and AIS. Association was tested with 

the Chi-2 intraclass correlation. Statistical analysis was performed by using software SPSS 

(15.0 Statistics UK). A p-value < 0.05 was considered statistical significant.

Results

Population

Twenty-five patients were included in our study. Median interval between MRI and surgery 

was 47 days (range 2-125). MR enterography was performed in 23 patients and two patients 

underwent MR enteroclysis. Our study population constituted 14 women (56%) and 11 men 

(44%); mean age was 38 years (range 13-61 years). Disease chronicity ranged between 0 and 

30 years (mean 9 years).
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Twenty-two patients (88%) used Crohn’s disease-related medication when the MRI and 

surgery were performed. Anti-TNF  antibodies were used by eight patients (32%), corticoste-

roids by 17 patients (68%), thiopurines in 11 patients (44%), aminosalicylates in three pa-

tients (12%) and methotrexate in two patients (8%). 

Indications for surgery were as follows: unresponsiveness to medical therapy in  seven 

patients (28%), suspected small bowel stenosis in 15 patients (60%) and suspected enteric 

fistulas in three patients (12%). Surgery concerned ileocecal resection in 14 patients (56%), 

 neo-ileocoecal resection in eight patients (32%), jejunal resection in one patient (4%), right 

sided colectomy in one patient and subtotal colectomy in one patient. Mean length of 

 resected bowel was 30 cm (range 12 – 79 cm).

In total, 39 bowel segments were scored at histopathology: ileum 23 (59%), coecum and 

ascending colon 14 (36%), transverse colon one (3%) and jejunum one (3%).

MRI sequences

Eight patients were scanned on a 3T scanner (32%), all other 17 patients on a 1.5 Tesla scan-

ner (68%). Sequences that were performed were Single-shot half-Fourier RARE in 17 patients 

(68%), balanced Steady State Free Precession (SSFP) in 21 patients (84%) and Interpolated 3D 

T1-weighted sequences with intravenous contrast in all patients (100%). Quality of all MRI 

examinations was sufficient for grading.

In eight of the 25 cases one of the scoring radiologists already had seen the MR previ-

ously in routine patient care. However, there was a very large time interval (median 579 days 

before the scoring, range 133-2220 days).  

Acute inflammatory score

AIS ranged from 0 to 11 with a median of 5 (see figure 1). The most found item was mild oe-

dema (in 20 segments) and the least found item neutrophil infiltration into the serosa (only 

in 2 segments).

Interobserver variability of MRI-based score for severity Crohn’s disease

All agreement and kappa scores are presented in table 4. Overall interobserver agreement for 

disease activity was highest between observer 1 and 3 (agreement 203/301; 67%). Agreement 

between observer 1 and 2 was similar to the agreement between observer 2 and 3 (191/301 

(63%) versus 186/301 (62%) respectively). Interobserver agreement was weak to moderate 

for most subjective features, although for some there was no agreement (creeping fat be-

tween observer 2 and 3).

MR imaging features

Per segment analysis.

MRI estimates of bowel wall thickness ranged from 2 to 19 mm (median 8 mm). Compari-

son with the AIS score: MRI measured mural thickness was significantly positively corre-

lated with AIS for all observers (observer 1: correlation 0.452, p=0.004; observer 2: r=0.409 

p=0.010; observer 3: r=0.469 p=0.003) (figure 2 and 3). 

Bowel wall enhazncement after intravenous contrast was present in all segments. En-

hancement was not significantly associated with AIS (p>0.05) but had a significant correla-

tion with disease chronicity (r=0.413, p=0.009) (figure 2, 3 and 4). 

Stratification pattern at T1-weighted sequences after enhancement was not associated 

with AIS (p=0.301). Specifically pattern type A (multilayered mural stratification) was not 

associated with the AIS score (p=0.590). In segments with an AIS <3 a stratified pattern 

of enhancement was not seen. T2-weighted images were available in 28 of 39 segments 

(in 18 patients). Measured T2 mural signal intensity was not correlated with AIS. Stratifi-

cation type on T2-weighted was also not associated with AIS (p=0.919). The presence of 

ulcerations were not significantly associated with AIS for all observers (p=0.054, p=0.074, 

p=0.287). Disease activity per segment was significantly associated with AIS for all observ-

ers (p=0.017, p=0.002, p=0.001).  

Per patient analysis.

The presence of the comb sign and presence of creeping fat were not associated with AIS for 

all observers. Disease activity per patient had no correlation with AIS (p=0.778).

Discussion

This study demonstrates that post-contrast bowel wall thickness and subjective disease 

activity assessment positively correlate with histopathological disease activity. The mural 

wall thickness on MRI was significantly positively correlated with the AIS for all observers, 

which is likely due to oedema and inflammation. This was also found by Punwani et al5 who 

compared MRI to histopathology but also in other studies comparing with non-histological 

reference standards7;10-12.
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Earlier studies have shown that enhancement is associated with clinical grade, CDAI 

or clinical assessment with endoscopy, barium examinations and surgery7-9. The study by 

Punwani et al5 was the first to correlate MRI features with histology; however did not find a 

correlation with the AIS as we did in our study. Another study by Zappa et al, did find a cor-

relation with an histological reference standard but used subjective assessment of enhance-

ment13. We did find a weak correlation of enhancement ratio with disease chronicity. This 

was also found by Taylor et al14. The hypothesis behind this is that chronic disease activity 

causes an increased permeability of the affected microvascular surface area and therefore 

increased enhancement.

We did not find an association of AIS with a layered type of enhancement. Three-layered 

enhancement was seen in the study of Punwani et al in patients with high AIS, indicating 

that a stratified appearance of bowel wall reflects disease activity.5 Although we did not find 

that association, in bowel segments with an AIS <3 no stratified appearance was found. This 

could indicate that a layered enhancement pattern is associated with active Crohn’s disease 

in general but not with the severity of disease, as was hypothesised in another study.15

In tissues where oedema or inflammation is present, a high T2 mural signal intensity 

is present. In our study a high T2 signal intensity was not significantly associated with in-

creased AIS. It can be rather difficult to distinguish high bowel wall signal intensity when no 

fat saturation and a positive luminal contrast agent are used, which was the case in our data-

set. The study of Punwani did find a correlation with AIS when using relative measurements 

on fat saturated images which could explain this discrepancy5. Maccioni et al correlated a 

high T2 signal intensity with a high CDAI16.

Depiction of ulcerations can be difficult on MRI because small mucosal lesions can be 

missed due to low special resolution (sensitivity reported to be 56%17). There was a trend 

that the presence of ulcerations seen on MR enterography was associated with the AIS, but 

this was not significant at the preassigned level (p=0.054) and only for observer 1. 

Disease activity per segment was associated with AIS for all observers (p<0.05). The as-

sessment of disease activity is subjective. It is based on multiple features (most heavily on T1 

enhancement and wall thickness) and the radiologist has to combine all MR features to judge 

what the disease activity is for the whole segment. 

The presence of the comb sign was not associated with the AIS. The comb sign indicates 

increased blood flow in the vasa recta, which leads to more perfusion in active disease. This 

could mean that the comb sign merely indicates active disease and does not give an indica-

tion of the severity of the disease. The presence of creeping fat was also not associated with 

higher AIS. This corresponds with the hypothesis that creeping fat is not a marker of how 

severe the disease activity is but of a past episode of active disease.

Most of the subjective features had weak to moderate interobserver agreement. This is 

in accordance with other studies comparing interobserver variability of subjective MRI fea-

tures18,19. Highest correlation was for wall thickness and highest kappa’s for disease activity 

per segment. As these were also the features correlating with AIS, this gives extra weight to 

the importance of these features. Lowest kappa values were there for presence of creeping 

fat and the comb sign, which are very subjective features. The value of MRI features with 

a relative low interobserver variability is questionable. We recommend the use of objective 

measurements when grading to overcome this problem.

Our study does have several limitations. The matching of the MR segments with histo-

pathology slices was performed retrospectively using pathology reports and photographs. 

However, the matching was performed with meticulous precision and in consensus by two 

observers. We compared the MRI measurements with histological sections in the same seg-

ment, which can be used as a representative of the whole diseased area4.

Most patients underwent an (neo)ileocoecal resection were only a two segments were 

scored (ileum and coecum/ascending colon). The difference between ileal and colonic sec-

tions could be seen when the pathologist evaluated the sections and care was taken to evalu-

ate the appropriate segment. No identical scan protocol was used in all patients and there-

fore no comparison of all sequences could be made in all patients. This specifically concerned 

the signal intensity on T2-weighted images, because these were only available in 25 patients. 

All other imaging features could be assessed in all patients. The patients in this study were 

all surgical patients of who can be expected to have more severe disease than patients not 

considered for surgery. To overcome this bias towards more severely diseased patients we in-

cluded all bowel wall sections that were available, to ensure that the whole disease severity 

spectrum (normal - severe disease) was present in our study spectrum.

The time between the MR examination and the MRI ranged from 2 to 125 days. In this 

time frame disease activity could have been altered because of natural course or medication. 

However, since all patients were operated, it is unlikely that the disease activity was mini-

malised in the aforementioned period.

One of the scoring radiologists already had seen the MR previously in routine patient 

care in eight of the 25 cases. However, the radiologists had seen many other examinations 
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during this time interval and the time interval between the scoring and the routine patient 

care was large (mean 837 days before the scoring, range 133-2220 days). All scoring radiolo-

gists knew the patients were surgically treated. As in previous studies with histopathology 

verification this created bias, although the radiologists did not know what kind of operation 

was performed. 

Conclusions

In this retrospective study a positive association existed between wall thickness measured 

and subjective disease activity per-segment at MRI and AIS, indicating that these features 

correlate with disease severity. Interobserver variability was weak to moderate.
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Introduction

Grading of severity of disease activity is important in patients with Crohn’s disease to op-

timally determine the treatment strategy and response to treatment. Because clinical and 

laboratory parameters do not represent disease activity well, other methods are used such 

as ileocolonoscopy and MRI. A meta-analysis established that MRI was 91% accurate in de-

tecting severe disease but only 62% in patients with mild disease or remission1. Efforts are 

therefore made to increase the accuracy of MRI in mild or inactive disease. Mild disease activ-

ity can be detected at colonoscopy as superficial ulcerations of the bowel wall. On standard 

MR enterography sequences their visibility is suboptimal2 and have a weak agreement when 

assessed by multiple observers3.  

Gadolinium is an extracellular contrast agent that rapidly passes from the vasculature 

into the extracellular extravascular space, resulting in parenchymal enhancement. The in-

crease in signal intensity of actively diseased bowel is caused by increased vascular per-

meability of inflammatory tissue, possibly with a positive correlation between mesenteric 

hypervascularity/vascular permeability and disease activity. This hypothesis is supported by 

findings by Brahme and Lindstrom4 who have shown that the degree of vascularity is closely 

related to the intensity of the inflammatory reaction in surgical specimens of Crohn’s dis-

ease. This finding is important as analysis of the time-dependent changes of signal intensity 

after administration of contrast medium by DCE-MRI reflects the status of tissue microcir-

culation and this may add valuable information about disease severity, such as the presence 

of mild ulcerative disease. Earlier studies on contrast enhancement of luminal Crohn’s dis-

ease have either determined enhancement ratios of pathological bowel wall versus normal 

bowel wall5, 6 or subjectively determined the degree of enhancement (e.g. mild, moderate or 

marked enhancement)7. 

Previous DCE-MRI studies have mainly focused on the presence of active versus inactive 

disease8-11 or used a reference standard based on clinical symptoms6. However, with these 

methods no differentiation is possible between the different disease activity stages neces-

sary for management.

The purpose of this prospective study was to evaluate objective DCE-MRI parameters for 

the evaluation of disease severity in patients with luminal Crohn’s disease, with an emphasis 

on mild ulcerative disease. 

Abstract

Objectives:

To prospectively assess DCE-MRI as compared to conventional sequences in patients with 

luminal Crohn’s disease. 

Methods:

Patients with Crohn’s disease undergoing MRI and ileocolonoscopy within one month had 

DCE-MRI (3T) during intravenous contrast injection of gadobutrol, single shot fast spin echo 

sequence and 3D T1-weighted spoiled gradient echo sequence, a dynamic coronal 3D T1-

weighted fast spoiled gradient were performed before and after gadobutrol. Maximum en-

hancement and initial slope of increase were calculated for four colon segments (ascending 

colon + coecum, transverse colon, descending colon + sigmoid, rectum) and (neo)terminal 

ileum. CRP, CDAI, per patient and per segment CDEIS and disease duration were determined. 

Mean values of the (DCE-)MRI parameters in each segment from each patient were compared 

between four disease activity groups (normal mucosa, non-ulcerative lesions, mild ulcerative 

and severe ulcerative disease) with Mann-Whitney test with Bonferroni adjustment. Spear-

man correlation coefficients were calculated for continuous variables.

Results:

Thirty-three patients were included (mean age 37 years; 23 females, median CDEIS 4.4). Maxi-

mum enhancement and initial slope of increase correlated weakly with segmental CDEIS 

(r=0.485 and r=0.206) and maximum enhancement per patient correlated moderately with 

CDEIS (r=0.551). Maximum enhancement was significantly higher in segments with mild 

(0.378) or severe (0.388) ulcerative disease compared to normal mucosa (0.304) (p<0.001). No 

ulcerations were identified at conventional sequences. Maximum enhancement correlated 

with disease duration in diseased segments (r=0.492), not with CDAI and CRP. 

Conclusions:

DCE-MRI can be used as a method for detecting Crohn’s disease ulcerative lesions
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antecubital vein by bolus injection (5 ml/s) using an automated injection pump (Mallinckrodt 

Optistar, Liebel-Flarsheim, Cincinnati, Ohio, USA). Injection of contrast medium was imme-

diately followed by a bolus of 15 or 20 ml saline (5 ml/s), depending on the length of the 

contrast injection tube. After completion of the dynamic sequence a coronal 3D T1-weighted 

SPGE (scan parameters identical to pre-contrast 3D T1-weighted SPGE) and an axial 3D T1-

weighted SPGE with fat saturation were acquired. 

Table 1. Scan parameters at 3T

Sequences SSFSE SSFSE 3D T1-w 
SPGE

DCE- 
sequence

3D T1-w 
SPGE

Direction Axial and 

coronal

Coronal Coronal Coronal Axial

Fat saturation No Yes Yes No Yes

TR (ms) 516-758 1370-1450 1.87-2.19 2.9 1.87-2.19

TE (ms) 65-118 70 1.0 1.8 1.0

Flip angle 

 (degrees)

90 90 10 6 10

Slice thickness/

gap (mm)

4/1 7/1 - - -

Slices 40 45 100 450 180

FOV (mm) 400x400 375x300 400x400x200 400x400x35 400x400x140

Matrix 256 256 288 288 192 192 100 144 144 14 208 208 70

SENSE factor 2.5 2 1.5 2 2

Gating and registration

To reduce motion effects in the data, a gating and registration procedure was applied (see 

appendix I).

Materials and methods

Ethical permission was obtained by the hospitals medical ethics committee and written in-

formed consent was obtained from all patients. 

Forty consecutive patients with known Crohn’s disease who were scheduled for ileoco-

lonoscopy and MR enterography within one month for assessment of disease activity were 

prospectively included from February 2009 to November 2010. Exclusion criteria were age 

<18 years and contraindications for undergoing MR imaging (such as pacemakers, metallic 

implants etc). 

MR imaging protocol

Patients fasted four hours before the exam and drank 1600 ml of Mannitol (2.5%) (Baxter, 

Utrecht, the Netherlands) one hour before the scan. Images were acquired with patients in 

supine position using a 3-T MR imaging unit (Intera, Philips Healthcare, Best, the Nether-

lands) with a 16-channel torso phased array body coil. The protocol consisted of axial and 

coronal single shot fast spin echo (SSFSE) sequences followed by a coronal fat-saturated SS-

FSE sequence and coronal 3D T1-weighted spoiled gradient echo sequence (SPGE) (table 1). 

A dynamic coronal 3D T1-weighted fast spoiled gradient echo (FFE) sequence (DCE-MRI se-

quence) was performed, consisting of 450 consecutive scans with a temporal resolution of 

0.82 seconds with a spatial resolution of 2.78x2.78x2.5mm (FOV: 400x400x 35mm) for a total 

duration of 6 minutes and 11 seconds. The sequence was performed in free-breathing; pa-

tients were instructed to breathe regular in a slow frequency. The 3D DCE-MRI sequence was 

configured with a Cartesian acquisition mode in k-space, the profile order was set to low-

high, a radial turbo direction was used, and in the z-direction the resolution was doubled 

during reconstruction. The temporal resolution was chosen as high as possible, since we 

wanted to correct retrospectively for respiratory motion. Therefore, we used interpolation in 

the z-direction together with a radial readout method. The dynamic volume was placed on 

the location of visibly inflamed bowel (on SSFSE images) or when absent the terminal ileum. 

When multiple segments were inflamed, the sequence was angulated so all visible inflamed 

segments were in the FOV. Colonoscopy results were not taken into account when plac-

ing the DCE-MRI slice. Twenty milligram butylscopalaminebromide (Buscopan, Boehringer, 

Ingelheim, Germany) was given immediately before the DCE-MRI sequence and before the 

post-contrast 3D T1-weighted spoiled gradient echo sequences. Ten seconds after the start 

of the dynamic sequence 0.1 ml/kg bodyweight of gadobutrol (Gadovist 1.0 mmol/ml, Bayer 

Schering Pharma, Berlin, Germany) was injected through a 20 GA intravenous catheter in the 
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inflamed bowel wall with also a fibrous component. The presence of a stratification pattern 

was scored as layered yes or no. 

The bowel wall enhancement was first subjectively assessed as no, mild, moderate or 

severe pathological enhancement compared to a 3D T1-weighted spoiled gradient echo pre-

contrast sequence. Then, a ROI was drawn in the most severely enhanced part of the seg-

ment and on the same site on the pre-contrast series. The enhancement ratio was calculated 

(signal intensity post-contrast/pre-contrast x100%). The enhancement pattern was subjec-

tively assessed as layered yes or no.  

The presence of ulcerations on any of the sequences was evaluated. 

On a per patient basis, the presence of the comb sign (increased mesenteric vascular-

ity), creeping fat (fibrofatty proliferation around the bowel wall), infiltrate, fistula, abscess 

and stenosis (lumen reduction of >50%) were assessed. The diameter of the largest intra-

abdominal lymph node was measured (short axis) and subjective enhancement (pathologi-

cal enhancement yes/no) was assessed. The lymph node enhancement ratio was calculated 

(signal intensity post-contrast/pre-contrast x100%). 

Reference standards

All patients underwent the hospital’s standard preparation for ileocolonoscopy. Patients 

ingested either 4L of polyethylene glycol electrolyte solution (KleanPrep; Norgine, Amster-

dam, The Netherlands) or 2 L Moviprep (Norgine, Amsterdam, the Netherlands) combined 

with two L tap water for bowel cleansing on the evening before and/or the day of the endos-

copy. The ileocolonoscopy was performed with a standard colonoscope (Olympus CF-Q160AL 

or CF-Q180AL, Olympus Medical Systems Europe, Hamburg, Germany) by either a gastroen-

terologist or a senior resident in gastroenterology under direct supervision of a gastroenter-

ologist. The performing endoscopist was aware of the patient history, but blinded for the 

MRI results. 

The CDEIS was determined by one of two gastroenterologists experienced in endoscopy 

in inflammatory bowel disease (during the ileocolonoscopy or on DVD)16. CDEIS includes 

several parameters: superficial ulcerations, deep ulcerations and the relative length of bowel 

affected by these ulcerations or disease activity in general (this also could be oedema or 

erythema). These parameters were used to assess disease severity in four categories: normal 

mucosa, non-ulcerative lesions, superficial ulcerations (mild ulcerative disease), deep ulcer-

ations (severe ulcerative disease). These different severities were compared to (DCE-) MRI 

parameters. A segmental CDEIS was calculated using only the scores of that segment. Scor-

ing a segmental CDEIS was performed to enable more accurate matching between MRI and 

Region of interest (ROI)

The small bowel and the colon were divided into five segments: terminal ileum, coecum and 

ascending colon, transverse colon, and descending colon and sigmoid in concordance with 

the CDEIS, so there could be a direct segment comparison between MRI and CDEIS. ROIs 

were drawn with ITK-SNAP13 on the DCE-sequence by a research fellow on all available slices 

where the segment was visible. The ROI included the whole available segment (bowel wall 

and intraluminal contrast). The rectum was not in the FOV in all patients. 

