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Abstract 
Objective: Inflammatory bowel disease (IBD) is a chronic disease, consisting of two main sub-
groups: Crohn’s disease (CD) and ulcerative colitis (UC). Imaging is an essential component in the 
treatment of IBD and is used repeatedly to determine activity and severity of inflammatory lesions. 
The aim of our study was to prospectively obtain pilot data on the accuracy of magnetic resonance 
imaging with no oral contrast (MRI-NOC) and magnetic resonance follow-through (MRFT) using 
endoscopy as the reference standard. Materials and Methods: Patients diagnosed with CD and UC 
referred to magnetic resonance imaging (MRI) were included in this study population. For the 
evaluation, the bowel was divided into 9 segments. Two radiologists, blinded to clinical findings, 
evaluated bowel wall thickness, diffusion weighted imaging and mural hyperenhancement. Re-
sults: 14 patients (9 males and 5 females; median age 41; range 20 - 62) underwent both type of 
MRI examinations; 9 had CD and 5 had UC. The overall sensitivity for small bowel was zero for 
both MRI protocols, as neither identified any lesions, whereas in colon the sensitivity ranged from 
7% to 29% in MRI-NOC and 14% - 29% in MRFT. Specificity and accuracy in MRI-NOC ranged from 
78% to 98% and 74% - 93%, respectively, in small bowel, and from 90% to 96% and 77% - 82%, 
respectively, in colon. Specificity and accuracy in MRFT ranged from 83% to 100% and 79% - 95%, 
respectively, in small bowel, while it ranged from 93% to 97% and 81% - 85%, respectively, in co-
lon. Conclusion: The location of lesions in the colon combined with the lack of oral contrast in the 
colon renders MRFT and MRI-NOC functionally identical. 
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1. Introduction 
IBD is a common term for two chronic diseases, Crohns disease (CD) and ulcerative colitis (UC). The incidence 
and prevalence of IBD have increased over the past 20 years in Denmark [1]. The same trend has been observed 
in Europe and other developed countries [2]. Imaging is an essential component in the treatment of IBD and is 
used repeatedly to determine activity and severity of inflammatory lesions and chose the right therapy for a giv-
en disease severity and extension. Monitoring of CD and UC is crucial for the choice of therapeutic strategy in 
order to personalize medicine and optimize efficacy and compliance [3]. 

Radiological imaging techniques such as computer tomography, magnetic resonance imaging (MRI), ultraso-
nography and other imaging modalities such as endoscopy and capsule endoscopy (CE) play a key role in diag-
nosing and monitoring CD and UC. Despite its diagnostic excellence in the abdomen, computer tomography 
should be avoided due to the radiation. Ultrasonography has a very good safety profile, but the interpretation of 
the images is operator dependent. Due to gas in the bowel system, it is sometimes difficult to visualize all parts 
of the bowel. In CE and endoscopy, it is only possible to evaluate the surface of the bowel wall. CE is well ac-
cepted by the patients whereas endoscopy is not favoured by the patients [4]. CE and endoscopy are both con-
traindicated in patients with suspected stricture.  

In recent years, both clinicians and radiologists have become more aware of the potential risk of radiation. It 
is important to weigh the benefits and drawbacks in every single examination. A single examination that is non- 
invasive, fast, free of radiation, low cost, patient friendly and excellent in disease diagnostic simply does not ex-
ist.  

MR follow-through (MRFT) is an emerging technique that meets all the safety criteria. It also has the advan-
tage of enabling evaluation of luminal and transmural extent of inflammation, while showing extra intestinal 
complications as well. Another emerging diagnostic tool is faecal calprotectin (FC), which is a non-invasive and 
cheap screening tool to be used as a screening method to monitor IBD relapse and response. However, FC is not 
a specific protein for IBD because it is also elevated in any other inflammatory condition in the bowel as well as 
in colorectal cancer. FC is stable up to seven days at room temperature enabling patients to perform the test at 
home and send the sample by mail to the laboratory. Several studies have shown that elevated FC levels corre-
late with inflammation in the gastrointestinal tract. 

