Motion and distortion correction in diffusion-weighted MRI of the breast at 3T
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INTRODUCTION

Diffusion-weighted imaging (DWI) is prone to artifacts from both bulk motion of the subject and distortion caused by eddy currents. In addition,
DWIs acquired with echo planar imaging (EPI) are susceptible to nonlinear distortion in the phase-encoding direction due to B, field
inhomogeneities, particularly at field strengths >3T. While a body of literature exists on these topics for brain DWI, little attention to these issues has
been focused on breast DWI. In this study, the value of image registration and B, field map distortion correction are explored in DWTI of the breast.

METHODS
Image Acquisition. Data were acquired from four healthy females with no history of breast disease and an age range of 28 to 53 years and one patient
with invasive ductal carcinoma (age = 47 years). The breast cancer patient was scanned on two consecutive days, resulting in a total of six data sets
for this study. Images were acquired with a 3T Philips Achieva MR scanner (Best, The Netherlands), using a double-breast 4-channel sensitivity
encoding (SENSE) receive coil (Invivo Inc., Gainesville, FL). Three sets of slice-matched sagittal images were acquired for each subject: a B, field
map, a high-resolution 7;-weighted anatomical volume, and a DWI data set. The B, field map was generated from double gradient echo images with
TR\TE \TE\a\NSA = 660ms\2.3ms\4.6ms\40°\1 and a voxel size of 2x2x5 mm>. The 3D T, ;-weighted anatomic volume was acquired with a turbo
field echo (TFE) sequence, spectrally-selective adiabatic inversion recovery (SPAIR) fat saturation, and a voxel size of 0.5x0.5x5 mm°. DWIs were
acquired with a single-shot spin echo (SE) EPI sequence with a SENSE parallel imaging acceleration factor of 2, three orthogonal diffusion encoding
directions, two b-values (0 and 600 s/mmz), an 80x80 matrix, 12 slices, voxel size of 2x2x5 mm>, and TR\TE\NSA = 2254ms\48ms\10.

Image Analysis. Bulk motion and eddy current distortion were corrected using a slice-based affine registration of the DWIs from each diffusion
direction (DWI,, DWI,, DWI,) to their corresponding images in the non-diffusion-weighted image volume (h=0 s/mm?). [1-2] Regions of interest
(ROIs) were manually drawn using the 7;-weighted anatomical volume to segment the glandular tissue on a central slice for healthy subjects and on
the central slice of the tumor in the two data sets from the patient. A two-
sample t-test was used to compare the mean value of the ADC variances
within the ROI between the uncorrected and the corrected data sets.

The effect of employing B, field maps for eliminating nonlinear
distortion caused by B, field inhomogeneities was also studied. First, the
map of pixel shifts caused by the field inhomogeneities was calculated from
the double gradient echo data and applied to the 5=0 s/mm?* images [3].
Then, both the uncorrected and Bj-corrected b=0 s/mm’ image volumes
were registered to the subject’s 7;-weighted image volume using a
nonlinear registration method. [1-2,4] The mean pixel shifts in the phase-
encoding direction within the ROIs were then compared.
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qualitative evaluation of the registration results showed that the By- - -

corrected images were better-matched to the anatomical images than the uncorrected images. B, field map correction results

The mean pixel shift values within the glandular tissue ROIs for the Bj-corrected and Mean pixel shift in the
uncorrected image sets are listed in the table to the right. phase-encode direction (mm)
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Image distortion caused by B, field inhomogeneities impedes direct comparison of the
DWI data with anatomical images and other parametric maps, such as dynamic contrast enhanced MRI. While the results of the quantitative
comparison of the B, field map corrected and uncorrected data presented here suggest that there is relatively little distortion in the uncorrected
images and that B, correction may not significantly improve alignment with anatomical images, the poor registration of the uncorrected images may
have resulted in artificially low pixel shift values compared to the corrected images. A combination of B, correction and nonlinear registration may
provide the best alignment with anatomical images and will be studied further.
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