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Use of the Median Image Mitigates Effects of Respiratory Motion in Abdominal Diffusion Imaging 

Neil P Jerome1, Matthew R Orton1, James d'Arcy1, Thorsten Feiweier2, Dow-Mu Koh3, David J Collins1, and Martin O Leach1 
1CR-UK and EPSRC Cancer Imaging Centre, The Institute of Cancer Research, Sutton, Surrey, United Kingdom, 2Imaging & Therapy Division, Siemens AG, Erlangen, 

Germany, 3Department of Radiology, Royal Marsden Hospital, Sutton, Surrey, United Kingdom 
 

Introduction: Abdominal diffusion-weighted imaging (DWI) is commonly confounded by blurring arising from respiratory motion; strategies to 
minimise respiratory motion can adversely affect scan efficiency (e.g. navigator-triggering) or patient comfort (e.g. breath-hold) without necessarily 
improving diffusion parameter estimation (1), and rely on weak assumptions about breathing patterns and consistency. Successive signal averages 
and b-directions, acquired as echo-planar images, are sufficiently fast to appear as non-blurred ‘snapshots’, but it is the routine averaging of such 
images within the post-processing pipeline that makes the blurring subsequently intractable. Recording each acquisition and b-direction as a separate 
image, without automated averaging, allows for deeper interrogation of the data collected, with no cost reflected in imaging time. One possibility 
opened by the recording of separate images is the use of averaging methods other than the simple mean, and here we present the use of the voxel-by-
voxel median image with an otherwise standard clinical DWI protocol, on volunteer and patient datasets. Median images are widely used in image 
processing to separate background from moving scenes (2), and motion in medical images presents as a similar phenomenon. In these data the median 
image appears visually superior to the mean image, with sharper boundaries across the image, and equivalent ADC statistics from tissue and 
pathology ROIs.  
 
Method: This study was approved by the institutional review board; ten healthy volunteers were 
recruited and consented; all imaging was performed on a MAGNETOM Avanto 1.5T scanner 
(Siemens AG, Healthcare Sector, Erlangen, Germany). Coronal slices were taken to cover the 
liver and kidneys, with the following parameters: 2D EPI prototype sequence with bipolar 
diffusion weighting, TR 4000 ms, TE 72 ms, voxel size 1.5 mm2 in-plane, 16 contiguous 5mm 
slices, 128 x 128 matrix with GRAPPA factor 2, interpolated to 256 x 256, with nine b-values (0, 
20, 40, 60, 80, 100, 250, 500, 750 s/mm2) in orthogonal directions. Multiple signal averages (5 or 
6) were stored separately, for an approximate acquisition time of 10 minutes to match clinical 
practice. Following acquisition, mean and median images were calculated from all averages and 
b-directions, and the apparent diffusion coefficient (ADC) calculated using a Levenberg-
Marquardt algorithm on the images with b ≥ 250mm-2s (ADEPT software, ICR, UK). ROIs of 
approximately 100 – 150 voxels were drawn for kidney (renal cortex) and liver (circle, avoiding 
large vessels), and the resulting diffusion parameters are reported as mean ± s.d., with 
comparison using a paired t-test and significance level 0.05. 
 
Results: Representative mean (upper row) and median (lower row) images for S0 (a and c) and 
ADC (b and d) parameter maps can be seen in Figure 1; specifically, the boundaries of tissues 
such as kidney/liver are much clearer (red arrows), and similar sharpening of boundaries is seen 
across the entire image, but features are preserved (green arrows). Box plots for the median ADC 
values of the liver and kidney ROIs are shown in Figure 2; the median reports a systematically 
lower ADC (108 ± 18 vs 120 ± 26 for liver, p = 0.007, and 182 ± 17 vs 188 ± 13 for renal, p = 
0.04), but returns comparable values and displays a more symmetric distribution than the 
corresponding mean ADC in both tissues. 
 
Discussion: The use of the median rather than the mean when evaluating separately acquired 
images with different diffusion gradient directions, provided a suitable number of images (>5 
signal averages) are acquired, gives sharper boundaries in both the median image and in 
calculated diffusion parameter maps. In regions where the distribution of signal intensities is 
bimodal due to motion near a tissue boundary, the median is more likely to return a value arising 
from one tissue rather than a weighted average of both. The use of the median as an outlier 
resistant statistic is well established, and appears to mitigate the blurring commonly found in 
mean images due to respiratory motion. Similarly to the mean, the median is a local statistic, and 
is therefore suitable for use across entire images that contain both moving and non-moving 
structures. The dataset collected here, and illustrated in Figure 1, demonstrates preservation of 
structure and detail better than the mean. Although the median method relies on assumptions 
regarding sufficient signal to noise within individual images and the equivalence of diffusion-
gradient directions (the isotropic nature of diffusion, likely to be valid in oncology), it is a 
conceptually simple and computationally efficient alternative to complex and resource-
consuming registration algorithms.  
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Figure 2: Box plots comparing ADCs from liver and 
kidney ROIs using mean and median images. Units are 
10-5 mm2s-1. 

Figure 1: median S0 and ADC maps (c and d) display 
sharper boundaries than mean images (a and b), while 
retaining physiological structures. Typical ROIs for 
liver and kidney ADCs shown. 
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