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Introduction Previous measurements of colon volumes have relied on tests which were either invasive or used ionising 
radiation [1,2,3,4,5,6,7]. We aimed to measure non-invasively regional colonic volumes in healthy volunteers (HV) and 
patients with irritable bowel syndrome with diarrhoea (IBS-D) using MRI.  
Method 75 HVs and 25 IBS-D patients participated in this study. All subjects were scanned in the fasted state.  35 of the HV 
and all 25 IBS-D subjects consumed a standard rice pudding meal (362 kcal energy 10% from fat, 81% from carbohydrate 
and 9% from protein) and post-prandial MRI data was obtained at intervals over 225 minutes. MRI of the supine abdomen 
was performed using a 1.5 T Philips Achieva MRI scanner with a SENSE 4-element body coil using the following sequences: 
1. A coronal dual echo fast field echo (FFE) sequence (24 contiguous slices centred mid-abdomen with TE=2.3/4.6 ms, 

TR=158 ms, in-plane resolution 1.76 mm × 1.76 mm, slice thickness of 7 mm, SENSE factor=2) during an expiration 
breath hold of 13s. This sequence provided two images with different contrasts, with fat/water signals out-of–phase and 
in-phase respectively.  

2. A transverse dual echo FFE sequence (45 contiguous slices centred mid-abdomen with TE=2.3/4.6 ms, TR=296 ms with 
in-plane resolution 1.76 mm × 1.76 mm, slice thickness 7mm, SENSE factor=2) under a 20 s expiration breath hold.  

The subjects spent only a few minutes per time point inside the scanner and, if fed, they were asked to spend the rest of the 
time sitting upright in an adjacent room. The colonic regions were manually segmented using Analyze9TM software (Mayo 
Foundation, Rochester, MN), simultaneously displaying both coronal dual echo images (Fig.1). The colon wall was usually 
well delineated in the out-of-phase data, due to the surrounding fat. However, given the variation and heterogeneity of 
colonic chyme MR properties the in-phase echo sometimes provided better discrimination of colon from  surrounding small 
bowel and this advantage was exploited ad hoc by the operator to ease manual segmentation of the differing colonic regions. 
The transverse images provided additional information on adjacent structures if coronal images were ambiguous. 
Results Colonic regions were successfully identified and segmented on each image slice (Fig. 1) and 3D maps from caecum 
to sigmoid flexure were defined (taking approximately 20 minutes analysis per 3D map). Fasted regional volumes showed 
wide variation in both HVs being (mean±SD) ascending colon (AC) 203±75ml, transverse (TC) 198±79ml and descending 
(DC) 160±86ml with no difference from IBS-D subjects (AC 205±69ml, TC 232±100ml and DC 151±71ml respectively).  
The AC volume (Fig. 2) expanded immediately by 10% after feeding in the 35 HV (P=0.007), probably due to postprandial 
ileo-colonic inflow. A later rise in AC volume occurred from t=90 to t=240 min as the meal residue entered the caecum. In 
contrast IBS-D subjects showed a much reduced post-prandial response of the AC compared with HVs (P<0.0001) and a 
greater increase in TC volume after 90 minutes (P=0.02). 
Discussion 
Our findings suggest impaired relaxation of the ascending colon may contribute to accelerated colonic transit and symptoms 
in IBS-D. This technique provides a non-invasive method for assessing colon form and as such has the potential to provide 
biomarkers of colonic function that can be used in healthy and disease states. These will be extremely valuable in stratifying 
patients and evaluating both pharmacological and dietary methods of managing disease. 

 
Fig.1 Dual Echo images and segmentation (yellow= ascending 
colon, red=transverse colon, green = descending colon). 

 
 

 
Fig. 2 Change in ascending colon volume Post feeding 
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