Analysis of DCE-MRI

We analyzed the DCE-MRI data in a semi-quantitative fashion. The first 300 DCE volumes 

(= 246 seconds) were used for analysis, since peristalsis resumed after this period. In each 

ROI we calculated the relative maximum enhancement, the initial slope of increase (figure 1) 

and the shape of the TIC on a pixel-by-pixel basis. Seven different curve shapes (six defined 

and one undefined shape), automatically classified according to the scheme described by 

Lavini et al.14, were each assigned a unique colour (figure 2). The pixel-by-pixel TIC classifica-

tion was then rendered in a colour-coded map, providing a high resolution description of the 

curve shapes in the whole area of interest. We calculated the total number of pixels classified 

for each of the seven curve shapes, and the relative occurrence of each of these (number of 

pixels per shape/total number of pixels in the ROI). Average values of other semi-quantitative 

parameters (maximum enhancement, initial slope of increase) were then calculated across 

the ROI. These calculations were performed with home-written software15. 

Subjective image analysis

Per segment the following features were assessed in consensus by two experienced abdomi-

nal radiologists with respectively 17 years (450 MRI small bowel) and 16 years, (1070 MR 

small bowel) experience. Quality of distension and visibility of the bowel wall was assessed 

in three categories (insufficient, sufficient, optimal). Wall thickness was measured on the 

SSFSE sequence using callipers. Mural signal intensity on SSFSE images was first subjectively 

assessed compared to cerebral spinal fluid (CSF) signal intensity as no, mild, moderate, or 

severe high signal intensity (severe high signal intensity when the bowel wall have a sig-

nal intensity similar as CSF). Although increased signal intensity of oedematous bowel wall 

never increases to the signal intensity of CSF, this is the best parameter to compare because 

of its high water content. The signal intensity was then measured with a ROI in the bowel 

wall and a ROI in the CSF; the signal intensity ratio was calculated (mural T2 signal intensity/ 

CSF signal intensity x100%). A stratified pattern on SSFSE images is thought to be present in 
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segments could be evaluated. It was always possible to include all visible inflamed bowel 

segments in the DCE-ROI. All data except initial slope of increase, enhancement ratio and T2 

signal intensity ratio were not normally distributed. 

The median time between colonoscopy and MRI was 8 days (IQR 6-16). MRI and colo-

noscopy was not performed one the same day. Median CDEIS was 4.4 (IQR 1.6-6.9). Median 

segmental CDEIS was 0 (IQR 4.5). Median CDAI was 141 (IQR 81-226). Median CRP was 6 (IQR 

1-22), median disease duration 10 years (6-14).

Analysis of conventional MRI data

Per segment data

Wall thickness was weakly correlated with segmental CDEIS (r=0.418, p<0.001) (table 2, 

figure 3). The subjective assessment of T2 signal intensity was significantly associated with 

segmental CDEIS (p<0.001), but the T2 signal intensity ratio was not correlated. Patients 

with a layered pattern on SSFSE images had a higher segmental CDEIS (median 4 versus 0, 

p=0.014) (table 3).

Table 2: Correlations between conventional MRI images and reference parameters (CDEIS). NS=not 

significant. Categorical variables with linear by linear association, continuous variables with 

spearman correlation.

Total number of 
 segments analysed 

Correlation/Association 
segmental CDEIS

Wall thicknessa 137 r=0.418, p<0.001

Mural signal intensity 

SSFSE subjectivea

134 p<0.001

Mural signal intensity 

SSFSE ratioa

134 r=0.557, p<0.557

Subjective bowel wall 

 enhancementa 

134 p<0.001

Enhancement ratioa 123 r=0.103, p=0.257 

Maximum enhancementb 99 r=0.485, p<0.001

Initial slope of increaseb 99 r=0.206, p=0.041
abased on segments were CDEIS and MRI parameter was available.
bbased on segments that were included in DCE volume.

endoscopy per segment. All segments that could be evaluated with ileocolonoscopy were 

included in the analysis. In patients where the terminal ileum could not be intubated, only 

the colonic segments were evaluated. 

The CDAI and CRP were assessed in all patients as secondary reference standards17. 

Statistical analysis

Normality of all data was tested by using normal plots. For data not normally distributed, 

medians with interquartile ranges were determined for descriptive values. Spearman cor-

relation coefficients were calculated for continuous variables. Correlation coefficient values 

were interpreted as follows: 0.0 not correlated; 0.2 weakly correlated; 0.5 moderately corre-

lated; 0.8 strongly correlated; 1.0 perfectly correlated. For comparisons between groups the 

Mann-Whitney test with Bonferroni adjustment for multiple testing was used. Association 

between ordinal subjective parameters and CDEIS were assessed by the Chi-2 intraclass cor-

relation. For comparison of non ulcerative lesions we excluded the segments that contained 

superficial or deep ulcerations as well, as they are not separately scored in the CDEIS. When 

comparing disease duration, with DCE-data only the segment with the highest maximum 

enhancement and initial slope of increase was used. To minimize clustering effect we used 

non parametric testing and give median values.  

Statistical analysis was performed by using software PASW statistics 18 (Chicago, IL, 

USA). A p-value < 0.05 was considered statistical significant, p<0.008 for multiple testing 

between the four groups.

Results

Forty patients were initially included in our study. Seven patients had to be excluded because 

of an incomplete reference standard (three patients), technical failure of dynamic sequence/

MRI (two patients) and negative for Crohn’s disease (two patients, diagnosis was changed 

to negative for IBD and ulcerative colitis based on colonoscopy and pathology results). Thus, 

33 patients (mean age 37 years, range 19-72; 23 females) with histologically proven Crohn’s 

disease were evaluated. No vasodilating drugs were used by these patients. Twenty-five pa-

tients (76%) were on Crohn’s disease maintenance therapy. Two patients used methotrexate 

(6%), three 5-ASA (9%), 13 purine-antagonists (39%), six steroids (18%) and 10 anti-Tumour 

Necrosis Factor (30%). Sixteen patients (49%) previously underwent an ileocecal resection. 

Twenty segments (12%) were of insufficient quality due to suboptimal distension and/or sub-

optimal contrast between lumen and bowel wall) to be used for grading. In total 144 (89%) 
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Table 4: MRI parameters for the different disease severity groups assessed at ileocolonoscopy. 

NS=not significant. Values are means with IQR.

Normal 
mucosa
N=112

Non 
ulcerative 

lesions
N=12

Mild 
ulcerative 

disease
N=22

Severe 
ulcerative 

disease
N=11

P value

Wall thickness 

(mm)

2 (2-3) 3 (2-3) 6.5 (2-8) 5.4 (2-9) p<0.001a

Mural signal 

intensity SSFSE 

ratio

33 (24-43) 36 (27-40) 38 (31-46) 32 (22-38) NS

Enhancement 

ratio

148

(120-175)

163

(130-192)

164

(110-230)

144

(91-193)

NS

Maximum en-

hancement

0.304

(0.279-

0.332)

0.338

(0.295-

0.338)

0.378

(0.323-

0.504)

0.388

(0.339-

0.500)

p<0.001b

Initial slope of 

increase

27.7

(22.5-33.8)

25.0

(20.4-33.3)

31.7

(24.1-36.7)

39.5

(27.1-46.0)

NS

anormal mucosa versus mild disease group 
bnormal mucosa versus mild ulcerative disease and normal mucosa versus severe ulcerative 
disease.

Per patient data

The comb sign was present in 15 patients (46%), creeping fat in 10 patients (30%) and en-

hancing lymph nodes in 21 patients (64%). Six patients had an infiltrate (18%), 21 a stenosis 

(64%), two an intra-abdominal fistula (6%) and one an abscess (3%). In patients with a comb 

sign, with a stenosis or where enhancing lymph nodes were present, CDEIS was significantly 

higher (p=0.012, p=0.004 and p=0.003, respectively) (table 3). No differences in CDEIS were 

found between patients with/without the presence of creeping fat, fistulas, infiltrate or ab-

scess. Short axis diameter of the largest lymph node did not correlate with CDEIS and CDAI, 

but with CRP (r=0.533, p=0.002). Pathological lymph node enhancement ratio did not cor-

relate with CDEIS, CDAI and CRP.

Table 3. Median values with interquartile ranges for CDEIS, CDEIS per segment. NS= not significant.

MRI feature Present Absent P value

CDEIS Comb sign 4.8 (4.2-9.0) 1.7 (0.0-5.3) 0.012

Creeping fat 6.1 (4.2-11.1) 4.0 (1.4-5.8) 0.123

Enhancing lymph 

nodes

5.2 (3.6-10.0) 1.6 (0.0-4.0) 0.003

Fistula 4.3 (3.0-4.3) 4.4 (1.6-7.4) 0.970

Infiltrate 4.6 (3.4-7.1) 4.2 (1.6-7.4) 0.454

Abscess 5.6 (5.6-5.6) 4.3 (1.6-7.2) 0.528

Stenosis 4.8 (3.9-8.3) 1.6 (0.0-3.25) 0.004

CDEIS per segment SSFSE stratification 24 (0-26) 0 (0-4) 0.004

Stratified enhancement 

pattern

1 (0-24) 0 (0-6) 0.114

Subjective enhancement was significantly associated with segmental CDEIS (p<0.001). 

The enhancement ratio was not correlated with segmental CDEIS. Patients with layered en-

hancement (12 patients) did not have a significantly higher segmental CDEIS (median 0 ver-

sus 1, p=0.093). No ulcerations could be detected on the conventional sequences. Between 

the four disease severity groups T2 SI ratio and T1 enhancement ratio did not differ (table 4 

and figure 4).  
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or absence of disease8, 10, 11. We used a pixel by pixel analysis within the ROI to calculate 

the DCE-MRI parameters for every individual pixel within the ROI instead of one maximum 

enhancement and initial slope of increase for the whole ROI. This way variation in DCE-MRI 

parameters can be seen across the whole ROI instead of one specific point per segment9. 

An advantage of 3T MRI compared to lower field strengths is the relatively higher tem-

poral resolution that can be achieved with higher field strength, which gives a curve based 

on more time points. In our study the temporal resolution was 0.82 seconds. Most other 

DCE-MRI studies have a relative lower temporal resolution of 3-12 seconds8, 18 or even larger 

than 15 seconds10, 11. A high temporal resolution enables a detailed analysis of the contrast 

uptake. In addition, free breathing motion artefacts were minimal during our short dynamic 

scan time. 

 Several studies found a higher maximum enhancement in patients with active Crohn’s 

disease6, 9-11, although no correlation was found with a pathology-based reference standard18. 

We found a moderate correlation with segmental CDEIS and a higher maximum enhance-

ment in patients with mild ulcerative and severe ulcerative disease (figure 6), corresponding 

with the hypothesis that diseased segments have a larger contrast uptake. The ulcerations 

detected at ileocolonoscopy could not be seen on the conventional series, but were detected 

with DCE-MRI, which is a relevant finding given the present limitations in correctly iden-

tifying mild ulcerative disease1, 19. Low sensitivity for detecting ulcerations can be due to 

low spatial resolution2. Although median maximum enhancement was higher in segments 

with non ulcerative lesions as compared to normal mucosa, this was not a significant differ-

ence. Conceivably further improvements in DCE MRI protocols can in the future expand this 

 technique. 

In comparing the four disease activity groups, there was no significance difference be-

tween groups although we observed a trend that initial slope of increase was higher in seg-

ments with worse disease severity (figure 3). Also, segmental CDEIS was weakly correlated 

with initial slope of increase. In this case we might speculate that an increased permeability 

might be responsible for this. 

 We found a positive correlation of maximum enhancement with disease duration in 

diseased segments. This was earlier demonstrated in another study18. Our hypothesis is that 

during longstanding disease and multiple exacerbations the extravascular space of the bow-

el increases which gives rise to increased enhancement. Another possibility could be that the 

vascular space is increased due to neo-angiogenesis. Our data do not support the hypothesis 

Analysis of DCE-MRI 

Per segment data

Median maximum enhancement was 0.337 (range 0.223 – 0.875). Median initial slope of in-

crease was 27.5 (range 8.4-57.1). maximum enhancement correlated weakly with segmental 

CDEIS (r=0.485, p<0.001) (figure 3), initial slope of increase correlated weakly with seg-

mental CDEIS (r=0.206, p=0.041). Maximum enhancement differed significantly between 

the four severity groups (p<0.001); maximum enhancement was significantly higher in the 

mild ulcerative disease and severe ulcerative disease groups compared to the normal mucosa 

group (both p<0.001) (table 4 and figure 4). In addition, wall thickness was larger in the mild 

ulcerative disease group than the normal mucosa group (p<0.001) (figure 4). Initial slope 

of increase did not differ significantly between groups, but there was a trend towards an 

increase in initial slope of increase when disease severity was higher (figure 4). In diseased 

segments (CDEIS>0) disease duration correlated with maximum enhancement (r=0.492, 

p=0.002). No correlations were found between TIC curve types and segmental CDEIS. Rela-

tive pixel counts were not significantly different in segments with or without ulcerations.

Per patient data

Median maximum enhancement was 0.334 (range 0.28-0.45). Median initial slope of increase 

was 29.6 (range 8.7-42.5). Maximum enhancement was moderately correlated with total 

CDEIS (r=0.551, p=0.001), but not with CDAI and CRP. Initial slope of increase correlated not 

with any of the per patient indices. 

Discussion

Our results suggest that DCE-MRI can be used for grading Crohn’s disease activity. Maximum 

enhancement was significantly higher in the mild ulcerative and severe ulcerative disease 

groups compared to the normal mucosa group indicating a higher perfusion in inflamed seg-

ments. In addition, a moderate correlation was found between maximum enhancement and 

CDEIS, both on a per patient and on a per segment basis signifying that maximum enhance-

ment can be used to assess disease activity in Crohn’s disease patients.  

Our study had several strengths: we compared the CDEIS per segment with DCE-MRI 

data which is more comparable than per patient indices. In addition, our study comprises 

the whole disease activity spectrum, with emphasis on mild ulcerative disease activity (su-

perficial ulcerations) (figure 5), in contrast to other studies that only compare the presence 
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of spatial resolution. However, in our opinion, the spatial resolution of 2.78x2.78x2.5mm was 

sufficient for a ROI-based analysis. In addition, our free-breathing abdominal data required 

non-rigid registration of the dynamic volumes. We empirically observed a residual misalign-

ment of 1 to 2 voxels which we considered sufficiently low to justify an ROI-analysis. A purely 

voxel-based approach requires more research on accurate registration of DCE-MRI data. 

Because of technical limitations, the FOV of the DCE volume was limited to 400x400x 

35mm. When placing the ROI our aim was to include all segments as a whole, but the rectum 

could not be included in the FOV in all patients, because of its posterior position. In addition, 

in some segments, parts were outside the FOV, so could not be included in the DCE-analysis.

When performing a per segment analysis (with multiple segments per patient), a cluster-

ing effect could create a bias and this effect can be adjusted if results are presented as either 

proportion (for binomial data) or means (for normal distributed data). We collected continu-

ous data, but these were not normally distributed and therefore we used nonparametric test-

ing, resulting in median values instead of means.

We did not perform a quantitative DCE-MRI analysis, as had been done in other stud-

ies8,18. A quantitative analysis requires an adequate model, which is very much dependent on 

several unknown or chosen parameters such as the arterial input function, T1 of blood and 

bowel tissue.  In further research, we aim to accurately determine these parameters. 

Conclusions

DCE-MRI can be used as a method for detecting Crohn’s disease lesions, including mild ulcer-

ative disease (superficial ulcerations), that are often missed on conventional MRI sequences.

Role of the Funding Source 

A research grant was given by Nuts Ohra foundation. Nuts Ohra foundation was not involved 

in designing or conducting the study, did not have data access and was not involved in data 

analysis or preparation of the manuscript.

Appendix 1: GATING AND REGISTRATION

We performed retrospective gating on one phase out of the respiratory cycle on the DCE-MRI 

sequence to remove the discontinuities between tissue layers that are present in bowel data 

sets due to breathing. We computed the L2-norm (or Sum of Squared Differences) of all dy-

namics to the center dynamic, which shows oscillatory behaviour, and selected local minima 

that patients with longstanding disease have increased permeability as initial slope of in-

crease was not increased in those patients with longstanding disease. An increased perme-

ability results in easier and faster extravasation of the contrast agent into the extravascular 

space, resulting in a quicker signal enhancement. Further studies need to be performed on 

the relation between contrast enhancement, acute and chronic inflammation as both disease 

duration and active current inflammation seem to play a part.  

 For the conventional MRI parameters correlations were found for wall thickness, con-

firming that this is a parameter can be used for assessing disease activity as previously re-

ported20, although the data is somewhat skewed because of many segments with no disease 

activity (figure 3). Wall thickness increases not linearly with increased disease activity. An 

explanation could be that this might be due to a fibrous component within the bowel wall 

after previous inflammation that limits thickening of the bowel wall. This could also be the 

explanation for the fact that in our cohort wall thickness was smaller (though not signifi-

cant) in segments with severe disease activity. Only the subjective assessment of mural T2 

signal intensity and enhancement was significantly associated with segmental CDEIS. ROI 

based measurements did not correlate, thus no advantage was shown for the use of ROI 

based measurements over the subjective assessment by the radiologist when evaluating 

conventional MRI sequences. In addition, ROI based measurements have a known poor in-

terobserver agreement21, which can lead to poor reproducible results.

Our study had some limitations. No optimal reference standard is available in Crohn’s 

disease. We chose to adopt CDEIS, which is a colonoscopy based scoring system that grades 

disease activity. Only intraluminal lesions can be assessed with colonoscopy. Other possible 

reference standards have different disadvantages: biopsies do not cover the whole segment 

and surgical resection specimens are more difficult to obtain as most patients receive medi-

cal treatment first and often concern more refractory, fibrotic disease. Nevertheless, in the 

absence of more reliable reference standards colonoscopy is the most favourable.  

Another limitation that arose from the study protocol is the delayed timing of the con-

ventional post contrast sequences. The duration of the DCE-MRI sequence was six minutes, 

the 3D T1-weighted spoiled gradient echo sequence was performed thereafter. Because of 

this delay in one patient the sequence could not be evaluated as already renal outwash 

was seen, indicating a too late evaluation of bowel enhancement at the conventional T1-w 

 sequences.  

To perform the DCE-sequence with a high temporal resolution (0.82s) was at the expense 
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Introduction

IBD comprises two major disorders: ulcerative colitis and Crohn’s disease. These disorders 

have distinct pathologic and clinical characteristics. Patients with colonic disease who can-

not be classified into one of these two major forms of IBD are classified as having indeter-

minate colitis. In paediatric series, the prevalence of indeterminate colitis ranges from 5% 

to 30%1.

In children suspected of IBD, it is important to establish the correct diagnosis because 

there is a difference in treatment strategies of Crohn’s disease and ulcerative colitis. This is 

done by a diagnostic work-up comprising clinical history, physical examination, laboratory 

studies, endoscopic findings, histological interpretation of mucosal biopsy specimens and 

imaging studies. Current guidelines recommend upper and lower tract endoscopy and small 

bowel MRI1,2. In most countries, upper and lower endoscopies in children are performed 

under general anaesthesia. Patients are admitted to the hospital for colonic preparation one 

day before the procedure. Many children do not accept the flavour of the polyethylene glycol 

electrolyte solution, for which a nasogastric tube is used instead. Imaging techniques are 

less burdensome and can potentially replace endoscopies. 

Abdominal ultrasound is used for diagnosing IBD, with a sensitivity ranging from 48% 

to 88% and a specificity of 93% for the paediatric population3–5. Lower sensitivity is due to 

missed cases when they only have mild disease activity such as erythema of the bowel wall3. 