The primary endpoint was to prospectively compare the sensitivity and specificity in MRI with no oral con-
trast (MRI-NOC), MRFT and FC in patients with known CD and UC using ileo-colonoscopy, sigmoidoscopy 
and CE as reference standard for presence and location of inflammation.  

2. Materials and Methods 
2.1. Study 
This prospective, single-institution study was approved by the Local Committee for Health Research Ethics (No. 
H-2-2010-149) and the Danish Data Protection Agency (No. 2007-58-0015/HEH.750.8-14). It was registered at 
Clinicaltrials.gov (No. NCT02255019). Written informed consent was obtained from all patients. 

2.2. Patients 
The study population includes all patients diagnosed with CD and UC referred to MRI. Exclusion criteria were 
age younger than 18 years, previous moderate or serious reactions to gadolinium-based contrast medium, preg-
nancy, ferromagnetic implants, estimated glomerular filtration rate < 30 ml/min 1.73 m2 or known cancer.  

The clinical disease activity in patients with CD was assessed according to the Harvey-Bradshaw index (HBI) 
and by Simple Clinical Colitis Activity Index (SCCAI) for UC patients. HBI was classified into four categories 
(normal, mild, moderate and severe) whereas SCCAI was classified into three categories (normal, mild-to- 
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moderate and severe). 

2.3. MRI-NOC 
This was the first of the two examination performed. Patients were instructed not to drink or eat for 4 hours prior 
to the MRI. No bowel cleansing was done. Patients were examined in prone position. All patients were scanned 
from diaphragm to perineum. Scopolamin butylbromide 20 mg (Buscopan®, Boehringer Ingelheim, Ingelheim 
am Rhein, Germany) was administered twice due to reduce motion artefacts from peristalsis. First time it was 
given prior to the MRI examination and second time in conjunction with the intravenous contrast agent; 0.1 
mmol/kg of the gadolinium-based contrast agent (gadoterate-Dotarem®, Guerbet, Roissy CDG, France). A 
maximum of 20 ml gadoterate was injected. All images were transmitted to a “Picture Archiving and Commu-
nication System”. The average duration of the MRI exam was approximately 30 min. 

Both MRI examinations were done in a 1.5T scanner (Achieva Philips Healthcare, Best, the Netherlands) 
equipped with a torso 16-channel phased array coil. The different sequences used in these protocols appear in 
Table 1. 

2.4. MRFT Protocol 
MRFT was performed two days after the plain MRI. Patients were instructed to drink 1.350 mL of a barium 
sulphate suspension (VoLumen®; Bracco Diagnostics, Milan, Italy) within 45 - 60 min. This protocol was same 
as the MRI-NOC.  

2.5. Faecal Calprotectin 
Patients received a faeces sample kit upon admission for the MRI examination. The stool sample should be col-
lected the following day and returned by mail, with the sample containing 5 - 10 g of faeces. The stool was ana-
lysed by commercial ELISA system (CALPRO AS, Lysaker, Norway) based on antibodies against calprotectin. 
The calprotectin levels between 0 - 100 µg/g were considered negative and >100 µg/g were considered abnor-
mal. 

2.6. Image Analysis 
The bowel from the jejunum to the rectum was evaluated by two radiologists—with 16 and 2 years MR expe-
rience, respectively. The examinations were randomised and the radiologists were blinded to all clinical infor-
mation. The small bowel consisted of jejunum, ileum and terminal ileum. The colon was divided into six segments:  
 
Table 1. MRI-NOC and MRFT parameters. 

Parameter TSE T1 SSHSE  
fat. sat. SSHSE DWI GRE TSE GRE  

fat. sat. 

