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Introduction:

planar imaging (EPI) are sensitive to static magnetic field inhomo-
geneities that can cause distortion artifacts in the phase encoding
direction. These artifacts are detrimental for the analyses and se-
veral methods have been developed to correct them. Some me-
thods require the acquisition of a dedicated Bp map like the

Diffusion-weighted images acquired with echo

fieldmap-based method and the state-of-the-art ”blip-up/blip-
down” method (for example, as implemented in the TOPUP
algorithm [5]). Others do not, like methods using non-rigid regis-
tration to a structural image, but they show weaker results [1].
Recently, a method called Synthesized bO Distortion Correction
(Synb0-DisCo) that uses deep learning to perform corrections

without additional data (Schilling et al. 2020 [2]) has been deve-
loped. This study evaluates the Synb0-DisCo algorithm against the
other mentioned methods. We performed comparisons on the
displacement fields, the b = 0 (diffusion-unweighted) images, and
between the b = 0 images and the T1l-weighted images ; using
monocentric data from 50 healthy subjects.
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* Scanner: 3 T Siemens Magnetom Prisma
Image Processing:
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« 26 males and 24 females 3 b =0inthe reverse phase encoding direction
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We performed comparisons in order to evaluate the ability of We first calculated masks on the T1-weighted images with the oooqoy = Z /0 oo ( ) A (2)
each method to 1) correct brain structures’ positions with HD-BET algorithm [8]. To include edge effects, we dilated 0 with F, a centered disp field and ll the O @)+ 0(¢0)
) ' reference centered disp field (TOPUP) ooo @,0) = ——=———= (4)
comparisons of the displacement fields, and comparisons of those masks by 7 mm. We then registered each b = 0 volume with Y, an image : 0¢o,m
the undistorted images with the T1l-weighted image; and to the T1-weighted image with the FSL epi_reg function [9]. —f with 0(0) the marginal entropy of l and
. g . . 8 8 . & g Pl g . 5] (1) — oooa i, = Onn(O — [ (3) 0(0,0) the joint entropy
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Figure 4: Ratio between the NMI (Equation 2) calculated between T1-
weighted image and b = 0 volumes obtained with each correction
method and the NMI calculated between T1-weighted image and the NC

b = 0 volume across the 50 subjects.

Figure 2: Joint histograms between the displacement fields for the Reg Tlw method (left), the
FM method (middle) and the Synb0 method (right), and the TOPUP displacement field, computed
using all 50 subjects. Black line: y = x line, red line: linear regression.

In general, the Reg T1w method underestimates displacements .
. o On average, all methods perform better than no correction
On average, the fieldmap method and SynbO performs similar

estimation (red lines)

SynbO0 performs a noisier estimation .
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Figure 1: Results obtained for a representative slice with each distortion correction method. Top row: b = 0 volume corrected by each method; =L 05 1] E 0.05 ke
middle row: zoom of the first row images registered to the T1-weighted image; bottom row: displacement fields obtained with each method. The Ld‘i Q Tk g
red dot is placed at the same coordinates on each image. Blue lines: segmentation of the gray-white interface performed on the T1-weighted image = 1L — — —  0.00; - - - -
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* Both TOPUP and Synb0 correct strong local distortions at the edge of the brain
¢ Blueline: The ventricles are not well registered in the non corrected image (NC) but this is corrected with every method

Figure 3: Distribution of RMSEdf (Equation 1) across the 50 subjects. Figure 5: Distribution of RMSEwo (Equation 3) across the 50 subjects.

The fieldmap method performs significantly better than the Synb0
method

* Synb0: The red dot is not inside the ventricle as it is for the other methods On both metric, the fieldmap method performs

* Synb0: The white arrow highlights reconstruction artifacts significantly better than the Synb0 method

The significance for the tests of the difference between the fieldmap method and the Synb0 method is tested at p < 0.001 (***) with a one-sided Wilcoxon signed-rank test /
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Discussion Limitations

Comparison between the fieldmap method and Synb0 * It should be noted that results may vary according to the quality and resolution of the data. In

the original Synb0 paper [2], tests performed on the database that is most similar to ours (HCP)

Synb0 can correct strong local distortions Synb0 performs a noisy estimation of the

showed the least improvement with Synb0. Therefore, our results may not generalize to

like the ones appearing at the edge of the displacements

brai databases with very different acquisition parameters.
rain

-> |t adds some displacements where it should not

* In a further study, it could be interesting to perform the analysis on simulated data with
Comparison between other methods various acquisition parameters to test this hypothesis. This type of analysis could also enable to

the the compare the results with a ground truth instead of using the TOPUP method as reference.

fieldmap method performs better than the

Consistently  with literature, Synb0 performs a good estimation on average but
introduces noise, whereas T1-registration tends to . . . . . o
. . ] . * Finally, it would also be interesting to evaluate the influence of each method on diffusion
T1-registration method underestimate the displacements

metrics such as Fractional Anisotropy.

81 (2[4 Although the SynbO method presents better

visual results for the correction of strong local distortions, it is

even when this fieldmap is acquired with limited spatial
resolution.

more advantageous to use the fieldmap method to perform
the correction if the double-echo GRE images are available,
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