As ultrasound is a non-invasive technique, it is well tolerated by children. Drawback is that 

deeper situated structures and some anatomic locations such as the upper gastrointestinal 

tract are more difficult to assess with ultrasound. 

MRI is increasingly used for diagnosis and assessing disease activity of the small bowel 

in children with Crohn’s disease6. Sensitivity in paediatric patients for detecting IBD ranges 

from 61 to 92% and specificity from 60 to 92%5,7,8. DCE-MRI is a new MRI method that may 

further increase the accuracy. DCE-MRI measures the changes in MRI signal intensity during 

the injection of intravenous contrast. This contrast medium passes from the vasculature into 

the extracellular extravascular space and in that way produces parenchymal enhancement. 

In inflammatory tissue a marked increase in signal intensity of actively diseased bowel can 

be seen due to increased vascular permeability9–11 and this could possibly be helpful in the 

diagnosis of IBD. 

Abstract

Background: 

Endoscopy is currently used as primary technique to diagnose IBD in children; its major 

limitation is the associated burden. The purpose of this study was to assess the accuracy of 

ultrasound and (DCE-)MRI for diagnosing IBD and for distinguishing between Crohn’s disease 

and ulcerative colitis.

Methods: 

Consecutive consenting paediatric patients with suspected IBD were included. All patients 

underwent diagnostic work-up including ileocolonoscopy and upper gastrointestinal endos-

copy under general anaesthesia, abdominal ultrasound and MR entero- and colonography 

at 3T. The protocol included a dynamic contrast enhanced 3D sequence. DCE-MRI parameter 

maximum enhancement was calculated. Sensitivity and specificity were calculated for one 

ultrasonographer and two MRI observers.

Results: 

28 paediatric patients were included (15 males, mean age 14, 10 -17 years). Diagnosis was 

Crohn’s disease in 12 patients (43%), ulcerative colitis in 10 patients (38%), indeterminate 

colitis in one (4%) and five patients did not have IBD (18%). To diagnose IBD, sensitivity and 

specificity were  55% and 100% for ultrasound, and 57% and 75-100% for MR entero- and 

colonography, respectively. Combined MRI and ultrasound had a sensitivity of 70-74% and a 

specificity of 80-100%. With the addition of a DCE-sequence sensitivity increased to 83-87%, 

specificity 80-100%. Ultrasound and MRI could only distinguish between Crohn’s disease and 

ulcerative colitis when terminal ileum lesions were found.

Conclusions: 

Ultrasound and MRI can be used to diagnose IBD in a paediatric population but cannot be 

used to exclude IBD or to differentiate between Crohn’s disease and ulcerative colitis. 
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MR entero- and colonography examination

All MR entero- and colonography examinations were scheduled within five weeks of the 

endoscopy. Three hours before the MR entero- and colonography patients ingested 400 ml 

sorbitol (6-9%, concentration depending on age) followed by 400 ml sorbitol 3.5% one hour 

before the MRI (small bowel preparation). The two volumes of oral contrast were given to 

ensure both small bowel and large bowel distension. During this period no ingestion of food 

or other fluids was allowed, with the exception of additional water. 

MR entero- and colonography was performed on a 3.0-T MRI scanner (Intera, Philips 

Healthcare, Best, the Netherlands) using a 16-channel torso phased-array surface coil. T2-

weighted single shot fast spin echo (T2 SSFSE), diffusion weighted (DWI) sequence and dy-

namic coronal 3D T1-weighted fast SPE (Spoiled gradient echo) sequence images of the small 

and large bowel were acquired. The dynamic 3D T1-weighted fast SPE sequence consisted 

of 450 consecutive scans with a temporal resolution of 0.82 seconds. The dynamic volume 

was placed on the location of visibly inflamed bowel (on SSFSE images) or when absent, the 

terminal ileum.

Ten seconds after the start of the dynamic sequence 0.1 ml/kg bodyweight of gadobu-

trol (Gadovist, Bayer Schering Pharma, Berlin, Germany) was injected through a intravenous 

cannula in the antecubital vein by bolus injection (1-5 ml/s, depending on diameter of the 

intravenous cannula) using an automated injection pump (Mallinckrodt Optistar, Liebel-

Flarsheim, Cincinnati, Ohio, USA). Injection of contrast medium was immediately followed 

by a bolus of 15 or 20 ml saline, depending on the length of the contrast injection tube. After 

completion of the dynamic sequence coronal and axial post-contrast 3D T1-weighted SPE im-

ages were acquired. All scan parameters are given in table 1.  

Two doses of ten milligram butylscopalaminebromide (Buscopan, Boehringer, Ingelheim, 

Germany) were given intravenously, immediately before the DCE-MRI sequence and before 

the post-contrast 3D T1-weighted SPE sequences.

DCE-MRI image analysis

DCE-MRI registers changes in signal intensity over time during the administration of intra-

venous contrast medium. To calculate the difference in signal intensity, ROIs were drawn 

with ITK-SNAP15 on the DCE-sequence by a research fellow on all available slices where the 

segment was visible. Within the ROIs, lumen and air were subsequently segmented based 

on isodata thresholding. We performed retrospective gating and registration on the DCE 

The purpose of our study was to assess the accuracy of abdominal ultrasound and MR en-

tero- and colonography for the diagnosis of IBD in comparison to upper and lower tract en-

doscopy in children. Our second aim was to determine if (DCE-)MR entero- and colonography 

and abdominal ultrasound can differentiate between Crohn’s disease and ulcerative colitis. 

Materials and Methods

Thirty consecutive paediatric patients with suspected IBD were prospectively included in 

this study from August 2010 to April 2011. They were all scheduled for upper gastrointes-

tinal tract (UGT) endoscopy, ileocolonoscopy, abdominal ultrasound and MR entero- and 

colono graphy. Exclusion criteria were age <8 and ≥18 years and general contraindications 

for  undergoing MR imaging (such as metallic implants and claustrophobia). The paediat-

ric  ulcerative colitis activity index (PUCAI)12 and paediatric Crohn’s disease activity index 

 (PCDAI)13 were determined for all patients at inclusion.

Reference standard

The reference standard procedure consisted of endoscopic findings and histopathological 

interpretation. The diagnosis based on UGT endoscopy, ileocolonoscopy and histopathology 

results was established by two paediatric gastroenterologists in consensus. Endoscopy was 

performed under general anaesthesia by an expert paediatric endoscopist. The colon was 

adequately cleansed before endoscopy with Klean-prep (PEG 3350 solution), the amount de-

pending on patient’s weight. Endoscopy was performed using a standard gastro- and colono-

scope (Olympus Medical Systems Europe, Hamburg, Germany).  In the lower gastrointestinal 

tract the presence of mild lesions (erythema, friability, exudate, granularity, loss of vascular 

pattern, aphtae) and severe lesions (ulcerations and cobblestoning) were noted per segment 

(terminal ileum, coecum and ascending colon, transverse colon, descending colon and sig-

moid, and rectum). In addition, tissue sampling was performed in all segments at every 10 

cm. In the upper tract biopsies were taken from duodenum, stomach (antrum and corpus) 

and oesophagus. If suspect lesions were present, then these were biopsied; otherwise, ran-

dom tissue sampling was performed. An endoscopic diagnosis was given by the endoscopist 

(Crohn’s disease, ulcerative colitis, indeterminate colitis or no IBD).

Histopathology assessment of the terminal ileum and colon was performed according 

to the modified version of the D’Haens scoring system.14 A score for the terminal ileum was 

calculated as well as a mean and highest score for the colon.
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Abdominal ultrasound

Bowel wall ultrasound examinations were performed by observer 2 or one other paediatric 

radiologist on the same day as MR entero- and colonography using a Philips IU22 ultrasound 

unit (Philips Healthcare, Best, the Netherlands) with a linear probe with band frequency 

of 25-38 Hz and Doppler equipment. Per segment (same as with MRI) the following fea-

tures were assessed: wall thickness (a thickness >3 mm was considered abnormal), layered 

appearance of the bowel wall and the presence of abdominal lymphadenopathy. Doppler 

measurements (the peak systolic velocity, mean diastolic velocity, end-diastolic velocity and 

resistance index) of the superior and inferior mesenteric arteries were performed. A diagno-

sis was given based on the presence of all features. Continuous lesions from the rectum to 

proximal were indicative of ulcerative colitis; skip lesions and transmural inflammation were 

indicative of Crohn’s disease. As in MRI, the localization of lesions was indicative in distin-

guishing between Crohn’s disease and ulcerative colitis.

Power analysis

We anticipated a sensitivity for diagnosing IBD of 81.8% and 95% confidence intervals of 

0.42%5. To obtain these values, with a power of 0.95 and 2-sided interval, 13 patients with 

IBD would be required. Based on suspected prevalence of IBD of 50%, 26 patients were need-

ed. Thirty patients were included to account for possible withdrawals.

Statistical analysis

Qualitative data are presented as percentage and quantitative data as mean/median and 

interquartile range values, depending on distribution. Differences in histopathology scores 

between groups were tested with the Mann-Whitney U test. 

Performance statistics (sensitivity, specificity) were calculated for the different imaging 

modalities: ultrasound and MR entero- and colonography (both observers). We evaluated 

if the addition of a DCE-MRI sequence to the conventional MRI sequences could further in-

crease accuracy. To calculate the optimal cut-off values to predict IBD for the DCE-MRI para-

meters (maximum enhancement and initial slope of increase), we performed receiver operat-

ing characteristic (ROC) curve analysis. We evaluated the area under the ROC curve (AUC). 

The best cut-off value was determined by balancing the best combined sensitivity with the 

lowest false-positive rate. For the DCE analysis, the segment with highest maximum en-

hancement and highest initial slope of increase were used to determine the cut-off values. 

volume16 to correct for motion caused by patient’s respiratory movements. The first 300 DCE 

volumes (= 246 seconds) were used for analysis, since peristalsis resumed after this period. 

In each ROI we calculated the relative maximum enhancement (peak of post contrast signal 

divided by the baseline signal intensity)  and the initial slope of increase (the curve’s differ-

ential) on a pixel-by-pixel basis and then averaged across the ROI17. The DCE-MRI data were 

analyzed off-line using home-written software and were not included in the conventional 

MRI assessment. 

MR entero- and colonography assessment

MR entero- and colonography assessments were performed by two experienced paediatric 

radiologists with 12 years (observer 1) and 20 years experience (observer 2). The scoring of 

the MR entero- and colonography was performed after inclusion had ended (minimum 2 

months) because the second observer also performed the ultrasound examination.

Quality of MR entero- and colonography was assessed per segment as good (optimal dis-

tension and contrast between lumen and bowel wall), adequate (less than optimal distension 

and contrast between lumen and bowel wall, but diagnostic) or insufficient (not diagnostic, 

could not be assessed). 

The whole colon and the terminal ileum were assessed. The proximal small bowel was 

assessed clinically but not included in our analysis because there was no available reference 

standard data for those lesions. 

Diagnosis was based on the presence of the following features: thickened bowel wall (> 

3 mm) on T2-weighted images, increased mural T2 signal intensity on T2-weighted images, 

T1 bowel wall enhancement after intravenous contrast, the presence of layered enhance-

ment, absence of haustrations, presence of peri-colonic mesenteric oedema, the comb sign 

(increased mesenteric vascularity), creeping fat (fibro-fatty proliferation around the bowel 

wall) and dilatation of the colon or small bowel and diffusion restriction on the DWI se-

quence. After assessing all parameters a diagnosis (IBD yes/no) was given based on the pres-

ence of these parameters. For our second aim, differentiating between ulcerative colitis and 

Crohn’s disease, the localization of lesions was determined. Continuous lesions from the rec-

tum to proximal were indicative of ulcerative colitis; skip lesions and transmural inflamma-

tion were indicative of Crohn’s disease. In addition, transmural disease was more indicative 

of Crohn’s disease whereas mucosal disease of ulcerative colitis. The two observers gave for 

each IBD patient a diagnosis of either Crohn’s disease or ulcerative colitis.
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graphy was performed in 27 patients (one exam failed due to claustrophobia). In six patients 

the image quality in one or more segments was non diagnostic; three terminal ileum, two 

transverse colon and two rectum. The DCE volume did not include the following segments, 

because of the fact that the DCE-volume could not fit all segments: four terminal ileum, five 

transverse colon, two descending colon and 27 rectum. MRI scoring was performed two to 

six months after finalizing the inclusion. 

DCE cut off value

When performing ROC curve fitting for the DCE parameters maximum enhancement and ini-

tial slope of increase, we found an AUC of 0.66 for maximum enhancement and 0.52 for initial 

slope of increase, showing a relative acceptable performance for maximum enhancement but 

not for initial slope of increase. For maximum enhancement we found a cut-off value from 

the ROC curves of 0.40. This value was used to calculate diagnostic accuracy combined with 

MR entero- and colonography and ultrasound. 

Diagnostic accuracy

Based on ultrasound, the diagnosis was IBD in 11 patients (eight Crohn’s disease, three ul-

cerative colitis) and no IBD in 13 patients. With MR entero- and colonography, diagnosis was 

IBD in 13 patients (eight Crohn’s disease, five ulcerative colitis) and no IBD in nine patients.

For the diagnosis of IBD, sensitivity was 55% for ultrasound and 57% for MR entero- and 

colonography (both observers), specificity was 100% for ultrasound and 100% (observer 1) 

and 75% (observer 2) for MR entero- and colonography (figure 1 and 2). AUC was 0.775 for 

ultrasound, 0.783 for observer 1 MR entero- and colonography and 0.658 for observer 2. 

When the DCE-sequence was added to the MR entero- and colonography protocol sensitivity 

increased to 70% and 74%, specificity was 100% and 80% (AUC 0.783 and 0.658 respectively, 

for observer 1 versus 2). 

Combined MR entero- and colonography and ultrasound had a sensitivity of 70% and 

74% and a specificity of 100% and 80% (for observer 1 versus observer 2). AUC was 0.850 

for observer 1 and 0.770 for observer 2. When DCE-MRI was used in combination with ultra-

sound the sensitivity was 83% and 87%, specificity 100 and 80% (observer 1 versus 2) (AUC 

0.913 for observer 1, 0.835 for observer 2). Six patients with a false negative MR entero- and 

colonography only had relatively mild lesions at endoscopy varying between friability, exu-

date, granularity, loss of vascular pattern or small aphtae (D’Haens histology score median 

We also calculated ROC graphs for all different imaging strategies and assessed the AUC 

to determine the best imaging strategy.

We also calculated performance statistics (sensitivity, specificity) for MR entero- and colo-

nography and ultrasound to differentiate between ulcerative colitis and Crohn’s disease.  

Kappa values were calculated to assess interobserver variability between the two MRI 

observers. Values were interpreted as follows: 0.0<0.2 no agreement, 0.2<0.5 weak agree-

ment, 0.5<0.8 moderate agreement, 0.8<1.0 strong agreement and 1.0 perfect agree-

ment. Statistical analysis was performed by using software PASW statistics 18 (Chicago, IL). 

A  P-value <0.05 was considered significant.

Ethical Considerations

A research grant was given by Nuts Ohra foundation. Nuts Ohra foundation was not involved 

with study design, collecting the data and writing the manuscript. Ethical permission was 

obtained by the hospital medical ethics committee. Oral and written informed consent was 

obtained from all parents and patients (if older than 11 years). 

Results

Patient and baseline characteristics

A total of 30 patients were initially included in this study, 2 patients were excluded (one re-

fused to undergo endoscopy and in one patient endoscopy was postponed by >3 months). 

The final cohort consisted of 28 children with suspected IBD (15 males, mean age 14, range 

10 -17 years). Based on our reference standard 23 patients were diagnosed with IBD (72%): 

12 Crohn’s disease, 10 ulcerative colitis, one indeterminate colitis. Five patients did not have 

IBD (18%). We excluded the patient with indeterminate colitis from the subgroup analysis 

(distinguishing Crohn’s disease versus ulcerative colitis) because the subgroup indetermi-

nate colitis would have been too small (N=1). This patient was however included in the IBD 

analysis. 

In patients with Crohn’s disease median PCDAI score was 31 (IQR 20-39), in patients with 

ulcerative colitis median PUCAI  score was 43 (IQR 29-79). Median time between endoscopy 

and ultrasound/MR entero- and colonography was 7.5 days (range 1-40). Ultrasound was 

performed in 24 patients (three exams could not be performed due to logistics and one was 

incomplete due to high body mass index of the patient). The rectum could not be assessed in 

23 patients; all other segments could be evaluated with ultrasound. MR entero- and colono-
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Discussion

Our study shows that ultrasound and MR entero- and colonography can be used to diagnose 

IBD in a paediatric population, but not to exclude IBD. With current up-to-date imaging tech-

niques, it is not possible to distinguish between Crohn’s disease and ulcerative colitis. Our 

study is the first to compare both ultrasound and MRI entero- and colonography for detect-

ing IBD and distinguishing between ulcerative colitis and Crohn’s disease. 

For the diagnosis of IBD, sensitivity was 55% for ultrasound and 57% for MR entero- and 

colonography. By combining MR entero- and colonography and ultrasound, the sensitivity 

for detecting IBD increased up to 74%. When adding a DCE-sequence sensitivity increased to 

a maximum of 87%. 

In our study we reached a lower sensitivity for diagnosing IBD both with ultrasound and 

MR entero- and colonography compared to other studies (81-100%)4,5,8. In these studies the 

patient cohort included also patients known with IBD4,5. A higher sensitivity can be expected 

in a cohort with already diagnosed IBD because these patients are more likely to show severe 

inflammation and may have sequels of previous exacerbations. A study by Casciani et al 

reached a sensitivity of 100% for detecting Crohn’s disease using a combined reference stan-

dard of UGT endoscopy, ileocolonoscopy, histology, laboratory results and clinical investiga-

tion8. Although they also included patients with suspected IBD, their calculated sensitivity is 

for Crohn’s disease only. The lower sensitivity in our study could be due to the fact that some 

of our false negative cases (three patients) were patients with ulcerative colitis with only in-

flammation in the descending colon and rectum which is difficult to detect with ultrasound 

because of its deep pelvic position and with MRI because adequate distension is not always 

achieved without the administration of rectal contrast. Furthermore, eight of our false nega-

tive cases only had mild disease activity. It is known that mild disease activity (e.g. erythema 

of bowel wall) is more difficult to detect with MRI compared to severe inflammation (deep 

ulcerations and cobblestoning)18. In patients with mild disease activity MRI features such as 

T1 enhancement and increased bowel wall thickness are sometimes not present, as was the 

case in this study. The difference in sensitivity cannot be explained by the parameters used in 

our study, because we assessed the same MRI features as previous studies4,5,7,8,19,20 used such 

as thickened bowel wall, increased mural T2 signal intensity, T1 bowel wall enhancement, 

layered enhancement, absence of haustrations, presence of peri-colonic mesenteric oedema, 

comb sign, creeping fat and bowel dilatation and diffusion restriction on the DWI sequence 

to detect all possible inflammatory changes in our patient cohort. We tried to define all MRI 

10 (range 10-13) (figure 3). Four patients (40%) also had severe lesions such as ulcerations 

and cobblestoning (D’Haens histology score median 11 (range 6-11). One patient had addi-

tional lesions in the duodenum that could not be assessed on MR entero- and colonography 

(D’Haens histopathology score 11). 

In the terminal ileum, the pathology score did not correlate with maximum enhance-

ment or initial slope of increase in IBD patients. Mean colonic histopathology scores were 

not different between ulcerative colitis and Crohn’s disease patients but were significantly 

higher than in control patients (3 versus 6, p=0.047). 

Distinguishing Crohn’s disease from ulcerative colitis.

In IBD patients ultrasound had a sensitivity of 55% for detecting Crohn’s disease (figure 4) 

and MR entero- and colonography 50% (observer 2) and 58% (observer 1), respectively. Speci-

ficity was 78% for ultrasound and 91 (observer 2) and 100% (observer 1) for MR entero- and 

colonography. PPV was 75% for ultrasound, 88% (observer 1) and 100% (observer 2) for MR 

entero- and colonography. NPV was 58% for ultrasound, 67% (observer 1) and 65% (observer 

2) for MR entero- and colonography. AUC was 0.648 for ultrasound, 0.710 for observer 1 and 

0.727 for observer 2. When lesions were present in the terminal ileum at MR entero- and 

colonography, the diagnosis was Crohn’s disease in 100% of cases. On ultrasound, this was 

83% (5/6 patients).