Imaging plans Coronal Coronal Axial Axial Axial Coronal Coronal 

TR/TE (ms) 587/7 1200/80 399/80 10813/77 3.8/1.87 587/7 4.4/2.1 

Flip angel (degrees) 90 90 90 90 10 90 90 

Field of view (mm) 400 × 438 405 × 405 375 × 297 300 × 300 375 × 295 400 × 438 450 × 482 

Selection thickness (mm) 5 7 5 5 3 5 2 

Bandwidth/pixel (Hz) 218 763.1 717.6 11 434.2 218 378.1 

Weighting T1 T2 T2 - T1 T1 T1 

Matrix 336 × 291 252 × 224 268 × 182 148 × 117 188 × 147 336 × 291 228 × 243 

B-value sec/mm2    0, 50, 500, 1000    

Intravenous contrast     + + + 

Abbreviations. DWI: Diffusion Weighted Imaging; GRE: Gradient Echo Sequences; MRFT: Magnetic resonance follow-through; MRI-NOC: Mag-
netic resonance imaging with no oral contrast; Sat: Saturation; SSHSE: Single-shot Spin Echo; TE: Time to Echo; TR: Time to Repeat; TSE: Turbo 
Spin Echo. 
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caecum, ascending colon, transverse colon, descending colon, sigmoid colon and rectum. For all evaluations, a 
standardized data sheet was used. 

Three and 6 mm wall thickness were considered normal in the small bowel and colon. Restricted diffusion 
was defined as a high signal intensity in DWI in 1000 b-value images combined with low signal intensity in 
Apparent Diffusion Coefficient images. Mural hyperenhancement was considered present when bowel wall had 
a greater degree of mural enhancement than that of the adjacent loops. Ileo-colonoscopy, sigmoidoscopy and CE 
served as the reference standard for evaluation of IBD extent and severity. 

2.7. Statistical Analysis 
The sensitivity, specificity and accuracy for MRI-NOC, MRFT and FC were calculated compared to the refer-
ence standard; endoscopy and CE. The diagnostic performance of MRI-NOC and MRFT was analysed on a seg- 
ment-by-segment basis whereas FC was analysed on a per patient basis. Descriptive statistics were applied. In-
terobserver agreement between paired evaluations of MRI by the two radiologists was assessed through kappa 
statistics. A kappa value of less than 0.2 was regarded as poor agreement, 0.21 - 0.4 as fair agreement, 0.41 - 
0.60 as moderate agreement, 0.61 - 0.80 as good agreement and 0.81 or greater as excellent agreement [5]. The 
statistical analyses were performed using the software package “R” [6]. 

3. Results 
3.1. Study Population 
15 patients were enrolled in this study from October 2012 to June 2013 and all completed both MR-NOC and 
MRFT, and all returned the stool sample. However, we had to exclude one patient as no ileo-colonoscopy, sig-
moidoscopy or CE was performed. The study group of 14 patients consisted of nine males and five females with 
a median age of 41 years (range: 20 - 62). Nine had CD and five had UC. The average intake of oral contrast in 
MRFT was 1163 ml. The clinical activity indices HBI for CD patients were normal (n = 3), mild (n = 3), mod-
erate (n = 3) with none having severe disease. The SCCAI for UC patients were normal (n = 0), mild-to-mod- 
erate (n = 2) and severe disease (n = 3). 

3.2. Magnetic Resonance Imaging 
Surprisingly, the sensitivity for small bowel was zero for both MRI protocols in wall thickening, DWI and 
hyperenhancement as no lesions were detected (Table 2 and Table 3). However, both protocols missed two le-
sions in all three categories. The sensitivity, specificity and accuracy in MRI-NOC and MRFT was almost iden-
tical for bowel wall thickening, DWI and hyperenhancement in small bowel and in colon. One exception is in 
the colon where sensitivity, specificity and accuracy for hyperenhancement were significantly better in MRFT 
compared to MRI-NOC. 

3.3. Faecal Calprotectin 
Sensitivity, specificity and accuracy for FC using endoscopy or CE as the standard of reference were 64% [CI: 
49 - 72], 67% [CI: 14 - 98] and 64% [CI: 42 - 78], respectively. The calculations were done on a patient’s basis 
and not on segmental basis. 

