Mutual Information correction for eddy current-induced Geometric artefacts
In Diffusion-Tensor Tractography
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Abstract

The paper investigated the validity of an image
coregistration method, Mutual Information
correction(MI) for fiber tractography. We found that
mean increase was 18.56(%) in FA and 10.02(°) in first
eigen vector variation angle through MI approach for
White matter ROIs[1]. In addition, Plotted with he
tensor ellipsoid shape, the region of gray matter is more
consistent the T2 turbo spin-echo FLAIR image.

Tractography of Cotico-spinal was used to compare
with reconstructing pathways of MI correction before
and after. Utilization of MI correction of Diffusion-
weighted images generate more consistency with CS
fiber tracks to lateral aspect of the postcentral and
contralateral gyrus. The results reveal that each tract
has a unique spatial signature in term of anatomical
atlas property[2].

1. Introduction

Geometric distortion of echo-planar images produced
by eddy currents induced geometric distortions that vary
with the magnitude and direction of the diffusion
sensitizing gradients. Such distortions derived from
acquiring misalignment that different diffusion gradient
strengths and orientation in turn alternate consequence.

While Diffusion-Tensor Imaging has been an
important tool to reveal reveal axonal fiber tracts in
cerebral white matter noninvasively technique, single-
shot diffusion gradient EPI sequence suffered from
geometric distortion that will have an influence on white
matter Tractography.

This aim of this is works are to utilize the potential
advantage of MI coregistration in the raw diffusion-
weighted images and to visualize more accurate Cortico-
spinal without use of complicate postprocessing in an
extra hardware system.

2. Materials and Methods

Healthy volunteer was scanned on a 1.5T MRI
system (Sonata, Siemens, Germany). A diffusion EPI
sequence was used to acquire transaxial images
encompassing the whole brain. Isotropic spatial
resolution was obtained by setting FOV = 280 mm x 280
mm, matrix size = 128 x 128 and slice thickness = 2.2
mm. Diffusion-weighted images using the diffusion
sensitivity (b-value) = 1000 s/mm? were acquired with

TR/TE = 8900/95 ms. Diffusion DTI encoding schemes
were used 13 icosahedrally-oriented steps. To acquire 55
transaxial view slices covering the whole brain image.
The scan time for each DTI data set was about 5 minutes.

T2 FLAIR were obtained by using the Turbo-spin-
echo image sequence to finish transaxial images to
include whole brain with slice thickness of 5 mm. The
spatial resolution was higher than Diffusion-weighted
images, the image level was more similar to Diffusion-
weighted image. and TR/TE = 8500/99 ms.

We used modified SPM-based procedure that was
called normalized Mutual Information to coregister
DWIs to non-diffusion weighted reference images
method[3-5].

Tractography algorithm used tensor deflection by an
adaptive step size approach[6], tracking fiber results
based on manual selecting of Cotico-spinal local seed
points.

3. Results and Discussion

FA map combining first eigen vector map on 32th
axial slice are shown in Figure 1. Note that the white
arrow appear clarity of the rim along the brain edges in
Mutual Information before and after to exhibit the high
intensity difference due to image distortion.

Whereas the MI correction before and after shown an
increase that was statistically significant in different
white matter ROIls. The ROIs measurement(Table 1)
confirmed this improvement in white matter location
sampled. A mean increase of 18.56(%) in FA and 10.02
(°) in First Eigen vector variation angle was found for
MI correction.

T2 FLAIR Turbo spin-echo transaxial brain image
distinctly segmented into gray and white matter was
shown in Figure 2(Left) comparing with reconstruction
of color-coding FA map(Right) after MI correction on
32th transaxial view image.

As shown in Figure 5, the reconstruction of gray
matter region FA < 0.15 is more reasonable after MI
correction.

Tractography for Cotico-spinal tracks were launched
from selected seed points ROIs in pons to visualize
bypass to display fault tracks with red arrows in Figure 4.
Compared with in Figure 5 such as anatomical atlas
performed CS fiber tracts was correlated to the main
pathway of fiber bundles[2].



Figure 1. Reconstruction First Eigen vector
superimposed FA map with Ml before (Left) and after
(Right).

Table 1. llustration of difference in Mean FA and First
Eigen vector as measured using MI correction in various
ROIs.

White Matter FA error First Eigen vector
variation
ROI region (%) angle (°)
Corpus Callosum  11.68 7.87
Posterior Occipital 18.06 11.25
Internal Capsule 25.94 10.94
Mean 18.56 10.02

Figure 2. Plot of T2 Turbo spin-echo FLAIR and color-
coding FA map on the similar to image level.

Figure 3. Comparison of Gray matter tensor ellipsoid
shape superimposed FA map with MI before(Left) and
after(Right).

Figure 4. Tractography of Cotico-spinal tracks
reconstructed from original Diffusion weighted images.

Figure 5. Tractography of Cotico-spinal tracks
reconstructed through M1 corrected Diffusion-weighted
images.

4. Conclusion

Our results indicate that using MI corrected
Diffusion-weighted  images for  White  matter
Tractography provide alternative calibration approach
eddy current induced phase encoding direction
geometric distortion.

Despite this method raising postprocessing times, Ml
coregistor redction extra data acquisition pulse
sequences.
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