 Sensitivity for distinguishing ulcerative colitis was only 10% for ultrasound and 30% for 

MR entero- and colonography (both observers). Specificity was 85% for ultrasound, and 85% 

(observer 1) and 77% (observer 2) for MR entero- and colonography (figure 5). PPV was only 

10% for ultrasound and 30% (both observers) for MR entero- and colonography. NPV was 

55% for ultrasound, 61% (observer 1) and 59% (observer 2) for MR entero- and colonography. 

AUC was 0.534 for both ultrasound and MRI observer 1, and 0.551 for observer 2.

Interobserver variability results for MR entero- and colonography

Kappa value for the presence of IBD was 0.630 between the two MR entero- and colonogra-

phy observers (moderate agreement). For the diagnosis Crohn’s disease or ulcerative colitis 

the kappa value was 0.638.
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and MR entero- and colonography were compared in detecting of lesions on a per patient 

basis. Missed lesions on ultrasound were mostly due to anatomic location (lower pelvis) or 

technical problems (bowel gas) and with MR entero- and colonography subtle findings were 

more difficult to detect22. With DCE-MRI, the size of the dynamic volume was 35 mm in the 

axial plane. The volume was placed to contain as many bowel segments as possible in the 

volume but this precluded in practice the rectum because of the posterior location of the 

rectum.  

Third, we did not determine the inter-observer variability for ultrasound for logistical 

reasons. As all patients already underwent one additional ultrasound and additional MRI 

sequences we determined it to be too burdensome to perform the ultrasound by two observ-

ers. 

Fourth, our DCE-MRI protocol had high temporal resolution to enable free breathing dur-

ing the sequence. Because of respiratory motion registration of the DCE-dataset was neces-

sary. We used non-rigid registration with a residual misalignment of 1 to 2 voxels which we 

considered sufficiently low to justify a ROI-analysis of the segments. Because some of the 

patients had small antecubital veins, it was not possible to inject the intravenous contrast 

medium with 5 ml/s in all patients. For the DCE analysis the contrast medium needs to be 

injected at the highest speed possible. We used the highest speed that was possible based on 

the size of the intravenous catheter.  

 In conclusion, MR entero- and colonography and ultrasound can be used to diagnose 

IBD in a paediatric population, but not to exclude IBD. Differentiation between Crohn’s dis-

ease and ulcerative colitis is not possible with ultrasound and MR entero- and colonography. 

Therefore, in the diagnostic assessment of children with suspected IBD endoscopy cannot be 

replaced by these techniques. 
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parameters according to precise criteria but some features such as T1 enhancement and T2 

signal intensity were evaluated in a subjective manner, because measurements are not more 

accurate than subjective assessment21. 

Although combining DCE-MRI and ultrasound increases the sensitivity up to 87% we do 

not recommend imaging as a first line technique for the diagnosis of IBD, because an unac-

ceptable number of children with IBD will be missed if endoscopy will not be performed.

MR entero- and colonography and ultrasound could not distinguish Crohn’s disease from 

ulcerative colitis. Sensitivity ranged from 50 to 58% for MR entero- and colonography and 

55% for ultrasound in detecting Crohn’s disease and 30% for MR entero- and colonography 

in ulcerative colitis and 10% for ultrasound.

Current data on imaging techniques to differentiate between Crohn’s disease and ulcer-

ative colitis is scarce as most research focuses on the diagnosis of IBD and not the specific 

subtypes of IBD. One previous study also found that distinguishing between Crohn’s disease 

and ulcerative colitis was not possible with MRI (accurate diagnosis in 0%, 14% and 43% of 

cases depending on the observer)7. Based on our study results, it is not possible to differ-

entiate between Crohn’s disease and ulcerative colitis except when there are lesions in the 

terminal ileum. 

MR entero- and colonography interobserver variability was moderate both for determin-

ing IBD and distinguishing between Crohn’s disease and ulcerative colitis, which is consis-

tent with the results of a previous study7. 

Our study had several strengths. We compared two state-of-the-art imaging techniques 

with a pathology based reference standard. The ultrasound exam included Doppler mea-

surements and the MRI a diffusion weighted imaging of both small bowel and colon and a 

DCE-sequence. Bowel preparation was optimal as both the small and the large bowel were 

distended. 

We are aware, however, of the limitations of our study: there was a high prevalence of 

IBD in our study group. We had anticipated a prevalence of 50% based on previous clinical 

practice. In our hospital we only perform UGT and ileocolonoscopy under general anaes-

thesia when there is sufficient indication based on patient history, clinical evaluation and 

laboratory results. In our study cohort there were only five patients that were ultimately not 

diagnosed with IBD, which diminishes the certainty of our results regarding the specificity. 

In our study the rectum could not be assessed on ultrasound in all but one patient due to 

its deep pelvic localization. In a retrospective study with 207 patients with IBD, ultrasound 
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Introduction

Perianal fistula is a common condition with a prevalence of 1 per 10 000. Males in their 4th 

decade are most commonly affected1. Cryptoglandular fistulas are the most common type 

of perianal fistulas, representing up to 90%1. Around 40% of patients with Crohn’s disease 

will develop a perianal fistula2-4 and this is even higher in patients with anal strictures5. Up 

to 36% of patients with Crohn’s disease present with a perianal fistula as their initial com-

plaint4.

Treatment of perianal fistulizing disease is medical or surgical. Patients with Crohn’s 

disease are first treated with antibiotics, immunosuppressive agents or anti–TNF  antibod-

ies. Ruling out abscesses is important before starting therapy. Setons can be placed to pre-

vent abscesses from recurring. Fistulas not related to Crohn’s disease are usually treated by 

surgery. Recurrence after surgical therapy is the most common problem. Reason for recur-

rence is that fistula extensions are not detected during surgery; therefore preoperative imag-

ing is very important.

Anatomy and aetiology. 

The anal canal is lined by (sub)epithelium/mucosa with muscularis mucosae. Subsequent 

layers are the internal smooth muscle sphincter, the intersphincteric space (which contains 

the longitudinal muscle) and an outer striated muscle layer. The lower half of this outer 

layer is formed by the external sphincter and the upper half the puborectalis muscle6. The 

anal sphincter is surrounded by the fat containing ischioanal space and continuous with the 

rectum at the anorectal junction. 

At approximately 2 cm into the anal canal lies the dentate line, which forms a transition 

zone between anal squamous epithelium and rectal columnar epithelium. Around the den-

tate line are the anal glands that empty into the anal sinuses. The glands are primarily within 

the intersphincteric space or the internal sphincter. The commonly held cryptoglandular 

hypothesis states that infection of these glands can lead to the formation of anal fistulas7. 

First an intersphincteric abscess will develop from the infected gland. If adequate drainage 

is not possible because of debris, this will progress to an acute anorectal abscess that needs 

surgical intervention. If the original intersphincteric abscess is not adequately treated a fis-

tula can develop. 

In patients with Crohn’s disease, fistulas may also develop because of the elongation of 

ulcers in the distal rectum (or anal fissures) that extend over time secondary to the force of 

defecation.

Abstract

Perianal fistulas, cryptoglandular or Crohn’s disease related, have a tendency to recur. Recur-

rence is usually due to missed infection during surgery for cryptoglandular fistulas or insuf-

ficient response to medical treatment in Crohn’s disease. It is now recognized that preopera-

tive imaging (endoanal ultrasound and MRI) can help to identify extensions that otherwise 

would be missed during surgery and therefore prevent recurrence. For medical therapy, the 

extent of the disease and the presence of abscesses are identified with imaging and therapy 

response can be monitored. The purpose of this review is to give an up-to-date overview 

of the anal anatomy, classification of perianal fistulas and the role of imaging modalities in 

management of patients with perianal fistulas. 
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Table 1: St. James University hospital classification for MRI.

Grade Fistula type

1 Simple linear intersphincteric fistula. The fistulous tract extends from the skin 

to the anal canal. There is no ramification within the sphincter complex. The 

tract is confined by the external sphincter

2 Intersphincteric fistula with abscess or secondary tract. The fistula is bounded 

by the external sphincter. Secondary tracts may be of horseshoe type or may 

ramify in the ipsilateral intersphincteric plane. 

3 Trans-sphincteric fistula. The fistula pierces through both layers of the sphincter 

complex and then arcs down to the skin through the ischioanal fossa. 

4 Trans-sphincteric fistula with abscess or secondary tract within the ischioanal 

fossa. The abscess manifests as an expansion along the primary tract or in the 

ischioanal fossa.

5 Supralevator and translevator disease. The fistula extends above the insertion of 

the levator ani muscle. A suprasphincteric fistula extends upward in the inter-

sphincteric plane and over the top of the levator ani muscle to pierce downward 

to the ischioanal fossa. Extrasphincteric fistulas reflect extension of primary pel-

vic disease down through the levator plate. 

Treatment and preoperative assessment

The aim of treatment of fistulas of cryptoglandular origin is to close the fistula tract, eradiate 

the infection and to maintain continence. Treatment for cryptoglandular disease is often sur-

gical. Classification is important because treatment differs between different types of tracts. 

Simple submucosal, intersphincteric and also low (1/3 lower part of the anal sphincter) trans-

sphincteric tracts can be treated with fistulotomy without a (substantial) impact on conti-

nence11. For higher and complex fistulas (high fistula: 2/3 upper part of the anal sphincter) 

retaining continence is a problem. For eradiation of infection it is often necessary to cleave 

the external sphincter for excision or incision of the fistula tract. Cleavage often leads to 

moderate to poor long term results and incontinence in many individuals12. For these rea-

sons there is a trend towards treatment not involving the sphincter muscles (e.g. mucosal 

advancement)13;14. Less invasive treatment modalities (e.g. plug or glue) are other options, 

although with often disappointing results15;16.

Classification of perianal fistulas

The Parks classification, although adapted to some extent, is still the most widely used clas-

sification of perianal fistulas8. This classification was primarily developed for surgical treat-

ment and is therefore especially important for patients treated surgically. Principal finding in 

classification is the course of the tract from the anal mucosa to the perineal skin, in relation 

to the most outer, striated muscle layer (figure 1). 

Intersphincteric fistulas (24% of cases of primary cryptoglandular fistulas)9 course from 

the internal opening in the anal canal through the internal sphincter and the intersphinc-

teric plane to the perineal skin. A transsphincteric fistula (58%) is a fistula that - in addition 

to the tract as described for an intersphincteric fistula - passes from the intersphincteric 

plane at varying levels through the outer striated muscle layer (thus external sphincter or 

puborectal muscle) into the ischioanal fossa. Less frequent is a suprasphincteric fistula (3%) 

where the tract passes in the intersphincteric plane over the top of the puborectalis muscle 

and then downwards again through the levator plate to the ischioanal fossa and finally to 

the skin. Relative rare are extrasphincteric fistulas (less than 1%) where the tract passes from 

the perineal skin through the ischioanal fat and the levator plate to the internal opening in 

the rectum. This type of fistula is outside the anal sphincter complex altogether and in fact 

only found in patients after prior surgery. 

Submucosal fistulas (15%) are not included in the original publication of fistula clas-

sification by Parks as these fistulas where not encountered at that tertiary referral center. 

However, now these fistulas are commonly added to the classification; these are superficial 

fistulas that do not involve the anal sphincter complex. In addition, single submucosal, inter- 

and trans-sphincteric fistulas are called simple fistulas; extra- and suprasphincteric fistulas, 

fistulas with secondary tracts or rectovaginal fistulas are called complex fistulas.

The extensions of the fistula are not included in the Parks classification. They may course 

in various directions and anatomical compartments. Horseshoe extensions are extensions 

that extend from both sides of the internal opening in the horizontal plane.

As relevant findings at MRI could not be indicated in the Parks classification system, a 

MRI based system has been proposed. The St. James university hospital classification for 

MRI10 is an MRI based grading system for perianal fistulas that has been validated by surgi-

cally proved cases. It is based on the Parks classification and is composed of five grades. It 

relates to the anatomy seen at MR images on both the axial and the coronal plane. This grad-

ing system deals not only with the primary tract but also with secondary ramifications and 

associated abscesses, which is needed in pre-operative and medical imaging (table 1).
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Table 2: Differential diagnosis of perianal sepsis

Hidradenitis suppurativa

Acne conglobata

Pilonidal sinus

Actinomycosis

Tuberculosis

Proctitis

Human immunodeficiency virus

Lymphoma

Anal and rectal carcinoma 

Imaging techniques

Fistulography and CT

Both fistulography and CT are now considered obsolete techniques. Few studies have been 

performed testing the accuracy of fistulography27;28 and CT29, all with disappointing results. 

Sensitivity of fistulography is in the study of Weismann et al.28 88% and the specificity 100%. 

The sensitivity of 88% can be explained because in fistulography, possible extensions might 

not fill with contrast because of debris or granulation tissue and the anatomical relations 

are not visualized because pelvic floor muscles are not identified. In CT, the lack of contrast 

resolution prohibits differentiating fistulas from pelvic floor muscles. 

Endoanal ultrasound (EUS)

EUS gives a detailed visualization of the anal sphincter complex30. EUS is a simple and fast 

technique and generally well tolerated by patients. A rotating probe covered with a hard 

sonolucent cone filled with water, with a 360º radius and a frequency between 5 and 16 MHz 

is introduced in the rectum with the patient lying on the left side or supine position for wom-

en. The probe is then slowly withdrawn so that the sphincter complex can be visualized. 

On a normal ultrasound, the internal sphincter, intersphincteric space and external sphinc-

ter are visible as concentric circular layers. The internal sphincter is hypoechoic and 2-3 mm 

in width. The intersphincteric space is echogenic while the external anal sphincter has a 

Examination under anaesthesia (EUA) used to be the technique for fistula examination. 

Probing the tract with a metal probe created secondary tracts and this technique was associ-

ated with high recurrence due to missed extensions (up to 25%)17.

Most patients (95%) with a fistula of cryptoglandular origin present with simple fistulas 

and therefore imaging might not be necessary at initial presentation18;19. Conversely, ac-

curate visualization of the fistulous tract at initial presentation with subsequent optimized 

treatment might prevent recurrent and chronic disease. Patients with recurrent cryptoglan-

dular fistulas present in 50% with complex fistulae, so that pre-operative visualization is 

mandatory in these patients. In patients with Crohn’s disease fistulas are complex in 75% of 

cases19. Although surgery is generally reserved for patients with abscesses, visualization of 

the fistula tract is important to monitor therapy response.

The extent of sphincter division during fistulotomy is determined by the location of the 

internal opening. The dentate line cannot be visualized with imaging techniques, but the 

position of the dentate line and the internal opening can be estimated using the transverse 

plane. 

Crohn’s disease patients are treated medically. The usual first step of treatment is antibi-

otics (metronidazole, ciprofloxacin), although recurrence after discontinuation is common. 

Purine analogs (azathioprine, 6-mercaptopurine) are effective in treatment and maintaining 

remission20. Anti–TNF  antibodies has been introduced with good clinical results21;22. How-

ever, post therapy imaging with ultrasound and MRI proved that fistula tracts were still vis-

ible after short term treatment despite apparent clinical response23-25.

Differential diagnosis

Not all cases of perianal sepsis are due to perianal fistula; it can be caused by different condi-

tions (table 2). Medical history and physical examination are important in this differentia-

tion. Imaging can be used in inconclusive cases and localization of the disease is crucial for 

this differentiation (e.g. perianal fistula versus pilonidal sinus)26. In perianal fistulas, the 

infection is usually intersphincteric, whereas in other conditions not. Crohn’s disease as an 

underlying cause must always be considered, especially for complex disease.
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especially in patients with Crohn’s disease50 – and the wide availability. When both coils are 

available an approach where endoluminal MRI is used for cryptoglandular fistulas and exter-

nal MRI in Crohn’s disease seems optimal.  

On MR images the difference between fibrosis and active fistula tracts can be easily made. 

On T2-weighted images, active fistulas and abscesses, which are filled with pus and debris, 

are hyperintense, whereas fibrosis is hypointense. Also the difference between fluid within 

a tract (e.g. abscess) and active inflammation can be seen. On post contrast T1-weighted im-

ages fluid is hypointense (Figure 4) while granulation tissue enhances leading to high signal 

intensity (Figure 3).

The external anal sphincter has a relatively hypointense aspect and contrasts very well 

with the fat in the ischioanal fossa as well as the intersphincteric space on T2-weighted imag-

es. The difference between intersphincteric and trans-sphincteric tract is therefore easily made. 

In a study with 52 patients with a perianal fistula, MRI with a bodycoil had a sensitivity 

of 81% for assessment of severity compared with outcome and a specificity of 75%51. Other 

studies have shown similar results. MRI has been proven to significantly alter surgical out-

come; postoperative recurrence of perianal fistula was 16% for surgeons who acted on MRI 

versus 57% recurrence for surgeons who did not52.

The clinical role of EUS and MRI

EUS and MRI are both used in patients with perianal fistulas. Several studies compare the 

accuracy of EUS and MRI.  Some have reported that MRI is more accurate,36;48;52 has the same 

accuracy37;53 or is less accurate54. Differences between studies in methods used (e.g. use of 

hydrogen peroxide for EUS and optimal sequences and coils for MRI) and level of experience 

are probably important reasons for these differences.

Buchanan and colleagues52 found that MRI was 90% accurate whereas EUS (without hy-

drogen peroxide) was accurate in 81% and EUA in 61% in the classification of the perianal 

fistula. 

The precise role of EUS and MRI has not been defined, as the body of evidence of compari-

son of state of the art EUS and MRI is meager. Both seem to have good accuracy data, where 

for MRI a significant impact on outcome of surgery has been demonstrated55.

The advantage of EUS is that it is an inexpensive technique, easy to use in the hands of an 

experienced operator and can be used in patients with claustrophobia and metallic implants. 

The advantage of MRI is that it gives more overview. This is especially valuable in complex 

mixed echogenicity pattern. A tract leads to disturbance of the normal anatomy, often visible 

as a hypoechoic linear structure, while echogenic air bubbles can be present. Accuracy rates 

for correctly classifying the fistula tract are between 86.5%31 and 95%32. In larger patient se-

ries the internal opening was detected in 62.5% to 94% of cases33-35. The inconsistency in the 

literature about the accuracy of EUS for perianal fistula can be explained partially by infusion 

of hydrogen peroxide. Lack of the use of hydrogen peroxide results in suboptimal results36;37 

as is reflected in a meta-analysis as well38. It has been well established that hydrogen perox-

ide improves visualization of the fistula tract19;31;32;39-44. Hydrogen peroxide is infused in the 

fistula tract where it forms small air bubbles that change the echogenicity of the tract from 

hypoechoic to bright hyperechoic (Figure 2). Care must be taken to sufficiently fill the track 

with hydrogen peroxide so that also the side branches are visualized when least resistance is 

in the main tract. Obviously, EUS is operator dependent.

With three-dimensional (3D) EUS a 3D volume is obtained which can be used to recon-

struct in the coronal and sagittal planes, which is helpful in identifying the extent of the fis-

tula and the relationship to surrounding structures. West et al compared in 21 patients with 

a cryptoglandular fistula hydrogen peroxide enhanced ultrasound with 3D reconstruction 

with endoanal MRI and surgery. EUS had an agreement of 81% with surgery and endoanal 

MRI and surgery 90%45. To our knowledge, this is the only study that prospectively compared 

hydrogen peroxide enhanced ultrasound with MRI with a surgical reference standard.

MRI

MRI has a high intrinsic contrast resolution with an excellent demonstration of the anal 

sphincter and pelvic floor anatomy as well as identification of tracts and abscesses46. The 

technique has established itself as a reliable technique for the imaging of perianal fistula47-49. 

