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The importance of correcting for B0-drift-induced global signal decrease in diffusion MRI 
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Target audience: All clinicians and researchers interested in DTI, HARDI, or diffusion MRI in general. 

Introduction: B0-field drift is an essential problem in MRI experiments, which causes: 1) a shift of the image in the phase-encoding direction [1-3]; 
and 2) a change in the effectiveness of fat suppression [1]. Especially in diffusion MRI, the heavy duty cycle of the EPI-readout and the diffusion-
weighting gradients can lead to heating effects that cause the B0-drift to greatly exceed the vendor-specified values [1]. In the acquisition phase, one 
can correct for drift [1,4], but these corrections are not commonly available on clinical scanners which means the effects of drift remain present in 
most DWI data. In this work, we describe a third detrimental effect of B0-drift on DWI data: a decrease in global signal intensity with increasing 
drift. We demonstrate the effects on commonly used DTI and DKI parameters and present a method to correct for this artifactual signal decrease. 

Methods: Acquisition: Three DWI datasets were acquired from a 24 year-old healthy volunteer on a 3.0 T MR system, on separate days. Each 
dataset contained 11 b=0 s/mm2 images, and DWIs at three shells with b=1000, 2000, and 3000 s/mm2 and 33 directions each. The first image of each 
dataset is a b=0 s/mm2 image, the other images were randomly distributed throughout the session. Acquisition details: matrix 96×96, FOV 240×240 
mm2, 2.5 mm slices for an isotropic voxel size of 2.5 mm3 [5], SENSE=2.5, TE/TR: 100/7500 ms; scan time per session: 15 min. Analysis: First, 
motion correction was performed in ExploreDTI [6], after which each dataset was processed further with and without B0-drift-induced signal 
intensity correction. Signal intensity decrease was 
estimated with a linear fit of the mean signal from the 
b=0 s/mm2 images that were randomly distributed 
throughout each dataset (Fig. 1a). The obtained fit was 
then used to rescale all images within the session. 
Kurtosis tensors were estimated [7] and the FA, mean 
kurtosis (MK) and first eigenvectors (FEs) were 
analyzed to determine the impact of signal decrease. 

Results: Average signal decrease from first (set to 100 
%) to last b=0 s/mm2 image in each of the three 15 
minute session was 5.2, 8.2, and 12.4 % (Fig. 1a). 
Effects of the signal correction can be seen in Figs. 1b-j. 
The angular difference between the FEs as seen in the 
cingulum (Fig. 1c) can also be appreciated throughout 
the whole brain (Figs. 1e,h). This difference is relatively 
low in voxels with a high FA, but even an angular 
deviation (α) of a few degrees can have pronounced 
effects on tractography [8]. Furthermore, the artifactual 
signal decrease causes a systematic bias towards lower 
FA and higher MK, as seen in Figs. 1f,g,i,j. 

Discussion: Global signal decrease that occurs during a 
DWI scan session due to B0-drift has a significant effect 
on the analysis of the data. The results show a consistent 
impact of the signal decrease on eigenvectors as well as 
quantitative metrics from both DTI and DKI. Note that 
other diffusion MRI methods will be affected by this 
artifact in a similar way. Without this signal correction, 
there is a strong modulating effect of the decrease in 
signal with increasing image number, leading to an 
overestimation of diffusion. By interspersing the b=0 
images through the session, this intensity decrease can be 
compensated before processing and the detrimental 
effects on all further analyses are thereby minimized. 

Conclusion: We have shown that even for short scan 
sessions, signal drift is present and will influence the 
estimation of diffusion parameters. The presented 
method allows for correction of the signal drift, resulting 
in more accurate quantification of diffusion parameters. 
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Fig. 1: a) Mean signal in the b=0 s/mm2 images of the sessions. Different colors denote different 
sessions; crosses indicate signal as measured; the lines represent the linear fits; the dots denote the 
corrected mean signals. b) The four voxels indicated on the sagittal DEC map are enlarged in c), 
showing the first eigenvectors (FE) of the uncorrected (red) and corrected (white) data, with the 
angular difference indicated per voxel. d) Corrected axial DEC map, with the angular difference in 
FE (α, degrees) in e), the difference in FA (ΔFA) in f), and the difference in mean kurtosis (ΔMK) 
in g). h-j) show histograms of the angular difference, ΔFA, and ΔMK for all voxels with FA>0.4, 
respectively (in the corrected dataset). The inset in h) shows the same slice as e) for only those 
voxels above the FA threshold. (ΔFA>0 means corrected FA > uncorrected FA; similarly for 
ΔMK).
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