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TARGET AUDIENCE – Researchers interested in application of retrospective motion correction and quantitative susceptibility mapping.  
 

PURPOSE – Gradient-echo (GRE) imaging allows to non-invasively assess tissue composition in vivo by quantitative maps reflecting the effective transverse relaxation 
rate, R2* as well as magnetic susceptibility1-3. While computation of R2* maps requires the magnitude of the complex-valued multi-echo GRE data, quantitative 
susceptibility mapping (QSM)2 relies on GRE phase images. However, as whole brain imaging by multi-echo GRE sequence with high spatial resolution is associated 
with a long scanning time, the acquisition is rather vulnerable to head movement. These movements cause ghosting and blurring of the images and severely degrade 
image quality leading to poor accuracy of quantitative MRI measures. Recently, an autofocusing-based fully data-driven retrospective rigid motion correction approach 
(GradMC)5 was proposed to address the problem of motion artifacts in 3D volumes. In this study, we investigate the potential of retrospective motion correction to 
reduce motion artifacts in both magnitude and phase images in order to improve the accuracy of quantitative susceptibility and R2* maps. 
 

METHODS – Data acquisition: Multi-echo gradient echo data was acquired on a 3T whole-body MRI scanner (Tim Trio, Siemens Medical Solutions) using a 
commercial 12-channel head coil. The sequence parameters were as follows: TE1/TE2/TE3/TE4/TR=9ms/17ms/26ms/34ms/41ms, flip angle 17°, voxel resolution of 
0.6×0.6×1.8 mm3 with matrix size of 288×384×80, and total acquisition time of 11:48 min:sec. The local ethics committee approved the experiment and informed 
written consent was obtained from each recruited subject. 
Data processing: Multi-channel GRE magnitude images were combined using the sum-of-squares method6, whereas phase images were combined by taking the 
argument of the complex-summed single-channel images after subtracting the channel-dependent phase offsets7. The combined magnitude and phase images were used 
to construct a single complex-valued four-dimensional dataset, which served as input to GradMC.  
Motion correction: Since motion parameters are unknown, and no motion tracking equipment is used, the motion trajectory needs to be estimated directly from the echo 
data. This step was performed under the assumption that subject head displacements do not involve rotations larger than a few degrees. Relying on this assumption it is 
possible to construct a linear operator that being applied to the k-space data undoes the effects of motion. Such linear operators can be described by a matrix whose 
elements are functions of unknown motion parameters coding for phase ramps (translations) and resampling (rotations) – for details see [5]. We can thus formulate the 
following optimization problem: find motion parameters that yield the matrix inverting the motion transformation in the corrupted k-space data, such that the image 
metric calculated in the spatial domain is minimized. The image metric we used was Total Variation (L1 norm on the image gradients). In order to solve the resulting 
non-convex optimization problem, we used the LBFGS optimizer. After finding the motion parameters corresponding to the minimum value of the image metric, the 
final motion undoing matrix was constructed and applied to the data in order to correct for motion artifacts. The same procedure was repeated for each of the four echo 
images. 
Analysis: The motion corrected echo data were then used to compute magnetic susceptibility and R2* maps. R2* maps were calculated by mono-exponential fitting of 
the magnitude signal decay. GRE phase images were processed using a 3D phase unwrapping approach followed by the SHARP (Sophisticated Harmonic Artifact 
Reduction for Phase data) method2 to remove the background field. Based on these background corrected phase images the field-to-susceptibility inverse problem was 
solved using the HEIDI (Homogeneity Enabled Incremental Dipole Inversion) method8.  
 

RESULTS – A representative example before and after retrospective motion correction is demonstrated in Figure 1. As indicated by red arrows, motion artifacts visible 
in the background of the magnitude and phase images were suppressed. Furthermore, the artificial bands discernible on the background-corrected phase image and the 
relaxation and susceptibility maps were also reduced after motion correction (see red arrows).  
DISCUSSION – The advantage of the presented approach is that it can be applied to already acquired datasets since it only requires k-space data as input, and does not 
rely on external motion tracking equipment or modifications of imaging sequences. This allows reduction of discarding motion corrupted datasets, and leads to higher 
efficiency of clinical studies that involve QSM or R2* analysis. It is important to note that the motion correction method that we use has certain limitations: strong 
rotations and out-of-FOV motions lead to irreversible loss of information resulting in scenarios too challenging for autofocusing-based correction. Additionally, we 
noticed that GradMC changes the global position of subjects’ heads in corrected volumes by different offsets in each of the four echoes. This necessitates registration of 
the echo volumes prior to R2* and QSM analysis possibly causing blurring due to interpolation. Future work will aim to address the problem of spatial misalignment  by 
correcting all echoes simultaneously with the same set of motion parameters. We also observed the phase wrapping pattern to change after motion correction, but this 
did not seem to impair phase unwrapping and background field removal.  
 

CONCLUSION – Applying autofocusing-based retrospective motion correction to the complex-valued GRE data acquired in the presence of subject head movement 
reduces the degradation due to motion of magnitude and phase images, and leads to substantially improved accuracy of quantitative susceptibility and relaxation maps.  
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Figure 1: From left to right, magnitude, phase, SHARP phase, R2* and susceptibility maps were presented, respectively. The first row shows the results obtained on the 
original data, while the second row shows maps computed on motion corrected data. 
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