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Introduction
In previous work [1] we have introduced an automatic pipeline based on diffusion-weighted tractography

for the reconstruction of four white-matter structures of interest [2]. These anatomical reconstructions are
visualized during brain tumour surgery to aid in the prevention of sensorimotor, visual and language deficits.
The current work outlines the steps taken to bring the automatic pipeline to the clinical practice.

Methods
In Figure 1 an overview is given of the automatic tractography pipeline. Significant updates have been made

by 1) further refining the tractography results by region-of-interest improvements based on feedback from clinical
experts, 2) post-tractography filtering of spurious fibers using Fiber-To-Bundle Coherence (FBC) measures [3],
3) incorporating automatic tumor segmentation, 4) developing a (REST-API based) user interface for control
and visualization of the pipeline results, and 5) integrating with the PACS system by providing a DICOM
output of the tractography results.

Results
8 patients are included who were candidates for brain tumor surgery (low and high-grade gliomas). The data

was acquired using a clinically-applicable diffusion weighted imaging protocol (b=1500, n=53) acquired on a
3T Philips Achieva Scanner. Figures 2 to 5 illustrate the results of automatic tractography for the corticospinal
tract (CST), inferior fronto-occipital fasciculus (IFOF), arcuate fasciculus (AF), and the optic radiation (OR),
respectively. The fibers are colored according to their orientation (red=L-R, green=A-P, blue=S-I) and the
glioma is outlined in yellow. The majority of tracts were found to be consistent with anatomical knowledge as
judged by clinical experts. The tractography results were disrupted in some cases, i.e. the IFOF for Pat 6 and
8 and the OR for Pat 3, 8 and 8.

Conclusion
The automatic tractography pipeline produces robust results, owing in part to the deep-learning based

SLANT segmentation of brain regions which is robust to deformations of the brain due to brain shift, and the
FBC method which can remove spurious fibers. A possible downside of the FBC method is that it is necessary to
specify a threshold for filtering, which is currently set conservatively but should ideally be tailored to the specific
patient and take into account the disruptive effects of mass-effects and infiltration caused by the presence of a
tumor. In future work the pipeline will be further evaluated in a non-inferiority study in which the tractography
results are compared to the current clinical standard.
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Figure 1: Overview of the automatic pipeline. (1) FSL EDDY. (2) Preprocessing script based on FSL EDDY
and topup. (3) Constrained spherical deconvolution implemented in MRTrix [4]. (4) NiftyReg. (5) SLANT
deep-learning based segmentation [5], Morel atlas for thalamus nuclei segmentation [6]. (7) BRATS-challenge
algorithm from UCL [7]. (8) Probabilistic FOD-based tractography in MRTrix. (9) Fiber-to-bundle coherence
filtering [3].
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Figure 2: Tractography of the corticospinal tract, shown in the cortical plane. As a seed region the anterior
part of one half of the brain stem is used. The target region is the precentral gyrus including the lateral regions.
Additional refinements were made using the thalamus and the contralateral half of the brainstem as exclude
regions.
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Figure 3: Tractography of the inferior front-occipital fasciculus, shown in the axial plane. The seed region
consists of the triangular part of the inferior frontal gyrus, the orbital gyrus, the opercular and orbital parts
of the frontal gyrus, and the frontal pole. The target regions are the inferior, middle and superior occipital
gyrii. Only the fibers running through the capsula externa are selected by providing this region as an additional
include region to the algorithm.
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Figure 4: Tractography of the arcuate fasciculus, shown in the sagittal plane. As seed regions the triangular
and opercular parts of the inferior frontal gyrus are used. Targets are the planum and middle temporal gyrus.
For additional refinement, the putamen is used (slightly enlarged using dilation) as an exclude region, as well
as the anterior insula.
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Figure 5: Tractography of the optic radiation, shown in the axial plane. As a seed region the lateral geniculate
nucleus is used, with an additional restriction of the seeding direction pointing away from the thalamus towards
the temporal and frontal lobes. The target region is the calcarine cortex (V1 visual cortex). Additional exclude
regions are used as refinement such as the precuneus, basal forebrain and the lingual gyrus.