T2-weighted sequences and a fat suppressed sequence are mainstay. A gadolinium en-

hanced T1-weighted sequence is very helpful for differentiating between fluid and granula-

tion tissue, important in abscesses (Figures 3 and 4). First, a sequence in the sagittal plane 

is performed. The transverse and coronal sequences must be aligned with the anal canal at 

the sagittal sequence. There are two types of coils that can be used, the endoanal coil and 

phased-array external coils50. The latter is far more widely available and most experience 

concerns this coil. Advantage of the endoanal coil is the higher spatial resolution, which 

might be beneficial in identifying small tracts and internal openings (Figure 5 and 6). Ad-

vantage of external phased array is the larger field of view – preventing missing extensions 
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fistulas and high fistulas, MRI can therefore be considered as primary imaging technique in 

patients suspected for these fistulas. When EUS is used as initial imaging technique in such 

patients, MRI should be performed when EUS in inconclusive (e.g. cases where the fistula can-

not be followed proximal with EUS). MRI with an external coil does not need introduction of an 

endoanal device and patient comfort is in this respect better than for EUS and endoanal MRI. 

Future of imaging techniques

Recent developments are the use of dynamic contrast enhanced MRI for determining 

disease activity in perianal Crohn’s disease56. With this technique 2D T1-weighted scans are 

performed and time intensity curves are obtained, so it can be determined whether a fistula 

is active (by measuring the volume of enhancing pixels). To obtain time intensity curves, the 

dynamic contrast enhanced MRI was performed in a five-section volume that was imaged 

20 consecutive times with a temporal resolution of 5 seconds (transversal 2D T1-weighted 

Fast Spoiled Gradient Echo sequence; MR parameters: TR/TE 7.4/2.4 msec; flip angle 30°)56. 

In patients with active fistulas, the volume of enhancing pixels was higher than in patients 

with an inactive fistula56. 

Other developments are the possibility of the use of a 3 Tesla MRI scanner. In theory 

a higher field strength gives a better signal-to-noise ratio, that can be used to achieve in-

creased spatial resolution, increased temporal resolution (decreased imaging times), or a 

combination of the two57. No studies have proven that the use of high field MRI scanners 

gives better patient outcome.

Conclusion

To decrease recurrence rate in patients with perianal fistulas, imaging is necessary for pa-

tients with a high likelihood of complex fistulas or patients with recurrent disease. There is 

a considerable body of evidence on EUS and MRI in perianal fistulas, but comparison of both 

techniques using state of the art techniques is meagre. However, most likely EUS and MRI 

are in experienced hands comparable techniques for low, simple tracks. For complex and 

high tracks MRI seems preferable. When such tracks are identified or suspected at EUS, MRI 

should be used when there is uncertainty about the proximal extension of the fistula with 

EUS. 
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Introduction

Perianal fistulas are a common finding in patients with Crohn’s disease1. To determine treat-

ment strategy and response, the course of the perianal fistula and its inflammatory activity 

have to be evaluated. MRI is the recommended initial examination2. For assessing active in-

flammation, a T1-weighted contrast-enhanced sequence can be performed. This is especially 

important in patients with fistulizing Crohn’s disease as they are usually medically, not surgi-

cally treated, and therapeutic response is the clinical question in these patients. Enhance-

ment indicates active inflammation because it reflects increased tissue perfusion and vascu-

lar permeability3. Enhancement is usually assessed on conventional post-contrast imaging at 

one time-point and the grading is subjective. Subjective grading has intrinsic limitations and 

conventional post-contrast imaging at one time-point does not give information on micro-

vascularisation. In DCE-MRI, images are acquired during the delivery of the contrast agent to 

the tissue of interest, reflecting the dynamic response of the tissue to the inflow of blood. 

The signal intensity of tissue on a T1-weighted MR image increases as a result of the leakage 

of contrast material from the capillaries into the extracellular extravascular space. By use of 

dynamic acquisition, time-intensity curves (TICs) are acquired. These curves represent the 

signal intensity at each moment before and during contrast injection. DCE-MRI parameters 

such as TIC shape and the volume transfer constant (Ktrans) have often been considered a mir-

ror of the physiologic parameters of the tissue (e.g., capillary permeability, tissue vascular-

ization) that change in inflammatory conditions4. In a previous study5, semiquantitative 

DCE-MRI was used for evaluation of perianal fistulas, and significant correlations were found 

between the absolute number of certain TIC shapes and perianal disease activity index 

(PDAI). However, quantitative information on fistula perfusion (i.e., Ktrans ) was not reported. 

In patients with rheumatoid arthritis of the wrist, Ktrans values decreased 20% after anti–

TNF  treatment, indicating a change in inflammatory activity that represents a possible 

therapeutic response6. Anti–TNF  reduces short-term fistula drainage7 and promotes inter-

nal healing8, possibly by inhibition of neoangiogenesis. The purpose of this study was to 

assess DCE-MRI parameters, both quantitative and semiquantitative, for the evaluation of 

disease activity and response to anti–TNF-a treatment of perianal fistulizing Crohn disease. 

Abstract

Objective:  

The objective of our study was to perform a semiquantitative analysis of dynamic contrast-

enhanced MRI for the evaluation of disease activity and therapeutic response in patients 

with perianal fistulizing Crohn disease.

Subjects and methods: 

Sixteen consecutively registered patients with perianal Crohn disease underwent pelvic MRI. 

A dynamic contrast-enhanced sequence was performed at 3 T (temporal resolution, 4.2 sec-

onds) during IV contrast injection. Maximum enhancement, initial slope of increase, volume 

transfer constant (Ktrans), and the extravascular space fractional volume (υe) were calculated 

in a region of interest drawn around the fistula. Perianal disease activity index, CRP concen-

tration, and an MRI-based activity score were calculated as reference standards. Six patients 

underwent a second MRI examination 6 weeks after starting treatment with anti–tumor 

necrosis factor  (anti–TNF ).

Results: 

Perianal disease activity index moderately correlated with maximum enhancement (r = 0.67, 

p = 0.005), initial slope of increase (r = 0.58, p = 0.018), and volume of enhancing pixels 

(r = 0.79, p < 0.001) but not with Ktrans or υe. Volume of enhancing pixels also correlated 

with CRP concentration and the MRI-based score (r = 0.52, p = 0.041; r = 0.79, p < 0.001). 

The Ktrans values had decreased significantly 6 weeks after the start of anti–TNF  therapy.

Conclusion: 

Maximum enhancement and initial slope of increase correlate with disease activity in peri-

anal Crohn disease. Ktrans may be an indicator of the effect of therapy on patients starting 

anti–TNF  treatment.
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All transverse sequences were performed with the same orientation.

Analysis of Conventional MRI Data

All MR images were evaluated by an abdominal radiologist with experience in evaluation 

of pelvic MR images (≈ 600 examinations for perianal fistulas). For determination of disease 

activity, the MRI-based score of disease severity developed by Van Assche et al.9 was used. 

This score consists of both anatomic parameters and parameters indicative of active inflam-

mation (Table 1). Scores range from 0 to 22, higher scores indicating more severe disease. 

Because this score does not include evaluation of contrast-enhanced images, we also sepa-

rately graded the fistula enhancement in four categories (no, mild, moderate, and severe 

pathologic enhancement) compared with the unenhanced images. From the MRI-based score 

we extracted the T2 signal hyperintensity (absent, mild, pronounced). 

Subjects and Methods

Study Sample

From August 2008 until December 2009, 16 patients with known Crohn disease and suspect-

ed perianal fistula who consecutively underwent pelvic MRI at the radiology department of 

a tertiary referral centre were included in this prospective study. The indication for MRI was 

evaluation of perianal Crohn disease. The general exclusion criteria for MRI (e.g., pacemaker) 

were applicable. All patients provided written informed consent. Study approval was given 

by the institutional review board.

MRI Technique

MRI was performed with a 3-T system (Intera, Philips Healthcare) and a six-channel tor-

so phased-array body coil with the patients supine. Sagittal, coronal, and transverse T2-

weighted fast spin-echo sequences were performed with the coronal sequence parallel and 

the transverse sequence perpendicular to the anal canal (TR/TE, 3000/80; slice thickness, 

4 mm; matrix, 400 × 400; FOV, 360 × 360 mm). A fat-suppressed T2-weighted fast spin-

echo sequence was performed in the transverse plane (TR/TE, 3000/70; flip angle, 90°; slice 

thickness, 2 mm; matrix, 304 × 304; FOV, 360 × 360 mm) and followed by an unenhanced 

transverse T1-weighted fast spin-echo sequence with fat suppression (TR/TE, 700/10; flip 

angle, 90°; slice thickness, 4 mm; number of slices, 15; FOV, 300 × 300 mm; matrix, 256 × 

256). After completion of these sequences, T1 measurement was performed with a classic 

Look-Locker sequence in combination with a 3D turbo fieldecho sequence. A dynamic trans-

verse 3D T1-weighted fast spoiled gradient-echo sequence was performed that consisted of 

70 consecutive images with a temporal resolution of 4.2 seconds. The imaging parameters 

were as follows: TR/TE, 5.12/2.3; FOV, 200 × 200 × 60 mm; spatial resolution, 1.38 × 1.38 

× 4 mm; matrix, 144 × 144 × 15; flip angle, 30°; bandwidth per pixel, 433 Hz. Orienta-

tion of the dynamic acquisition was perpendicular to the anal canal. Five seconds after the 

start of the acquisition 0.1 mL/kg bodyweight of contrast agent (gadodiamide, Gadovist, 

Bayer Schering Pharma) was administered by bolus injection (5 mL/s) into an antecubital vein 

through a 20-gauge IV catheter with an automated injection pump (Mallinckrodt Optistar, 

Liebel-Flarsheim). Injection of contrast medium was immediately followed by a bolus of 15 or 

20 mL saline solution (5 mL/s) depending on the length of the contrast injection tube. After 

completion of the dynamic sequence, a transverse T1-weighted fast spin-echo sequence with 

fat suppression was performed (same parameters as for the unenhanced T1-weighted series). 
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Analysis of Dynamic Contrast-Enhanced MRI Data

The contour of the fistula was first assessed on the T2-weighted fast spin-echo image. A 

research fellow aided by an experienced abdominal radiologist then drew a ROI around the 

whole fistula on the T1-weighted dynamic images. The ROI was drawn on all slices where the 

fistula, including all branches, was visible. The drawing of the contour took approximately 

10 minutes per patient. 

We analyzed the DCE-MRI data in both a semiquantitative and a quantitative (model-

based) manner. In each ROI we calculated the relative maximum enhancement and the initial 

slope of increase. The TIC shapes were classified pixel by pixel. Each of seven curve shapes 

classified according to the scheme described by Lavini et al.10 was assigned a unique color 

(Figure 1 and 2). Classification was as follows: type 1 (gray), no enhancement; type 2 (green), 

slow enhancement, maximum of the curve reached after half acquisition; type 3 (blue), quick 

enhancement followed by a signal intensity plateau; type 4 (magenta), fast enhancement 

and quick washout; type 5 (yellow), quick enhancement followed by slow constant enhance-

ment; type 6 (red), artery; type 7 (white or light gray), all others. The pixel-by-pixel TIC clas-

sification was rendered in a colour-coded map, yielding a high-resolution description of the 

curve shapes in the whole area of interest. We calculated the total number of pixels classified 

as each of the seven curve shapes together with the relative occurrence of each of these 

(number of pixel per shape / total number of pixels in the ROI). For the quantitative model-

based analysis we applied the Tofts model4 using a measured AIF. The AIF was selected in 

the femoral artery or a branch thereof (its presence assessed on the images acquired with 

conventional sequences) and fitted to a model function previously described11. We used the 

Tofts model in its extended version, as follows:

where Ktrans = Kep υe is the volume transfer constant, Ct(t) the concentration in the tissue, 

and Cp(t) the plasma concentration or AIF. The concentration-time curves were obtained from 

the T1 maps, calculated from the Look-Locker sequence. Conversion from signal intensity 

to concentration was performed as previously described11. Average values of all quantita-

tive parameters (Ktrans, υe, Kep) and semiquantitative parameters (maximum enhancement, 

initial slope of increase, volume of enhancing pixels) were then calculated across the ROI. 

Table 1: MRI-based score for the Severity of perianal Crohn’s Disease9

Number of fistula tracks Score

None 0

Single, unbranched 1

Single, branched 2

Multiple 3

Location

Extra- or intersphincteric 1

Transsphincteric 2

Suprasphincteric 3

Extension

Infralevatoric 1

Supralevatoric 2

Hyperintensity on T2-weighted images

Absent 0

Mild 4

Pronounced 8

Collections (cavities > 3 mm diameter)

Absent 0

Present 4

Rectal wall involvement

Normal 0

Thickened 2
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Table 2: Perianal Disease Activity Index (PDAI)

Pain/restriction of activities Score

No activity restriction 0

Mild discomfort, no restriction 1

Moderate discomfort, some limitation activities 2

Marked discomfort, marked limitation 3

Severe pain, severe limitation 4

Restriction of sexual activity

No restriction 0

Slight restriction 1

Moderate limitation 2

Marked limitation 3

Unable to engage 4

Discharge

None 0

Minimal mucous 1

Moderate mucous or purulent 2

Substantial 3

Gross faecal soiling 4

Type of perianal disease

No perianal disease/skin tags 0

Anal fissure or mucosal tear 1

<3 perianal fistulae 2

≥3 perianal fistulae 3

Anal sphincter ulceration or fistulae with significant undermining of skin 4

Degree of induration

No induration 0

Minimal induration 1

Moderate induration 2

Substantial induration 3

Gross fluctuance/ abscess 4

We  calculated the absolute and relative number of each TIC shape within the ROI and the 

ratio of quickly enhancing types of TIC versus slowly enhancing TIC (ratio between TIC types 

3, 4, and 5 versus type 2). The DCE-MRI data were analyzed offline with home-written soft-

ware12. 

Clinical Evaluation

The PDAI (Table 2) was scored by a research fellow when the patient visited the radiology 

department. The PDAI incorporated five elements: presence or absence of discharge, pain or 

restriction of activities of daily living, restriction of sexual activity, type of perianal disease, 

and degree of induration13. Scores ranged from 0 to 20, higher scores indicating more severe 

disease.
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Results

Sixteen patients (seven men, nine women; median age, 34.5 years; range, 18–63 years) with 

perianal fistulizing Crohn disease were included in this study. Patients had a median disease 

duration of 8 years (range, 1–39 years). The fistula had been present a median of 5 years 

(range, < 1 to 16 years). All patients underwent MRI because of fistula activity during cur-

rent medication. None of the patients reported abdominal signs or symptoms at the time of 

the study. For Crohn disease maintenance therapy one patient (6%) used anti–TNF ; two 

(12%), steroids; four (25%), mercaptopurine; and three (19%), 5- aminosalicylic acid. Two 

patients (12%) had a seton in situ. Six patients formed a subgroup of patients who started 

treatment with anti–TNF  and underwent a second MRI examination 6 weeks later. Patient 

baseline scores are depicted in Table 3.

Table 3: severity indexes of the study population

Index All patients
(n=16)

Clinically active
 (n=9)

Clinically inactive
(n=7)

PDAI 

Median (range)

6.50 (1-15) 11 (6-15) 3 (1-5)

MRI-based score 

Median (range)

11 (4-18) 16 (4-18) 9 (4-17)

CRP 

Median (range)

4.5 (0-116) 23.4 (2.2-116) 1.3 (0-4.2)

Clinical Findings and Dynamic Contrast- Enhanced MRI Parameters

Nine patients had clinically active disease (PDAI > 5 or CRP > 5 mg/L). Patients with active 

disease had significantly higher maximum enhancement (p = 0.017) and volume of enhanc-

ing pixels (p = 0.002). PDAI moderately correlated with maximum enhancement (r = 0.67, 

p = 0.005), initial slope of increase (r = 0.58, p = 0.018), and volume of enhancing pixels 

 (r =  0.79, p < 0.001) (Table 4). Absolute pixel counts of TIC types 2–5 had moderate to strong 

correlations with PDAI. Relative pixel counts did not have a correlation with PDAI or CRP. For 

the quantitative parameters (Ktrans, υe, and Kep ), no correlations were found.

CRP

CRP concentration in milligrams per litre was determined as a biologic marker of disease 

activity at MRI. We divided the patients into two groups based on CRP and PDAI values. We 

defined clinically active disease as a PDAI greater than 5 combined with a CRP greater than 

5 mg/L because 5 mg/L is used at our institution as a cut-off between normal and elevated 

CRP. For PDAI, no cut-off value between active perianal disease and remission has been estab-

lished, to our knowledge. We chose a cut-off value of 5, as used in a previous study on this 

topic5 and based on findings by Present et al.7.

Clinical Follow-Up

Follow-up data were collected for all patients for a minimum of 11 months (median, 423 

days; range, 263–692 days). Three separate events were recorded: whether surgery had been 

performed for perianal Crohn disease; whether new abscess formation had occurred; and 

whether a change in medication was necessary (addition of antibiotics, immunosuppressive 

medication, or biological). The patients who started with anti–TNF  treatment, either inflix-

imab (Remicade, Schering-Plough) or adalimumab (Humira, Abbott Laboratories) underwent 

MRI 6 weeks after the start of treatment for assessment of initial treatment response. This 

subgroup of patients had not previously undergone any kind of anti–TNF  treatment. 

Statistical analysis

The Spearman rank correlation test was used to calculate correlation coefficients between 

DCE-MRI parameters and the reference parameters (PDAI, CRP, and MRI-based score). Correla-

tion coefficient values were interpreted as follows: 0.0, no correlation; 0.2, weak correlation; 

0.5, moderate correlation; 0.8, strong correlation; 1.0, perfect correlation14. To compare ordi-

nal variables (T1 enhancement and T2 hyperintensity) with continuous variables (DCE MRI 

parameters), we used a chi-square linear-by-linear association. The Mann-Whitney U test was 

used to calculate differences in DCE-MRI parameters between the predefined groups of pa-

tients (active versus inactive disease, event versus no event). The Wilcoxon signed rank test 

was used for repeated measurements to test for differences between Ktrans values before and 

after therapy. Values of p < 0.05 were considered to indicate statistical significance.
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Table 5: Chi-square linear by linear association of DCE parameters with MRI parameters T1 

 enhancement and T2 hyperintensity in the whole study group (n=16). 

DCE-MRI parameter T1 enhancement T2 signal intensity

Maximum enhancement p=0.055 p=0.474

Initial slope of increase p=0.961 p=0.874

Ktrans p=0.332 p=0.112

Kep p=0.675 p=0.472

υe p=0.505 p=0.112

Volume of enhancing pixels  p=0.006 p=0.112

indicates significant difference 

Follow-up

One-year follow-up information was available for 15 of the 16 patients. One patient was lost 

to follow-up owing to emigration. Seven patients (43%) needed intervention: three patients 

had an abscess, one patient needed surgical treatment, and three changed medication during 

the follow-up period. There was a significantly larger volume of enhancing pixels in patients 

in whom an adverse event occurred (p = 0.028); all other parameters were not significantly 

correlated (Table 6). Among patients in whom an adverse event occurred, there was a strong 

significant correlation between maximum enhancement and PDAI (r = 0.881, p = 0.009) 

(Table 7). There was no correlation or association between the other DCE-MRI parameters, 

PDAI, and T1 enhancement or T2 hyperintensity. In the subgroup of six patients who under-

went anti–TNF  treatment, 6 weeks after the start of anti–TNF  therapy, Ktrans values were 

significantly lower (mean, 0.509 [95% CI, 0.286–0.732] versus 0.320 [95% CI, 0.152– 0.488]; 

p = 0.027) (Fig. 3 and Table 8). Three patients had only a small decrease in Ktrans. One of these 

patients used a purine antagonist and one, steroids. The third patient did not use any concur-

rent medication. Two of the patients who had a larger decrease in Ktrans were undergoing 

concurrent purine antagonist treatment.

Table 4: DCE parameters versus reference parameters in the whole study group (n=16).

