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Synopsis
In tumor cases, several fiber bundles are displaced, destroyed, or infiltrate the tumor zone. For surgical planning, it is important to have the
best estimation of the bundles near the tumor and in the edema. In neurosurgical tractography, DTI is the clinical standard and most used
tractography method in publications. DTI does not correctly estimate local crossing fibers and is limited by edema contamination. In this
work, we compare 4 tracking algorithms (DTI, HARDI deterministic, probabilistic, a new probabilistic edema-informed) applied to tumor
cases, show differences and advise on the choice of tractography algorithm to be used in neurosurgical cases.

Introduction
In diffusion MRI (dMRI), most of algorithms used are developed on healthy subjects. Applying these algorithms to neurosurgical subjects does not
guarantee success and leads to difficulties due to the tumor zone affecting mask definition needed by tractography. In neurosurgical tractography,
98% of studies are based on the diffusion tensor imaging (DTI) . The main problems of the DTI is a bad estimation of crossing fibers and also a poor
reconstruction of the tensor in edema-contaminated voxel. In tumor cases, it is complicated to obtain optimal tractography in and around
degenerated brain tissues (edema, necrosis, infiltrated tissue). To advice which tracking algorithm to use, this abstract compares classical methods
(DTI, HARDI deterministic, HARDI probabilistic) and one new method (HARDI probabilistic edema-informed) of tractography in tumor case.

Methods
Dataset

In this study, 5 tumor cases were selected. Table 1 summarizes the tumor type for each subject. Four subjects were acquired on a 1.5T MRI
(Siemens, Magnetom), acquiring a 1mm T1-weighted image, dMRI with 64 directions distributed at b=1000 mm /s and one b=0 image. One subject
was done on a 3T MRI (Philips, Ingenia) with an isotropic 1mm T1 weighted image and a dMRI with 64 directions distributed at b=1500mm /s, and
one b=0 image and a reversed phase encoded b=0 image. The preprocessing performed on the dMRI (denoising, topup/eddy, N4 bias correction, DTI
and fODF  metrics) and the T1 (denoising, N4 correction, registration, tissue segmentation) is based on healthy subject algorithms . For each
subject, the edema and tumor regions were manually segmented and validated by our neurosurgeon.

Tractography

Three tracking algorithms often used in healthy and neurosurgery cases were performed: DTI , multi-peak (with the maxima extracted from the
fODF) , local fODF probabilistic tractography  and one probabilistic tractography algorithm developed for tumor cases: Edema-informed
anatomically constrained particle filter tractography (EI-PFT) . The 4 tracking techniques use the same, step size, angular constraint and seeding
mask as the sum of the edema and the white matter (WM) mask, with 5 seeds per voxels. Then, DTI, multi-peak and local fODF tracking use the sum
of the WM and edema masks as the tracking mask. The EI-PFT uses the include and exclude maps to implement the anatomical constraints .

Bundling

For each tracking algorithm, fiber bundles were automatically extracted to evaluate the quality of the tractography. They were also visualized and
selected if they were near or traversing the edema region. The fiber bundle extraction is performed with Recobundle  and extracts 32 large WM
bundles.

Results
In Figure 1, the left inferior longitudinal fasciculus (ILF) and left arcuate fasciculus (AF) are displayed for each tracking method for the subject 5. The
bottom part of the AF is impacted by the core of the tumor. The expected ILF shape was not recovered due to tumor deformation. The core of the
tumor pushes the ILF or destroys a part of the ILF. For DTI tracking, the ILF and AF have a wrong shape (lack of fanning and bending respectively).
For the multi-peak tracking, the shape of the ILF and AF is also wrong. Now for the local fODF and the EI-PFT tracking, the two bundles have an
anatomically coherent shape.

To compare the local fODF and EI-PFT tracking, the part of bundles near the tumor core and in the edema are analyzed. In Figure 2.A, streamlines
from local fODF tracking are stopped by the tumor (in the circle) and unable to terminate at the cortex. In Figure 2.B, the EI-PFT tracking shows less
streamlines that are stopped by the tumor and the streamlines connect the cortex, by the design of EI-PFT with ACT.

In Figure 3, for the subject 5, the volume of the bundles that are in the edema is computed. The volume of the local fODF tracking is higher than the
volume of the EI-PFT tracking. The volume of the DTI and multi-peak tracking is low. In Figure 4, the volume of the association and projection fibers
across the 5 subjects confirm the volume pattern shown in Figure 3.
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Discussion & Conclusion
The local fODF and EI-PFT tracking are the most appropriate methods in neurosurgical tractography. These two methods give bundles with an
anatomically coherent shape and a larger volume than DTI and multi-peak tracking. The local fODF tracking gives an idea about the underlying shape
of the bundle but does not guarantee that streamlines connect cortex. EI-PFT tracking produces streamlines that are anatomically correct with less
broken fibers than the local fODF tracking. This study shows that we need to go beyond simplistic methods and include tissue information into a
surgery-robust tractography pipeline.
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Figures

Table 1: The tumor type for each subject used in the study. The subject 5 was acquired in the 3T MRI.
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Figure 1: The AF left and ILF left of the subject 5 extracted from the DTI, multi-peak, local fODF and EI-PFT.

Figure 2: The AF left of the subject 5 extracted from the local fODF tracking in A and the EI-PFT tracking in B, with the tumor core.

Figure 3: For each tracking methods, the bundle volume for each bundle in the edema.

Figure 4: For each tracking algorithm, the volume of the association and projection fibers across the 5 subjects.
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