3.4. Interobserver Agreement 
The kappa value for interobserver agreement for bowel wall thickening showed moderate agreement (к = 0.43), 
poor agreement for DWI (к = 0.16) and fair agreement for hyperenhancement (к = 0.25) in MRI-NOC. The 
MRFT showed fair agreement for wall thickening (к = 0.38) and DWI (к = 0.35) and good agreement for hyper- 
enhancement (к = 0.65).  

4. Discussion 
This pilot study consists of only 14 patients, and the statistical calculations are characterized by the small sample 
size. Researchers chose only to include patients with known CD or UC to improve the statistics. Endoscopy or  
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Table 2. Sensitivity, specificity and accuracy of MRI-NOC in IBD patients. 

 Sensitivity (%)  
[95% CI] 

Specificity (%) 
[95% CI] 

Accuracy (%) 
[95% CI] P-value 

Wall thickening     

Small bowel 0 
[0 - 47] 

98 
[98 - 100] 

93 
[93 - 97] 1.000 

Colon 14 
[3 - 29] 

96 
[93 - 99] 

82 
[78 - 87] 0.192 

DWI     

Small bowel 0 
[0 - 80] 

78 
[78 - 82] 

74 
[74 - 81] 1.000 

Colon 29 
[10 - 51] 

90 
[86 - 95] 

80 
[74 - 87] 0.081 

Hyperenhancement     

Small bowel 0 
[0 - 72] 

95 
[95 - 99] 

91 
[91 - 97] 1.000 

Colon 7 
[0 - 28] 

91 
[90 - 96] 

77 
[75 - 84] 1.000 

 
Table 3. Sensitivity, specificity and accuracy of MRFT in IBD patients. 

 Sensitivity (%) 
[95% CI] 

Specificity (%) 
[95% CI] 

Accuracy (%) 
[95% CI] P-value 

Wall thickening     

Small bowel 0 
[0 - 47] 

98 
[98 - 100] 

93 
[93 - 97] 1.000 

Colon 14 
[3 - 26] 

97 
[85 - 100] 

83 
[80 - 87] 0.128 

DWI     

Small bowel 0 
[0 - 79] 

83 
[83 - 87] 

79 
[79 - 86] 1.000 

Colon 21 
[6 - 41] 

93 
[90 - 97] 

81 
[76 - 88] 0.125 

Hyperenhancement     

Small bowel 0 
[0] 

100 
[100] 

95 
[95] 1.000 

Colon 29 
[11 - 44] 

96 
[92 - 99] 

85 
[79 - 90] 0.012 

 
CE was used to verify the presence of lesions on the MRI. This was done to strengthen the findings in this pilot 
study.  

With endoscopy and CE serving as the reference standard, the sensitivity for inflammation in colon ranged 
from 14% to 29% in both MRI examinations. Whereas, in small bowel the sensitivity was zero in both protocols 
as they missed to find two lesions. In one CD patient with very mild inflammation in most of the colon, both 
MRI protocols failed to detect it. It is notable that sensitivity, specificity and accuracy for MRI-NOC and MRFT 
are very close to each other (Figure 1). However, the small amount of participants is not insignificant. 

Jesuratnam-Nielsen et al. performed a study where they compared plain MRI (with no oral or intravenous 
contrast) with MRFT in 100 IBD patients [7]. They conclude that plain MRI cannot replace MRFT in patients 
with inflammatory bowel disease. However, they use MRFT as the reference standard. This study was the inspi-
ration to make the current study. Authors therefore altered the plain MRI and gave the patients intravenous con-
trast and still no oral contrast. Our results indicate that this may be the way to examine IBD patients in the future.  
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Figure 1. A 42-year-old man recently diagnosed with CD observed 
blood in every stool. The endoscopy showed active inflammation in 
sigmoid colon and rectum, verified by biopsy. The FC was 321 µg/g. 
Coronal T2-weighted image showed wall thickening (arrows) of sig-
moid colon and rectum in MRI-NOC (A) and MRFT (B). Coronal 
gadolinium-enhanced image shows mural hyperenhancement and wall 
thickening at same location, indicating acute inflammation (arrows) 
in MRI-NOC (C) and MRFT (D). 