DCE-MRI parameter PDAI CRP MRI-based score

Maximum 

 enhancement

 r=0.67 (p=0.005)  r=0.57 (p=0.022)  r=0.47 (p=0.069)

Initial slope of 

 increase

 r=0.58 (p=0.018)  r=0.60 (p=0.014)  r=0.20 (p=0.461)

Ktrans  r=0.28 (p=0.292)  r=0.11 (p=0.687)  r=0.43 (p=0.100)

Kep  r=0.20 (p=0.467)  r=0.29 (p=0.280)  r=0.37 (p=0.158)

υe  r=0.137 (p=0.639)  r=-0.15 (p=0.593)  r=0.17 (p=0.542)

Volume of enhanc-

ing pixels

 r=0.79 (p<0.001)  r=0.52 (p=0.041)  r=0.79 (p<0.001)

indicates significant difference 

Initial slope of increase and volume of enhancing pixels were significantly higher in pa-

tients with elevated CRP (p = 0.030, p = 0.039). CRP moderately correlated with maximum 

enhancement (r = 0.57, p = 0.022), initial slope of increase (r = 0.60, p = 0.014), and volume 

of enhancing pixels (r = 0.52, p =0.041) (Table 3). No correlations were found between CRP 

and the quantitative parameters.

MRI-Based Score

Patients with clinically active disease had a significantly higher MRI-based score (p = 0.029). 

The MRI-based score had weak to moderate correlation with maximum enhancement and 

volume of enhancing pixels (Table 4). Total pixel counts of individual TIC types 2, 3, and 5 had 

moderate to strong correlation with the MRI-based score. T2 hyperintensity was absent in 

two fistulas (12%) and mild in 14 (88%). T1 enhancement was absent in one fistula (6%), mild 

in eight (50%), moderate in four (25%), and severe in three fistulas (19%). There was a sig-

nificant association between volume of enhancing pixels and T1 enhancement (p = 0.006). 

There were no associations between T1 enhancement or T2 signal intensity and any other 

DCE-MRI parameter (Table 5).
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In patients whose anti–TNF  therapy was stopped before deep internal healing occurred, the 

fistula later reopened. DCE-MRI parameters, especially Ktrans, may help in prediction of out-

come, because mean Ktrans values decrease after the start of anti–TNF  therapy, indicating 

changes in vessel permeability and thus a reduction of angiogenesis and a possible initial 

effect of therapy on these patients. These patients need clinical monitoring if this hypothesis 

is indeed true, and Ktrans values can be used as a response marker. A previous study20 showed 

a significantly higher Ktrans value in actively inflamed terminal ileum compared with a nor-

mal ileal loop, but there was no correlation between a pathologic reference standard and 

Ktrans values [21]. According to the results of both our study and previous studies, Ktrans can-

not be used directly as a predictor, but changes in Ktrans may be indicative of changes in in-

flammatory parameters. In three patients the Ktrans value decreased only marginally. Two of 

these patients were undergoing concurrent purine antagonist or steroid treatment. A possi-

ble effect of these concurrent therapies is not eliminated. It has to be emphasized, however, 

that these results were obtained in a small cohort (only six patients underwent follow-up 

MRI), and further research has to be conducted to see whether Ktrans value is predictive of 

clinical response. Maximum enhancement and initial slope of increase had moderate correla-

tion with the reference standards. In patients who needed intervention, there was a strong 

correlation with PDAI. This result was likely caused by increased perfusion due to high vas-

cularisation of the inflamed tissue. A previous study5 did not show this correlation, but the 

investigators did not use the same DCE-MRI protocol (which differed in field strength, wheth-

er the images were 2D or 3D, imaging parameters, and whether the whole lesion volume 

instead of a single slice was analyzed). No correlation was found between Ktrans and the refer-

ence standards. This result might have occurred because of deficiencies in the clinical scoring 

systems or because Ktrans is not representative of the severity of inflammation. Other studies 

have shown either an increased Ktrans value in inflamed terminal ileum20 or no correlation in 

comparison with a pathologic inflammatory reference standard21. Ktrans values should there-

fore not be measured as a single value; changes in Ktrans may be more indicative of changes 

in inflamed tissues. A previous study21 also showed that maximum enhancement correlates 

with disease duration and that DCE-MRI parameters do not one on one depict inflammation 

but most likely depict change due to exacerbations and remissions during the disease course. 

In comparisons of the subjective visual MRI parameters T1 enhancement and T2 hyperinten-

sity with the DCE-MRI parameters, an association was found only between the volume of 

enhancing pixels and T1 enhancement. This finding was expected because these two charac-

Table 6: Mean values of clinical parameters, DCE-MRI parameters in patients were an event oc-

curred versus patients were no adverse events occurred

Mean no event (n=8) Mean event (n=7) p-value

PDAI 5.5 10.0 0.072

CRP 10 31 0.054

Maximum enhancement 1.51 2.05 0.054

Initial slope of increase 53 63 0.336

Ktrans 0.489 0.528 0.867

Kep 0.709 0.871 0.189

υe 0.725 0.588 0.463

Volume of enhancing pixels 1.04 6.25 0.029

indicates significant difference

Discussion

Our study is the first, to our knowledge, to provide both quantitative and semiquantitative 

DCE-MRI analysis parameters of fistulas in patients with perianal Crohn disease. Our most 

important finding was that in patients undergoing anti–TNF  therapy, Ktrans values were 

significantly lower 6 weeks after the start of treatment. In addition, maximum enhancement, 

initial slope of increase, and volume of enhancing pixels had a significant, moderate correla-

tion with PDAI and CRP. The quantitative parameters Ktrans, υe, and Kep did not correlate cor-

relate with PDAI, CRP, MRI-based score, or T1 enhancement and T2 hyperintensity. For the 

different curve shapes, only correlations between PDAI and absolute amount of certain curve 

types were found. Relative pixel counts of any of the curve shapes did not correlate with any 

of the reference standards, a finding consistent with results of an earlier study5. DCE-MRI is 

primarily used in cancer studies in which patients undergo treatment with anti-angiogenic 

agents15. Chronic inflammation also causes neoangiogenesis16, and permeability of the vas-

cular endothelium increases. This increased permeability is highlighted by a high Ktrans val-

ue17. Neoangiogenesis and vascular remodelling are often present in patients with Crohn 

disease18, and the TNF  inhibitor infliximab reduces this inflammation-induced angiogenesis 

in Crohn disease patients19. In most clinical studies, fistula closure is an important endpoint. 

Clinical healing occurs before evidence of deep healing can be visualized on MR images8. 
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T1 value of blood cannot be extracted in the Look-Locker sequence because of flow problems, 

and the blood T1 value had to be inserted manually. We chose a T1 of 1700 ms for all of the 

patients, but we are aware that T1 can change according to hematocrit, which is unknown. 

All these uncertainties result in variations in the measured Ktrans that are difficult to esti-

mate. We performed the TIC shape analysis pixel by pixel. Though this model has been found 

robust, it is important to realize that classification depends on arbitrary choices in DCE-MRI 

parameters, such as AIF and noise ratio threshold.

Conclusion

The semiquantitative parameters maximum enhancement and initial slope of increase can 

be used to evaluate disease activity in patients with perianal Crohn disease. The quantitative 

parameter Ktrans may be an indicator of the effect of therapy.

teristics are two aspects of the same effect (the size of the lesion was based on findings on 

contrast-enhanced T1-weighted images). There were no associations between any other pa-

rameters. DCE MRI parameters cannot be interchanged by simple visual assessment. This is 

also evidenced by the fact that T1 enhancement and T2 hyperintensity did not decrease in all 

six patients who underwent follow-up.

A number of study limitations have to be taken into account to understand the validity 

of this study. One is the limited sample size of the cohort, especially the number of patients 

undergoing follow-up MRI. It was not possible to compare clinical response in these patients 

because not all patients continued with anti–TNF  therapy for a whole year (for various rea-

sons, such as pregnancy and side effects). More important, our study did not have a perfect 

reference standard. PDAI is commonly used in these studies but is based on clinical parame-

ters, which are partly made up of the patient’s subjective experience of the disease rather 

than objective inflammatory and anatomic parameters. CRP is the most widely used bio-

chemical marker of inflammation in Crohn disease but is not specific for perianal fistulas and 

can reflect and other inflammatory processes occurring at the time of investigation. The 

MRI-based score is an activity score based on anatomic and inflammatory MRI parameters9. 

Other limitations came from the DCE-MRI technique, and they apply to all studies in which 

this technique is used. The DCE-MRI data can be analyzed with different degrees of complex-

ity, ranging from a simple analysis of the parameters of the TIC (semiquantitative analysis) 

to complex pharmacokinetic modelling (quantitative analysis). Both were used in this study, 

together with a heuristic method of classifying the TIC shapes. The parameters obtained by 

semiquantitative analysis (represented in the study by maximum enhancement and initial 

slope of increase) are completely dependent on the parameters chosen for the MRI examina-

tion and cannot be compared between studies. In this study we were careful to keep the 

imaging protocol the same across the whole study (including not only the same parameters 

but also factors such as injection rate and dosage), trying to minimize the acquisition-related 

variations. The quantitative analysis suffered from a number of problems related to the mod-

el chosen. We used the Tofts model. In this model, contrast agent concentration is the input 

and depends on the choice of the AIF. It is known that the choice of AIF plays a pivotal role in 

modelling and that small variation in AIF can lead to large variations in the calculated pa-

rameters (Ktrans and υe). We chose a patient-dependent AIF because inflow of contrast agent 

depends on variables such as cardiac output, and it therefore may be more reliable than a 

measured patient average11. Still, there are unknowns in the calculation of the AIF. The real 
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Summary of findings/discussion

The work described in this thesis focuses on new imaging techniques in the assessment of 

Crohn’s disease. The first part presents innovations in the imaging of luminal Crohn’s dis-

ease; the second part is about perianal fistulising Crohn’s disease.

Since several years sequences for scanning the abdomen at 3T have become available. In 

chapter 2 we presented an overview of MR imaging of the small and large bowel at 3T, in-

cluding the several common artefacts, namely susceptibility artefacts, B1 artefacts and band-

ing artefacts. We discussed the use of oral contrast agents and faecal tagging. The sequences 

that can be readily used on 3T scanners are single-shot fast spin echo sequences and 3D T1 

weighted gradient echo sequences. Balanced steady state free precession sequences are less 

applicable at 3T, because of the banding artefact induced by the extreme sensitivity of this 

sequence to B0 inhomogeneity. Imaging indications include inflammatory bowel diseases 

and the detection of (precursors of) colorectal cancer. Finally we discussed the use of 3T ver-

sus 1.5T. Although theoretically it would be expected that the signal-to-noise ratio is twice 

as high at 3T, sequence restrictions related to the SAR and artefacts result in a lower gain in 

signal-to-noise ratio.

The problem that many different imaging features for MRI small bowel are currently in use 

for grading disease activity is addressed in chapter 3. We conducted an international ques-

tionnaire among expert radiologists to assess which features they considered important for 

grading disease activity. The features that were mentioned as most important for grading 

were the presence of an abscess, T1 enhancement, T1 stratification and bowel wall thickness. 

The assessment if a certain MRI feature was mandatory for grading was very diverse (from 

4% of respondents for T2 stratification of bowel wall to 79% for bowel wall thickness). Also, 

in cases where the features were used for grading no consensus existed between radiologists 

on the implication of the feature (mild, moderate, severe, chronic or acute disease activity). 

In chapter 4 we assessed the value of several MRI features of luminal disease activity against 

a pathology based reference standard, the acute inflammation score (AIS). MRI features were 

scored by three experienced abdominal radiologists. Bowel wall thickness correlated with 

AIS for all observers (observer 1: correlation 0.452, p=0.004; observer 2: r=0.409 p=0.010; 

List of abbreviations

ADC Apparent Diffusion Coefficient

AIF Arterial Input Function

CDAI Crohn’s disease activity index

CDEIS Crohn’s disease endoscopic index of severity

CRP C-reactive protein

CT Computed Tomography

DCE-MRI Dynamic Contrast-enhanced MRI

FOV Field of View

IBD Inflammatory Bowel Disease

Ktrans Transfer constant between plasma and EES

MRI Magnetic Resonance Imaging

PCDAI Pediatric Crohn’s Disease Activity Index

PDAI Perianal disease activity index

PUCAI Pediatric Ulcerative Colitis Activity Index

ROI Region of interest

SAR Specific Absorption rate

SNR Signal to Noise ratio

TIC Time Intensity Curve

TNF Tumor Necrosis Factor
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Around 40 percent of patients with Crohn’s disease will develop perianal fistulising disease. 

For the monitoring of therapy or the guidance of surgery, imaging with either MRI or en-

doanal ultrasound is the current standard. In chapter 7 we describe an imaging approach 

for perianal fistulising Crohn’s disease with MRI or endoanal ultrasound. We focus on the 

anatomy and etiology and explain the classification systems of perianal fistulas (Parks clas-

sification and St. James University hospital MRI classification) and assess the clinical value 

of CT, fistulography, MRI and endoanal ultrasound in the assessment of perianal fistulas. 

Imaging is recommended in patients with a high likelihood of complex fistulas or recurrent 

disease to reduce recurrence rate. Both endoanal ultrasound and MRI can be used to evaluate 

perianal fistula disease activity but in complex and high tracts MRI seems preferable because 

disease extensity can better be evaluated. 

In chapter 8, we evaluated both quantitative and semi-quantitative DCE-MRI in patients with 

perianal disease and compared this with the currently most often used MRI features T1 en-

hancement, T2 signal intensity, the MRI based score by Van Assche, the clinical score PDAI 

and the laboratory inflammation parameter CRP. T1 enhancement and T2 signal intensity 

were not associated with any of the DCE-MRI parameters. PDAI moderately correlated to 

maximum enhancement (r=0.669; p=0.005) and initial slope of increase (r=0.582; p=0.018) 

and volume of enhancing pixels (r=0.786; p<0.001), but not to Ktrans or υe. Volume of en-

hancing pixels also correlated with CRP and the MRI-based score (r=0.516; p=0.041 and 

r=0.786; p<0.001 respectively). We also assessed DCE-MRI parameters in six patients who 

received a follow-up MRI scan after six weeks of anti-TNF  therapy. In these patients, Ktrans 

values decreased significantly six weeks after starting anti-TNF  therapy (mean Ktrans 0.509 

after therapy start versus 0.320; before therapy; p=0.027). This might be an early indicator 

of therapy response.

observer 3: r=0.469 p=0.003). T1 enhancement did not correlate with AIS, but enhance-

ment did correlate with disease duration (r=0.413, p=0.009). Kappa values were moderate 

to weak for most features. T1 stratification was not present in patients with a low (<3) AIS, 

indicating that this feature is only present in segments that are inflamed. Subjective dis-

ease activity per segment was significantly associated with AIS for all observers (p=0.017, 

p=0.002, and p=0.001).

Grading of severity of disease activity is important in patients with Crohn’s disease to op-

timally determine the treatment strategy and response to treatment. Mild disease activity 

can be detected at colonoscopy as superficial ulcerations of the bowel wall. In chapter 5 we 

evaluated dynamic contrast enhanced (DCE)-MRI in patients with luminal Crohn’s disease 

with the emphasis on the mild ulcerative disease. We found correlations (with continuous 

parameters) or associations (with ordinal parameters) between segmental CDEIS and wall 

thickness (r=0.418, p<0.001), T2 signal intensity (p<0.001), subjective T1 enhancement 

(p<0.001) and maximum enhancement (r=0.485, p<0.001). In addition, maximum enhance-

ment was significantly higher in segments with mild or severe ulcerative disease compared 

to normal mucosa (both p<0.001). At conventional sequences these ulcerations detected 

with DCE-MRI were not observed. Maximum enhancement also correlated with disease dura-

tion in diseased segments (r=0.492, p=0.002).  

In chapter 6 we studied the use of (DCE-)MRI  and abdominal ultrasound for the diagnosis of 

IBD in paediatric patients. To assess both the small and the large bowel, patients ingested 2x 

400ml contrast medium. Because of burden, no rectal contrast medium was administered. 

Sensitivity and specificity were 55% and 100% for ultrasound, and 57% and 75-100% for MR 

entero- and colonography, respectively. Combined MRI and ultrasound had a sensitivity of 

70-74% and a specificity of 80-100%. Cases of IBD that were false negative were either mild 

disease cases or rectal disease. The latter is difficult to assess with imaging because of its 

deep pelvic position or relative low disease activity that does not demonstrate any bowel 

wall changes. With the addition of a DCE-sequence sensitivity increased to 83-87% and speci-

ficity to 80-100%, though this was not significant. Ultrasound and MRI could only distinguish 

between Crohn’s disease and ulcerative colitis when terminal ileum lesions were found. Be-

cause of the low sensitivity ultrasound and MRI are not recommended as first line imaging 

technique for differentiating between Crohn’s disease and ulcerative colitis.   
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Further research should therefore be aimed at therapy response and changes in DCE-MRI 

data over time.  Further investigations also need to establish what processes are the causes 

of T1 enhancement; does T1 enhancement increase when an exacerbation of disease activity 

occurs, is it a continuous process where the perfusion dynamics of the bowel wall are also 

altered by the disease when the patient is in clinical remission? This knowledge can then be 

used for the grading of disease activity: when a bowel segment displays enhancement, one 

can base treatment choices upon the extent of the measured inflammation.

Pharmacokinetic modelling can be performed in luminal Crohn’s disease patients yielding 

physiological parameters for the grading of Crohn’s disease activity. Recent papers discuss 

the ability of Ktrans to detect disease activity in Crohn’s disease patients4,5. Next step would 

be to evaluate if Ktrans is a marker for the sensitivity of the treatment efficacy of anti-TNF  in-

hibitors that are currently applied in clinical trials. These parameters should be determined.  

However, the results of the pharmacokinetic model depend on several parameters that are 

imputed in the model such as arterial input function, T1 of blood and hematocrit of the cap-

illary vessels, which are unknown values and therefore must be estimated. The estimated 

values of these parameters are not uniform between different published studies. To perform 

pharmacokinetic modelling in luminal Crohn’s disease, consensus should be reached which 

models are used to make results more comparable between studies. A semi-quantitative 

model, as is used in this thesis, does not incorporate any unknown values and is thus more 

comparable between studies. 

Ultrasound and MRI in paediatric patients

Current imaging techniques - either ultrasound or MRI - are not recommended to be used 

as a first diagnostic step to diagnose IBD because sensitivity is still too low to detect IBD 

especially in patients with mild disease or rectal disease. A separate oral preparation for 

the large bowel combined with the normal small bowel preparation can be considered in 

these patients to increase sensitivity. Ileocolonoscopy combined with upper gastrointestinal 

endoscopy, which combine visual inspection of the ileum and colon with histologic examina-

tion, remain the reference standard.  

Perianal Crohn’s disease

MRI is now used to assess deep healing of perianal fistulas because clinical fistula closure 

does not necessarily imply that the track is healed. In clinically closed tracks activity may 

Conclusions and implications

Current use of MRI features for the assessment of Crohn’s disease.

Multiple features are currently used in clinical practice for the evaluation of Crohn’s disease 

activity such as: wall thickness, T1 wall enhancement and stratification and the presence of 

an abscess. Other features, for instance, T2 signal intensity/stratification, presence/enhance-

ment of lymphnodes, comb sign are used by some radiologists while others do not assess 

that particular feature at all, which creates variations in evaluation of the same MR exam. 

Moreover, the features that are used by the majority of radiologists are prone to a high in-

terobserver variability. The development of an international guideline on the evaluation of 

MR enterography or enteroclysis exams will partly solve this problem. Several scoring sys-

tems, such as the Magnetic Resonance Index of Activity (MaRIA) and Crohn’s Disease Activity 

(CDA) score1–3, have recently been developed and are being validated several institutions. The 

remainder of this dilemma may be resolved by the development of more objective assess-

ment features, such as DCE-MRI.

Clinical applicability of DCE-MRI in Crohn’s disease

DCE-MRI in its current form can be used as an addition to conventional sequences with the 

specific purpose to detect mild disease activity. As sensitivity of conventional MRI sequences 

is already high for detecting severe disease activity, DCE-MRI is not of additional value in 

these specific patients. A benefit of DCE-parameters is that they offer objective parameters 

derived from automated analyses, compared to the traditionally used parameters that are 

subjective.  

