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Target audience: Preclinical imaging community interested in abdominal MRI imaging. 
Purpose: Under the influence of most anaesthetic regimens mice lose their reflex micturition and thus tend not to urinate, in stark contrast to their 
awake state 1. As a direct consequence, the bladder fills with urine as a result of normal kidney function, and any organs in the immediate vicinity are 
displaced. Whilst bladder voiding can be artificially induced using catheterisation, this procedure is too invasive and mortality rates are too high (still 
10%) 2 to be used as a matter of routine. Similarly, peristalsis induces very transient and erratic reorientation of the gut and proximal organs. These 
movements present issues when using any procedures that require long-term stability of absolute position. In the development of MRI-guided 
radiotherapy we require that the organs under study be absolutely static with respect to each other, or that safe margins can be defined around the 
target organs in order to ensure that accurate dosimetry can be prospectively estimated such that the correct radiation dose can be delivered. In this 
work we have examined increase in bladder volume and the effect of peristalsis in order to help delineate the size and locations of the displacements 
so that efficient imaging acquisitions can be defined. Subsequently, these methods will be used to help define the safe margins of radiation delivery 
that will have to be used when treating bladder tumours with radiotherapy. 
Methods: CBA mice (n=4) were anaesthetised (1-3% isoflurane in room air) and respiration and heart rate was monitored. Gadolinium contrast agent 
(gadodiamide, 0.5 M, 30 μl, i.v.) was administered via the tail vein, 15 min prior to the start of imaging. A T1-weighted scan was performed at 7.0T 
(Agilent, VNMRS) using a RF and gradient-spoiled 3D gradient echo sequence with TE 1.05 ms, TR 2.228 ms, nominal flip angle 5°, image matrix 
256×128×128 and 211 μm isotropic resolution. Prospective cardio-respiratory gating and automatic and immediate reacquisition of data corrupted by 
respiratory motion was applied giving a scan time of approximately 2 minutes per image. This scan was repeated every 5 minutes for 45 minutes. 
Results: Cardiorespiratory synchronisation allowed reproducible imaging of the abdomen without ghosting consequent to either respiratory 
movement or cardiovascular pulsatility. The scan time was 110±11s (86s-147s; n=40) per image. Bladder filling is demonstrated in Figure 1 which 
shows the difference image of 2 scans acquired 45 minutes apart from each other, whilst Figure 2 shows a standard deviation of the mean of the 10 
time points for the same slice. These figures show a modest degree of body droop, evident as the subtraction artefacts on the upper and lower 
surfaces, but a significant change in the bladder and the gut space. Examination of the time course of the change indicates that the peristaltic motion 
is constant and erratic whilst the bladder filling is constant and, essentially, monotonic (Figure 1, 2). For the 2 animals shown, the bulk movement of 
the bladder is going in opposite direction, making this motion unpredictable. The volume of the bladder increased significantly during 45 min of 
monitoring (Figure 3): the increase in bladder volume over 45 minutes was 39±6 μl, with the volume increasing linearly (r>0.99) by 4.5±1.5 μl every 
5 minutes. This bladder expansion caused the bladder wall to move anisotropically for up to 1.6±0.3 mm during the 45 min imaging period. 
Discussion: MRI can be used to track bladder motion and to monitor aspects of gut peristalsis. As a result of these internal body motions, substantial 
displacement of organs occurs over a timescale of minutes. This will result in an irretrievable loss in resolution from these regions for any scans 
taking longer than this. The images of the standard deviation for 10 consecutively acquired images demonstrate instability in the gut, inferring that 
scans must be significantly shorter than this imaging window duration (45 minutes) in order to achieve the desired spatial resolution. The speed of 
imaging used in this study will enable minimisation of confounds arising from internal body movements. Additionally, and in the context of 
radiotherapy planning, dosimetry of the gut, bladder and other proximal organs may be subject to error as a result of the time dependence of the gut 
and bladder positions. Therefore, safety margins must be considered when preparing radiation therapy plans in the lower abdomen in order to ensure 
accurate radiation delivery to this area. The acquisition of T1 weighted images, acquired at an isotropic resolution of 211 μm, will enable contrast-
enhanced MRI to identify tumours in the abdomen. Moreover, it will also maximise the radiation dose delivered to these tumours whilst minimising 
the dose delivered to radiation sensitive organs such as the small intestine. This is especially true when this MR technique is used in conjunction with 
the CT-based focussed radiotherapy systems that have recently become commercially available. Lastly, the isotropic resolution of the MR images 
will allow for easier co-registration of subsequent images in order to test whether bladder filling and gut motion can be predicted. 
Conclusion: Bladder filling and gut peristalsis are significant confounds to high quality abdominal imaging. As a result, imaging in this region needs 
to be performed rapidly in order to reduce motion-induced resolution loss. Scans that are sufficiently long in duration to allow these motions to 
corrupt the images cannot have the desired resolution and may provide no more information than shorter scans. Integration of MR data into the 
radiotherapy planning and treatment will have to be performed within a short time period. The reported approach allows fast, high-resolution imaging 
which will result in more accurate examinations of the lower abdomen. 
References: 1. Matsuura S et al. Neurourol Urodyn. 2000;19(1):87-99. 2. Deleye S et al. Mol Imaging. 2014;13. doi: 10.2310/7290.2014.00013 
Figures: Figure 1: Subtraction image for 2 mice: first minus the last image of a 45 minute acquisition period. No respiration motion was observed, 
only internal abdominal motion. The yellow arrow points towards bladder expansion over the 45 minute time period, the blue arrow towards the 
modest degree of body droop. Figure 2: Standard deviation of the mean of the 10 time points for the same slice in 2 mice. The red arrow points 
towards the erratic gut motion, the blue arrow towards the modest degree of body droop. Figure 3: Bladder volume monitored over a 45 min period. 
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