 
It will be very convenient for the patients, as they do not have to be at a radiology department one hour prior 
to the MR examination to drink the oral contrast. The intake of oral contrast is not always easy for this group of 
patients as they already often have stomach pain. 

The kappa value showed good agreement for hyperenhancement in MRFT whereas it was poor to moderate 
for the other parameters. A low kappa value can be a problem due to the subjective observation of the radiolo-
gists. The low number of observers and patients could also explain a low kappa. In diagnostic radiology, mul-
tiple observers can be used to avoid low kappa value. 

Another convenient test for the patients is FC. It has been suggested as a good marker of mucosal inflamma-
tion in IBD patients, which also correlates well with endoscopy findings [8] [9]. Multiple studies found FC to be 
a better predictor for relapse of IBD rather than degree of bowel inflammation [9]-[11]. Jensen et al. found FC to 
be equally sensitive in small bowel and colon [12]. They also conclude that CD can be ruled out in patients sus-
pected of having CD if FC is low. One study states that FC is a better marker of endoscopic activity and post-
operative recurrence than clinical activity and the other biomarkers in CD patients [13].  

In the current study, the sensitivity for FC was high compared with both MRI protocols. However, it is crucial 
to remember that the statistics on FC are performed on a per patients basis, whereas in MRI the statistics are 
performed on a segment-by-segment basis. It is also noteworthy that p-value for FC is very high (p = 0.54). The 
specificity and accuracy in both MRI protocols were much better in every aspect compared with FC. This means 
that both MRI protocols are better than FC at detecting the healthy patients. It is also known that FC is not a 
specific protein for inflammatory bowel disease as it is also elevated under other conditions [14]. Another issue 
taken into consideration is the lack of agreement with regard to the cut-off value. El-Etreby et al. had a sensitiv-
ity and specificity of 82% and 85%, respectively in UC patients using a cut-off value of 350 µg/g [15]. Another 
study used a value of 250 µg/g and concluded that FC showed better correlation with the endoscopic scores in 
UC rather than in CD [16]. A study by Jensen et al. used 50 µg/g as the cut-off value in CD and detected a sen-
sitivity of 92% in the small bowel and 94% in the colon. They concluded that FC levels were equally sensitive in 
patients with small bowel or colonic CD [12]. 

Using the SCCAI for UC patients and HBI for CD patients, it showed that three of the CD patients were clari-
fied as normal as the rest of the patients scored in the mild to moderate range. SCCAI and HBI are based on 
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subjective symptoms and therefore reflect the patient’s well-being rather than degree of inflammation [17]-[19]. 
It is widely used on a daily basis in clinics to screen the patients due to further examinations or medication.  

Due to the small sample size, the power of the study was limited and no power calculation was performed. 
Another limitation is the lack of detection of small bowel lesions with either MRI protocol. Furthermore, the 
lack of oral contrast medium in the colon with MRFT renders the two MRI protocols identical for the colon. To 
enable a better comparison of MRFT and MRI-NOC, an alteration of this study is needed. Limiting the selection 
of patients to either CD or UC, thereby restricting the prevalence of lesions to either the small bowel or the co-
lon, enables contrast delivery to be targeted. The small bowel of CD patients would be examined with oral con-
trast, whereas the colon of UC patients would be examined with contrast delivered by enema. Limitation is also 
that endoscopy and CE in some cases are done one month before or after the MRI. The disease activity could 
have changed within this time gap. However, the strength of this study is that we use endoscopy and CE as the 
reference standard. We also did the MRFT two days after the MRI-NOC, therefore avoiding the alteration of the 
lesions between the scans. The FC was also sent to the laboratory one day after the MRI-NOC. The HBI and 
SCCAI were done on the same day as MRI-NOC.  

The location of lesions in the colon combined with the lack of oral contrast in the colon renders MRFT and 
MRI-NOC functionally identical. However, the idea for this study is unique and needs to be developed further in 
a large group of patients. 
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