There are some remaining limitations that lower the clinical applicability of DCE-MRI in 

Crohn’s disease. For instance, the sequence takes more time to perform than currently used 

MRI sequences (up to 10 minutes versus several breath holds). The DCE-MRI data needs of-

fline post processing (registration of the data and calculation of the maximum enhancement 

and other DCE-MRI parameters), which takes approximately 15 minutes per patient. Auto-

matic post-processing and subsequent transfer to the radiology PACS system of the DCE data 

would increase its clinical applicability. Ideally the radiologist should analyse the DCE data 

in concurrence with assessments of the conventional MRI sequences. This would also enable 

comparisons of DCE data between studies. 

Relations between disease duration and maximum enhancement have been recognised, 

suggesting that prolonged inflammation may alter perfusion dynamics of the bowel wall4. 
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still be seen at MRI indicating a track that most likely will open again after therapy is dis-

continued. DCE-MRI can aid in the disease evaluation of perianal disease activity as it shows 

moderate correlations with PDAI and CRP. Main limitation is the fact that there is no perfect 

reference standard available for perianal fistula disease activity. The PDAI includes subjective 

clinical parameters and is subjective to interobserver variability. CRP is a highly sensitive 

marker for inflammation, but not specific for perianal disease activity and is less sensitive 

in patients with prolonged disease activity. The MRI score by Van Assche et al. is now often 

used as a reference standard in clinical trials. This score is partially anatomy based and does 

not include T1 enhancement. As in luminal Crohn’s disease future research should focus on 

the development of DCE-parameters over time. In this thesis, only six patients were scanned 

for a second time after commencement of therapy. All these patients demonstrated some de-

crease in Ktrans values after these six weeks. This decrease should be compared with clinical 

response to the of anti-TNF  therapy. 

In conclusion, this thesis demonstrates that:

1. The DCE-MRI parameter maximum enhancement is dependant on both active inflamma-

tion and disease duration.

2. Measured bowel wall thickness on MRI is a reliable marker of disease activity in Crohn’s 

disease patients. 

3. Endoscopy remains the method of primary assessment of IBD in paediatric patients.

4. DCE-MRI can be used to evaluate disease activity in perianal Crohn’s disease patients 

and is a possible marker of therapy response.
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van luminale ziekteactiviteit vergeleken met een op pathologie gebaseerde referentie stan-

daard, de acute inflammatie score (AIS). MRI beeldvormingskenmerken werden gescoord 

door drie ervaren abdominale radiologen. Darmwanddikte was gecorreleerd met de AIS bij 

alle observers (observer 1: correlatie 0,452, p = 0,004; observer 2: r = 0,409 p = 0,010; ob-

server 3: r = 0,469 p = 0,003). T1 aankleuring was niet gecorreleerd met AIS, maar aankleu-

ring was wel gecorreleerd met ziekteduur (r = 0,413, p = 0,009). Kappa waarden waren 

matig tot zwak voor de meeste beeldvormingskenmerken. T1 stratificatie was niet aanwezig 

bij patiënten met een lage (<3) AIS, wat aangeeft dat deze feature wellicht alleen aanwezig 

is in segmenten die ontstoken zijn. Subjectieve ziekteactiviteit per segment was significant 

geassocieerd met AIS voor alle observers (p = 0,017, p = 0,002 en p = 0,001).

Gradering van de ernst van ziekteactiviteit is belangrijk bij patiënten met de ziekte van 

Crohn voor het optimaal bepalen van de behandeling en therapierespons. Milde ziekte 

activi teit kan worden gedetecteerd met coloscopie als oppervlakkige ulceraties in de darm-

wand. In hoofdstuk 5 hebben we onderzocht of dynamic contrast-enhanced (DCE)-MRI 

toe pasbaar is bij patiënten met de luminale ziekte van Crohn, met de nadruk op de milde 

ziekteactivi teit. We vonden correlaties (met continue parameters) of associaties (met ordi-

nale para meters) tussen de segmentele CDEIS en wanddikte (r = 0,418, p <0,001), T2 sig-

naal intensiteit (p <0,001), subjectieve T1 aankleuring (p <0,001) en maximale aankleuring 

(r = 0,485, p <0,001). Bovendien was maximale aankleuring significant hoger in segmenten 

met milde of ernstige ziekteactiviteit in vergelijking met normale mucosa (beide p <0,001). 

Op de standaard MRI sequenties werden deze ulceraties, gedetecteerd met DCE-MRI, niet 

waargenomen. maximale aankleuring was ook gecorreleerd met ziekteduur in segmenten 

met ziekteactiviteit (r = 0,492, p = 0,002).

In hoofdstuk 6 hebben we het gebruik van (DCE-)MRI en abdominale echografie voor de di-

agnose van IBD bij pediatrische patiënten onderzocht. Om zowel de dunne als de dikke darm 

te beoordelen dronken de patiënten twee keer 400ml contrastmiddel. Vanwege de belasting 

werd er geen rectaal contrastmiddel toegediend. Sensitiviteit en specificiteit waren 55% en 

100% voor echografie en 57% en 75-100% voor de entero- en colografie respectievelijk. Ge-

combineerde MRI en echografie had een sensitiviteit van 70 tot 74% en een specificiteit van 

80-100%. Foutnegatieve cases van IBD waren ofwel gevallen van milde ziekteactiviteit of 

ziekteactiviteit gelokaliseerd in het rectum. Dit laatste is moeilijk te beoordelen met beeld-

Samenvatting/discussie

Het werk beschreven in dit proefschrift richt zich op nieuwe beeldvormende technieken voor 

de evaluatie van de ziekte van Crohn. Het eerste deel behelst innovaties in de beeldvorming 

van luminale ziekte van Crohn, het tweede deel gaat over perianale ziekte van Crohn.

Sinds enkele jaren zijn er sequenties beschikbaar die het scannen van het abdomen op 3T 

mogelijk maken. In hoofdstuk 2 hebben we een overzicht gegeven over beeldvorming mid-

dels MRI van de dunne en dikke darm bij 3T, met inbegrip van de verschillende artefacten, 

namelijk susceptibiliteitsartefacten, B1 artefacten en banding artefacten. Het gebruik van 

orale contrastmiddelen en ‘fecal tagging’ werd besproken. De sequenties die gemakkelijk 

kunnen worden overgenomen op 3T scanners zijn single-shot fast spin echo sequenties en 

3D T1 gewogen gradiënt echo sequenties. Balanced steady state free precession sequenties 

zijn minder van toepassing bij 3T, vanwege de banding artefacten die veroorzaakt worden 

door de extreme gevoeligheid van deze sequentie voor B0 inhomogeniteit. Indicaties voor 

beeldvorming zijn inflammatoire darmziekten en de detectie van (voorlopers van) darm-

kanker. Tot slot bespraken we het verschil tussen 3T en 1.5T. Hoewel theoretisch verwacht 

zou worden dat de signaal-ruisverhouding tweemaal zo hoog is bij 3T, resulteren beperkin-

gen in de sequenties met betrekking tot de specifieke absorptie rate (SAR) en artefacten in 

een lagere winst in signaal-ruisverhouding.

Het probleem dat er momenteel veel verschillende beeldvormingskenmerken voor het gra-

deren van ziekte activiteit op MRI dunne darm in gebruik zijn wordt behandeld in hoofdstuk 

3. Wij hebben een internationale enquête onder deskundige radiologen verricht over welke 

beeldvormingskenmerken zij van belang vinden voor het graderen van ziekteactiviteit. De 

beeldvormingskenmerken die zij aangaven als belangrijkste voor het graderen waren de aan-

wezigheid van een abces, T1 aankleuring, T1 stratificatie en darmwanddikte. De beoordeling 

of een bepaalde MRI feature noodzakelijk was voor het graderen was zeer divers (van 4% van 

de respondenten voor T2 stratificatie van de darmwand tot 79% voor de darmwanddikte). 

Er was ook geen consensus tussen radiologen over wat de implicaties voor ziekteactiviteit 

waren (lichte, matige, ernstige, chronische of acute ziekte activiteit) wanneer een bepaalde 

feature werd gebruikt.

In hoofdstuk 4 onderzochten we de waarde van verschillende MRI beeldvormingskenmerken 
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Conclusies en implicaties

Huidig gebruik van MRI beeldvormingskenmerken voor het graderen van ziekte van Crohn.

Meerdere beeldvormingskenmerken worden momenteel in de klinische praktijk gebruikt 

voor de evaluatie van ziekteactiviteit van de ziekte van Crohn, zoals wanddikte, T1 aankleur-

ing, T1 stratificatie en de aanwezigheid van een abces. Andere kenmerken, zoals T2 signaal 

intensiteit, stratificatie, aanwezigheid of aankleuring van lymfeklieren en comb sign worden 

gebruikt door sommige radiologen terwijl anderen überhaupt niet naar deze beeldvorming-

skenmerken kijken. Dit zorgt voor een verschil in gradering van hetzelfde MRI onderzoek 

door verschillende radiologen. Bovendien hebben de beeldvormingskenmerken die worden 

gebruikt door de meeste radiologen een hoge interobserver variabiliteit. De ontwikkeling 

van een internationale richtlijn voor de evaluatie van de MR enterografie of enteroclyse 

zal voor een deel dit probleem oplossen. Verschillende scoringssystemen, zoals de Magne-

tische Resonantie Index van activiteit (MaRIA) en de ziekte van Crohn Disease Activity (CDA) 

score1-3, zijn recent ontwikkeld en worden momenteel gevalideerd door meerdere instellin-

gen. De rest van dit probleem kan mogelijk worden opgelost door de ontwikkeling van meer 

objectieve beeldvormingskenmerken, zoals DCE-MRI.

Klinische toepasbaarheid van DCE-MRI bij de ziekte van Crohn

DCE-MRI kan in zijn huidige vorm worden gebruikt als aanvulling op de standaard sequen-

ties met als specifiek doel milde ziekteactiviteit te detecteren. De sensitiviteit van de stan-

daard MRI sequenties is al hoog voor het detecteren van ernstige ziekteactiviteit, dus DCE-

MRI is niet van toegevoegde waarde in deze specifieke patiëntengroep. Een voordeel van 

DCE-parameters is dat ze objectieve parameters afgeleid van geautomatiseerde analyses 

zijn, vergeleken met de traditioneel gebruikte parameters die subjectief zijn.

Er zijn enkele beperkingen voor de klinische toepasbaarheid van DCE-MRI bij ziekte van 

Crohn. De sequentie neemt meer tijd in beslag dan het standaard MRI protocol (tot 10 mi-

nuten versus meerdere ademstilstanden). De DCE-MRI data moet offline worden geanaly-

seerd (registratie van de data en de berekening van de ME en andere DCE-MRI parameters). 

Dit neemt ongeveer 15 minuten in beslag per patiënt. De klinische toepasbaarheid zou ver-

hoogd worden met automatische postprocessing en overdracht naar het radiologie PACS-

systeem van de DCE gegevens. Idealiter zou de radioloog de DCE-data kunnen beoordelen 

tegelijk met de beoordeling van de standaard MRI sequenties. Dit zou ook ten goede komen 

aan de vergelijking van DCE-data tussen verschillende studies.

vorming vanwege de diepe positie van structuren in het bekken of vanwege milde ziekte-

activiteit die niet leidt tot veranderingen van de darmwand. Met de toevoeging van een DCE-

sequentie werd de sensitiviteit verhoogd tot 83-87% en een specificiteit tot 80-100%, maar 

dit was niet significant. Echografie en MRI konden alleen differentiëren tussen de ziekte van 

Crohn en colitis ulcerosa bij patiënten waar laesies in het terminale ileum werden gevonden. 

Vanwege de lage sensitiviteit worden echografie en MRI niet aanbevolen als primaire beeld-

vormende techniek voor het onderscheid tussen de ziekte van Crohn en colitis ulcerosa.

Bij ongeveer 40 procent van de patiënten met de ziekte van Crohn zal zich een perianale 

fistel ontwikkelen. Voor de controle van de behandeling of de begeleiding van de operatie, 

is beeldvorming met MRI of endoanale echografie de huidige standaard. In hoofdstuk 7 be-

schrijven we een beeldvormingsbenadering met MRI of endoanale echografie voor perianale 

fistels bij Crohn. Wij richten ons op de anatomie en etiologie en geven uitleg over de clas-

sificatiesystemen van perianale fistels (Parks classificatie en St. James University hospital 

MRI-classificatie) en het beoordelen van de klinische waarde van CT, fistulografie, MRI en 

endoanale echografie bij de beoordeling van perianale fistels. Beeldvorming van fistels wordt 

aanbevolen bij patiënten met een hoge kans op complexe fistels of een recidief fistel, omdat 

dit de kans op een nieuw recidief verkleint. Zowel endoanale echografie als MRI kan worden 

gebruikt om perianale fistel ziekteactiviteit evalueren maar bij complexe fistels en fistels met 

hoge takken verdient MRI de voorkeur omdat ziekte extensie beter beoordeeld kan worden.

In hoofdstuk 8 evalueerden we zowel kwantitatieve en semi-kwantitatieve DCE-MRI bij 

patiënten met perianale ziekte en vergeleken dit met de huidige meest gebruikte MRI beeld-

vormingskenmerken T1 aankleuring, T2 signaal intensiteit, de MRI-based score van Van As-

sche, de klinische score PDAI en de ontstekingsparameter CRP. T1 aankleuring en T2 signaal-

intensiteit waren niet geassocieerd met een van de DCE-MRI parameters. PDAI was matig 

gecorreleerd met maximale aankleuring (r = 0,669, p = 0,005) en helling van de curve 

(r = 0,582, p = 0,018) en het volume van de aankleurende pixels (r = 0,786, p <0,001), maar 

niet Ktrans of υe. Het volume van aankleurende pixels was ook gecorreleerd met CRP en de 

MRI-based score (respectievelijk r = 0,516, p = 0,041 en r = 0,786, p <0,001). We hebben ook 

DCE-MRI parameters onderzocht bij zes patiënten die een follow-up MRI-scan na zes weken 

van anti-TNF therapie kregen. Bij deze patiënten waren Ktrans waarden aanzienlijk gedaald zes 

weken na het starten van anti-TNF therapie (gemiddelde Ktrans 0,509 na therapie  versus 0,320 

voor behandeling, p = 0,027). Dit kan een vroege indicator van therapie respons zijn.
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Perianale ziekte van Crohn

MRI wordt nu gebruikt om diepe genezing van perianale fistels beoordelen, omdat als een 

fistel klinisch gesloten is, dit niet noodzakelijkerwijs inhoudt dat de fistelgang is genezen. 

Fistelgangen die klinisch gesloten zijn, maar waarbij op MRI nog steeds ziekteactiviteit zich-

tbaar is, zullen meest waarschijnlijk weer openen als de therapie wordt gestaakt. Er waren 

redelijke correlaties van DCE-MRI met PDAI en CRP, op basis waarvan DCE-MRI zou kunnen 

helpen bij de ziekte evaluatie van perianale ziekteactiviteit. De voornaamste beperking is dat 

er geen perfecte referentiestandaard voor perianale ziekteactiviteit is. De PDAI omvat sub-

jectieve klinische parameters en is subjectief aan interobserver variabiliteit. CRP is een zeer 

gevoelige marker voor ontsteking, maar is niet specifiek voor perianale ziekteactiviteit en is 

minder gevoelig bij patiënten met een langdurige ziekteactiviteit. De MRI-score door Van As-

sche et al. wordt nu vaak gebruikt als een referentiestandaard in klinische trials. Deze score 

is gedeeltelijk op anatomie gebaseerd en bevat geen T1 aankleuringsparameters. Zoals ook 

bij luminale ziekte van Crohn moet toekomstig onderzoek zich richten op de ontwikkeling 

van DCE-parameters in tijd. In dit proefschrift werden slechts zes patiënten voor een tweede 

keer gescand na aanvang van therapie. Al deze patiënten vertoonden enige afname in Ktrans 

waarden na zes weken. Deze daling moet worden vergeleken met de klinische respons op 

anti-TNF  therapie.

Concluderend toont dit proefschrift aan dat:

1. De DCE-MRI parameter maximale aankleuring afhankelijk is van zowel actieve ontstek-

ing als ziekteduur.

2. Gemeten darmwanddikte op MRI een betrouwbare marker is voor ziekteactiviteit bij de 

ziekte van Crohn.

3. Endoscopie blijft de eerste keuze voor eerste beoordeling van IBD bij pediatrische 

patiënten.

4. DCE-MRI kan worden gebruikt om ziekteactiviteit bij perianale ziekte van Crohn te eval-

ueren en is een mogelijke marker van therapie respons.

Een verband tussen ziekteduur en maximale aankleuring werd aangetoond, wat sug-

gereert dat langdurige ontsteking de perfusie dynamiek van de darmwand kan wijzigen4. 

Verder onderzoek moet worden gericht op therapierespons en veranderingen van DCE-MRI 

data in de tijd. Ook moet vastgesteld worden welke processen het zijn die T1 aankleuring ex-

act veroorzaken; neemt T1 aankleuring toe wanneer een verergering van de ziekteactiviteit 

plaatsvindt, of is het een continu proces waarbij de perfusiedynamiek van de darmwand ook 

verandert door de ziekte bij de patiënt in klinische remissie? Deze kennis kan dan worden 

gebruikt voor het graderen van ziekteactiviteit: wanneer een darmsegment aankleuring ver-

toont, kan behandeling worden gebaseerd op de gemeten ontsteking.

Pharmacokinetische modellering kan worden toegepast bij luminale ziekte van Crohn 

waardoor fysiologische parameters voor de gradering van ziekteactiviteit worden gecreëerd. 

In recente literatuur wordt het vermogen van Ktrans om ziekteactiviteit te detecteren bij 

patiënten met de ziekte van Crohn beschreven4,5. Een volgende stap zou zijn om te beoordel-

en of Ktrans een marker voor de werkzaamheid van anti-TNF  remmers, die momenteel wor-

den toegepast in klinische trials, zou kunnen zijn. De resultaten van de farmacokinetiek zijn 

afhankelijk van verschillende parameters die in het model worden gebruikt zoals arterial 

input function, T1 van bloed en hematocriet van de capillaire vaten die onbekend zijn en 

derhalve moeten worden geschat. De geschatte waarden van deze parameters niet uniform 

tussen verschillende gepubliceerde studies. Om pharmacokinetische modellering bij de lu-

minale ziekte van Crohn uit te voeren, moet consensus worden bereikt over welke modellen 

worden gebruikt om de resultaten beter vergelijkbaar te maken tussen studies. Een semi-

kwantitatief model, zoals gebruikt in dit proefschrift, behelst geen onbekende waarden en is 

dus meer vergelijkbaar tussen studies.

Echografie en MRI bij pediatrische patiënten

Huidige beeldvormingtechnieken - hetzij echografie of MRI – kunnen niet gebruikt te wor-

den als een eerste diagnostische stap om IBD diagnosticeren omdat de sensitiviteit nog te 

laag is. Dit geldt in het bijzonder bij patiënten met milde ziekte of rectale ziekte. Een apart 

oraal contrastmiddel voor de dikke darm in combinatie met normale dunne darm voorbere-

iding kan worden overwogen bij patiënten om de sensitiviteit te verhogen. Ileocolonoscopie 

samen met gastroscopie, die visueel onderzoek van de darm met histologie combineren, 

blijven de huidige referentiestandaard.
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Dankwoord

Vele mensen hebben geholpen met de totstandkoming van dit proefschrift. Naast alle 

patiënten die hebben deelgenomen met een van de studies wil ik graag een aantal mensen 

persoonlijk bedanken. 

Allereerst mijn promotor, Prof. Dr. J. Stoker, beste Jaap, ik ben niet de eerste (en zal zeker de 

laatste niet zijn) die bewondering heeft voor jouw gedrevenheid en werklust. Ondanks jouw  

expanderende onderzoeksgroep weet je altijd tijd te maken voor goede begeleiding. Dit, in 

combinatie met het feit dat je bij tegenslagen een goede motivator bent maken je een zeer 

goede promotor.    

Mijn co-promotoren, Dr. Ir. A.J. Nederveen en Dr. C.Y. Ponsioen.

Beste Aart, ondanks jouw toenemende hoeveelheid onderzoekers en dus drukke schema 

maak je altijd tijd vrij om te overleggen, nieuwe ideeën aan te dragen en het overzicht te 

bewaren. Ik denk dat er nog grote wetenschapsuccessen voor je in het vooruitzicht liggen.

Beste Cyriel, ik ben onder de indruk van je bevlogenheid voor patiëntenzorg en hoe je dat 

combineert met het verrichten van wetenschappelijk onderzoek. Jij zorgde dat ik mij wel-

kom voelde in de IBD-onderzoeksgroep. Bedankt voor je inzet bij mijn onderzoeksprojecten. 

Dr. C. Lavini, beste Cristina, bedankt voor al je hulp bij de DCE analyses. Je bent uniek in je 

kennis over de DCE-MRI. Ik hoop dat dit onderzoekspad nog verder uitgebreid en toegepast 

kan worden in de toekomst.

De leden van mijn promotiecommissie: Prof. Dr. J.S. Laméris, Prof. Dr. M.A. Benninga, Dr. U.A. 

van der Heide, Prof. Dr. R.G.H. Beets-Tan, Dr. C.J. van der Woude, Prof. Dr. G.R.A.M. D’Haens. 

U allen bedankt dat u bereidt bent zitting te nemen in mijn promotiecommissie en voor de 

kritische beoordeling van mijn proefschrift. 

Mijn mede-auteurs van de artikelen in dit proefschrift: Richelle Felt-Bersma, Pieter Stokkers, 

Patrick Bossuyt, Joris Roelofs, bedankt voor jullie inzet en hulp bij het opzetten en kritisch 

meedenken bij het schrijven van de artikelen.  

Anje Spijkerboer, Yung Nio, Banafsche Mearadji en Marc Engelbrecht, abdominaal radiologen, 

bedankt voor jullie inzet bij het scoren van mijn studies.
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Lieve Marjo, we hebben het heel gezellig gehad in onze cubicle en al die uren oefenen op 

Gold komen zeker van pas onze verdere carrieres. Helaas hebben we je moeten afstaan aan 

de chirurgie maar denk dat je daar zeer goed op je plaats bent.

Bram Coolen, bedankt voor je hulp bij het scannen van de cover en achterkant van mijn 

proefschrift.

Lieve Annemiek, je bent een eigenzinnig en heb een eigen stijl, blijf vooral altijd jezelf. Lieve 

Annemarie, je bent optimistisch en echte doorzetter, ik geniet van je tagines en andere kook-
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Figures chapter 2

Figure 1. Transverse 

SSFSE image shows 

large B1-inhomoge-

neity artifact (drop 

in signal intensity; 

arrows).

Figure 2. B-SSFP scan of a patient (left) and a combined image (right) with different 

phase cycling, i.e. in each acquisition the location of the banding pattern changes. Pa-

tient preparation consisted of fasting for 4 hours before the scan followed by drinking 

1600 ml mannitol 2.5% in 1 hour before the scan. Scan parameters were: TR/TE=5.4/1.8 

ms, FA=40º; 20 sagittal slices; FOV=350×350 mm; voxel size=2.0×2.0×2.0 mm. Cour-

tesy Sonia I. Gonçalves, AMC, Amsterdam, The Netherlands.

Figure 3a: Dark lumen MR colonography in a 64-year-old patient. Rectal CO2 insuffla-

tion was used to distend the colon and faecal tagging with an iodinated contrast agent 

was used to homogeneously label the stool. The coronal 3D T1-weighted gradient echo 

sequence shows a dark colonic lumen.

3b. Bright lumen MR colonography in a 62-year-old male patient. The colon was dis-

tended by an oral contrast agent that contained 10 mL gadolinium (0.5 mmol/mL) and 

rectal administration with a mixture of water and gadolinium-based contrast agent 

(10mmol/L). The coronal 3D T1-weighted fast field echo sequence demonstrates high 

signal intensity of the colonic lumen.

Figure 4. Bright lumen MR colonography with supine (A) and prone (B) positioning. The 

transverse 3D T1-weighted fast field echo demonstrates that the stool is affected by 

gravity as the patient changes position; supine and prone.
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Figure 5. Dark lumen MR colonography in a 60-year-old male patient. 

 5 a. Coronal 3D T1-weighted gradient echo 

image in supine position. The transverse 

colon is well distended.

 5 b. This is contrary to the coronal 3D 

T1 weighted image in prone position 

where the colon is not well distended. 

Figure 6. Dark lumen MR colonography in 79-year-old female patient with symptoms of ab-

dominal pain and weight loss. CO2 insufflation was used for colonic distension and an iodin-

ated oral contrast agent was used for faecal tagging. 

6 a. Coronal 3D T1-weighted gradient echo se-

quence with fat saturation after intravenously 

administered paramagnetic contrast agent 

demonstrates a polyp in the sigmoid (arrow). 

6 b. The presence of a hyperplas-

tic polyp of 12mm was con-

firmed at conventional colono-

scopy and pathology.

Figure 7. Coronal 3D T1-weighted gradient echo, dark lumen MR colonography, in 79-year-old 

female patient with symptoms of abdominal pain and weight loss. 

7a and 7b. Coronal T1-weighted image with fat saturation demonstrates two sessile 

polyps in the sigmoid close to each other. 

7 c. Both polyps were confirmed at conventional colonoscopy, the size 

was 4 and 5mm, respectively. Histopathology demonstrated one 

hyperplastic polyp and one adenoma with low-grade dysplasia.   
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Figure 8. 3T scan versus 1.5T scan of female Crohn’s disease patient.

8 a. Coronal 3T T2-weighted SSFSE im-

age shows thickened terminal ileum 

(arrows), with a large ulceration 

(curved arrow).

8 b. Coronal 3T T1-weighted gradient echo im-

age with fat suppression after intravenous 

contrast shows strati fied enhancement: en-

hancing serosa and (sub)mucosa (arrows) of 

the ileal loop, indicating inflammation.

Follow-up 1.5T scan of the same patient after 8 months of Infliximab therapy. 

8 c. Coronal b-SSFP image with fat satura-

tion at 1.5T shows thickened bowel wall 

(arrow) and the presence of the comb 

sign (open arrow).

8 d. Coronal T1-weighted gradient echo 

 image with fat saturation at 1.5T shows 

homogeneous enhancing bowel wall (ar-

row).

 

Figure 9. 47-year-old female patient with Crohn’s disease. 

9 a. Coronal SSFSE image at 3T shows thick-

ened terminal ileum. The wall is two-

layered (arrow), a hypointense mucosa, 

submucosa and a hyperintense muscula-

ris, which is caused either by edema or 

intramural fat.

9 b. Coronal T1-weighted gradient echo 

image with fat saturation after intrave-

nous contrast shows a layered appear-

ance of the bowel wall (arrow) with en-

hancement of (sub)mucosa and serosa, 

which indicates inflammation.

Figure 10. Female 

27-year-old patient with 

Crohn’s disease. Trans-

verse SSFSE image with 

fat saturation shows a 

thickened terminal il-

eum with an ulceration 

(arrow). 
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Figure 11. Coronal T1-

weighted gradient echo 

image at 3T with fat satu-

ration shows two enlarged 

lymph nodes (arrows). Also 

a thickened pre-terminal 

ileum loop is visible (open 

arrow).

Figure 12. Patient with 

Crohn’s disease. Coronal 

T1-weighted gradient echo 

image after intravenous 

contrast with fat satura-

tion shows a fistula be-

tween two ileal loops (ar-

row). 

Figures chapter 3

Figure 1: Importance of MRI features. Range: 1 not important, 10 very important. 

Medians with Inter Quartile ranges are given. 
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Figure 2: Percentage of respondents with thought the MRI feature was mandatory. 

Features are presented in order of most often used to least often used (highest above).

Figure 3: Implications for disease activity per MRI feature. Y-axis: Percentage of respon-

dents that indicated the type of disease activity. The MRI features are displayed in order 

of the most often used for grading (highest above).

Figures chapter 4 

Figure 1: Distribution of AIS.

Figure 2: Forty-seven-year-old female patient with Crohn’s disease.

2 A. Coronal true-FISP image shows 

thickened ileal wall (arrow).

2 B. Coronal VIBE image after intravenous 

contrast shows homogeneous enhancement 

(type D) of the ileal wall. 
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2 C. Histologic section through the ileum. 

Microscopic view shows mucosal ulcer-

ation (arrows), inflammation AIS: 11. (He-

matoxylin-eosin stain; original magnifica-

tion, 20x.)

Figure 3: Twenty-seven-year-old female patient with Crohn’s disease.

3 A. Transverse true-FISP 

image shows thicken-

ing of the ileal wall (ar-

row).

3 B. Transverse VIBE im-

age shows enhance-

ment of the mucosa 

(type B) of the ileal wall 

(arrow).

3 C. Macroscopic picture of the right-sid-

ed hemicolectomy resection of this pa-

tient. There is an ileal stenosis (open 

arrows), the wall is thickened. The il-

eum is surrounded by fat, which has 

crept up around the ileal wall.

3 D. Transverse ultra fast gradient echo image of the same patient shows 3-layered 

(type A) enhancement of the cecum (arrow).

3 E. Histologic section through the colon. Mi-

croscopic view shows large mucosal ulcer-

ation (arrows) and a lymphoid aggregate 

(clustering of lymphocytes) (open arrow). 

AIS: 9. (Hematoxylin-eosin stain; original 

magnification, 20x.)
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Figure 4: correlation disease chronicity and enhancement ratio.

Figures chapter 5

Figure 1. Female patient with Crohn’s disease. Superficial ulcerations (mild ulcerative dis-

ease) in the terminal ileum at ileocolonoscopy. 

1 A. Post contrast 3D T1-weighted spoiled 

gradient echo image shows inflamed 

terminal ileum with homogeneous hy-

perenhancement and thickened bowel 

wall. 

1 B. ROIs of bowel segments drawn on 

DCE MRI sequence (red= terminal ileum, 

green=coecum and ascending colon, 

blue= transverse colon, yellow= de-

scending and sigmoid colon).

1 C. Maximum enhancement map shows 

high enhancement (red colour) of termi-

nal ileum. 

1 D. Shape map shows a relative high number 

of type 3 pixels in inflamed terminal ileum. 

A

C

B

D
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1 E. Example of mean TIC of the terminal ileum in this patient used for determining max-

imum enhancement and initial slope of increase. Maximum enhancement=maximum 

signal difference/signal baseline. 

Figure 2. Classification of TICs. Type 1 (gray): no enhancement; Type 2 (green): slow 

enhancement, maximum of the curve is reached after half scan; Type 3 (blue): quick 

enhancement, followed by a signal plateau; Type 4 (magenta): fast enhancement and 

quick washout; Type 5 (yellow): quick enhancement, followed by a slow constant en-

hancement; Type 6 (red): artery; Type 7 (white/light gray): all others.

Figure 3. Scatterplots. 

3 A. Scatterplot of wall thickness and CDEIS per segment shows correlation of r=0.418 

(p<0.001). Data is somewhat skewed due to many segments with no disease activity. 

3 B. Scatterplot of maximum enhancement and CDEIS per segment shows a correlation 

of r=0.485 (p<0.001).
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Figure 4. Box plots of (DCE-)MRI values (median with IQR) for the four disease severity groups.

4 A. Enhancement ratio. No 

significant differences in 

enhancement ratios.

4 B. Mural signal intensity SS-

FSE ratio. No significant dif-

ferences between groups. 

4 C. Maximum enhance-

ment (ME). There was a 

significant difference in 

maximum enhancement 

between the normal mu-

cosa and superficial ul-

cerations group and the 

normal mucosa and deep 

ulcerations group.

4 D. Initial slope of increase 

(ISI). There was no signifi-

cant difference between 

the groups, although a 

trend was observed that 

initial slope of increase 

increased with disease 

severity.

 

4 E. Wall thickness. There was 

a significant difference be-

tween the mild ulcerative 

disease group and normal 

mucosa group.
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Figure 5. Female 28 year old patient who previously underwent a ileocoecal resection. Colo-

noscopy showed superficial ulcerations of the neoterminal ileum. 

5 A. Coronal SSFSE im-

ages shows a wall 

thickness of 3mm in 

the neoterminal ileum 

(arrow). 

5 B. Axial post contrast 

3D SGE image shows 

mild enhancement of 

the neoterminal ileum 

(arrow).

Figure 6. Female patient with severe ulcerations in the transverse and ascending colon at 

colonoscopy. 

6 A. Axial SSFSE image shows a wall thickness of 3mm in the transverse colon (arrow 

head). 

6 B. Axial post contrast 3D SGE image shows moderate enhancement of the transverse 

and ascending colon (arrow heads).
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Figure 7. Illustration of the gating and registration procedure. A. One time slice of a 

single subject. This slice, averaged over time before (B) and after (C) gating and registra-

tion, with a space-time plot along the brown (B-t) and yellow (C-t) bars. 

7 D. The Sum of Squared Differences (SSD) with respect to the center volume, with an 

inset, showing that volumes in expiration were automatically selected. The breathing 

pattern can be identified by the oscillating pattern in Figure 7:B-t. The time averaged 

slice after registration shows a clear improvement in contrast. On average, one out of 

five volumes was selected, resulting in an effective time resolution of 4 seconds.

Figures chapter 6

Figure 1. ROC graph depicting the sensitivity and specificity of the different (combina-

tions of) modalities.
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Figure 2. 16 year old male patient with Crohn’s disease. At colonoscopy swelling, deep ulcer-

ation were seen in the terminal ileum and cecum. MR entero- and colonography and ultra-

sound both diagnosed Crohn’s disease. 

2 A+B. axial and coronal T2w SSFSE image with fat saturation shows thickened bowel 

wall (6 mm both observers, arrow) with high signal intensity of the terminal ileum 

indication edema in the wall. 

2 C. Axial T1 weighted SPE image shows layered en-

hancement (arrow). 

2 D. Ultrasound shows thickened terminal 

ileum of 3.4 cm.

Figure 3. 16 year old female patient with ulcerative colitis. Mild lesions in ascending colon, 

transverse colon, descending colon and rectum. Severe lesions in ascending colon. Based on 

MR entero- and colonography both observers diagnosed as no IBD, but IBD was diagnosed 

with ultrasound. 

3 A. Endoscopy shows ulcerations in 

the ascending colon. 

2 E. Endoscopy shows deep ulcerations in the 

cecum.
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3 B. Coronal T2 weighted images shows no 

apparent thickened bowel wall (<3mm). 
3 C. Contrast enhanced T1-weighted se-

quence shows no enhancement of the 

bowel wall. 

3 D. Ultrasound of cecum shows normal bowel wall (2mm). On ultrasound diagnosis of 

Crohn’s disease was made due to dilatation of a small bowel loop (without a visible 

stenosis).

 

 

Figure 4. ROC graph depicting the sensitivity and specificity of the 

different modalities for diagnosing Crohn’s disease.

Figure 5. ROC graph depicting the sensitivity and specificity of the 

different modalities for diagnosing ulcerative colitis.
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Figures chapter 7

Figure 1: Diagram of perianal 

fistulas. SS= Suprasphincteric 

fistula; SF= Superficial fis-

tula (or submucosal fistula); 

IS= Intersphinctericfistula; 

TS= Transsphincteric fistula; 

ES=Extrasphincteric fistula.

Figure 2. Anal ultrasound in a 35 year old male with Crohn’s disease. 

2 A. The probe (P) is in the rec-

tum. A large hypoechogenic 

(H) area is visible at and just 

above the level of the pu-

borectal muscle.

2 B. Hydrogen peroxide is injected in the 

external fistula opening. The tract to the 

internal opening (i.o.) is visible. The fistula 

(f) branches are visible at the level of the 

external anal sphincter.

2 C. The hypoechogenic area is now partly 

hyperechogenic and a horseshoe config-

uration of the fistula becomes clear.

2 D. Longitudinal image. The extend of 

the fistula is clearly visible.

Figure 3. 40 year old man with Crohn’s disease and a perianal fistula. 

3 A. Coronal T2-weighted 

fast spin-echo image 

shows a transsphincteric 

fistula (curved arrows) at 

the right side with a se-

ton in situ (arrow). The 

rectal wall is thickened, 

some small lymph nodes 

and some adjacent fat in-

filtration indicating dis-

ease activity at the rectum.  

L = levator ani muscle,  

E = external sphincter 

muscle.
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3 B. Diagram of the image 3a, the fis-

tula is indicated in yellow.

3 C. Axial T2-weighted fast spin-echo 

image shows the transsphincteric 

course of the track and the internal 

opening with seton (S). The track is 

wide and hyperintense (curved ar-

row), indicating either granulation 

tissue or fluid. G = gluteal muscle.

3 D. Axial T1-weighted fat-saturated 

fast spin-echo image after intrave-

nous contrast agent shows enhance-

ment of almost the complete track, 

indicating that it is granulation tissue 

(curved arrow). L = levator ani mus-

cle, E = external anal sphincter, IO = 

internal obturator muscle, G=gluteus 

muscle.

3 E. Diagram of image 3c and d, the fistula 

and granulation tissue are indicated in 

yellow.

Figure 4. 46 year old man with extensive Crohn’s disease who underwent proctocolectomy 

with ileostomy. G = gluteus muscle, P = prostate.

4 A. Axial T2-weighted fast spin-echo im-

age shows a hyperintense collection 

with extensive surrounding hypointense 

scar tissue.

4 B. At axial fat-saturated T2-weigted fast 

spin-echo image the collection is also 

hyperintense (arrow) indicating this 

could either be filled with fluid (i.e. ab-

scess) or granulation tissue.
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4 C. Axial fat-saturated T1-weighted fast spin-echo image 

obtained after administration of IV contrast medium 

shows strong enhancement of the rim whereas the core 

does not enhance, indicating an abscess with a rim of in-

flammatory tissue (arrow). 

4 D. Diagram of image 

4a, b and c. The ab-

scess is indicated in 

yellow.

 

Figure 5. 42 year old man with a cryptoglandular fistula.

5 A. Coronal T2-weighted fast spin-echo image with endo-

anal coil shows a subtle transsphincteric fistula (curved 

arrow). I = internal anal sphincter, E = external anal 

sphincter, P = puborectal muscle, C = coil.

B. Diagram of image 

5a. The fistula is in-

dicated in yellow.

 

 

Figure 6. 33 year old man with Crohn’s disease and a perianal fistula.

6 A. Coronal T2-weighted fast spin-echo image shows a 

transsphincteric fistula (curved arrow) with the inter-

nal opening (arrow). R = rectum, E = external sphinc-

ter, P = puborectal muscle

6 B. Diagram of image 6a. 

The fistula is indicated 

in yellow.

6 C. Axial T2-weighted fast spin-echo image shows a 

subtle internal opening (arrow) of the transsphinc-

teric track (curved arrow).

6 D. Diagram of image 6c. 

The fistula is indicated in 

yellow.
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Figures chapter 8
Fig. 1- Dynamic contrast-enhanced MR imaging findings in a 24-year old female with Crohn’s 

disease and a transsphincteric fistula. Seton in situ.

1 A. Axial oblique fat-saturated 

T2-weighted fast spin-echo 

image shows perianal fistu-

lizing disease. 

1 B. maximum enhancement-

map of the same section. max-

imum enhancement of the 

perianal fistula is higher than 

that of the surrounding tissue. 

1 C. TIC shape type map 

with in the fistula type 3 

and 5 (fast rising pixels). 

1 D. T2 

weighted 

image of 

the same 

section.

Fig. 2 - Dynamic contrast-enhanced MR imaging findings in a 63-year old male with a trans-

sphincteric fistula. 

2 A. Axial oblique fat-saturat-

ed T2-weighted fast spin-

echo image shows peri-

anal fistulizing disease. 

2 B. Maximum enhancement-map 

of the same section. Maximum 

enhancement of the perianal fis-

tula is higher than that of the 

surrounding tissue. 
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2 C. TIC shape type map.

2 D. T2 weighted 

image of the same 

section.

Fig. 3 - Ktrans values before and 

six weeks after start of anti-

TNF  therapy. All Ktrans values 

decrease after anti-TNF  ther-

apy.
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