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Synopsis 

A common way to seed tractography is thresholding the Fractional Anisotropy (FA). This 

technique is problematic for aging diffusion MRI studies because the FA decreases 

dramatically in regions of White Matter Hyperintensities (WMH) and thus, the tractography 

can erroneously start or stop in these WMH regions. We show the importance for 

tractography pipelines to correct for WMH in their tracking masks. We show that the non-

correction can lead to approximately 15% erroneous streamlines, which are false 

connections that can pollute the structural connectome and lead to misinterpretations. 

 

Purpose 

Most tractography processing pipelines are designed and tuned to work on healthy control 

datasets. Pathological brains are often not well suited for tractography. This is the case for 

aging datasets where 90% of subjects older than 60 years show White-Matter 

Hyperintensities (WMH) on MRI images¹. Previous studies have reported a decrease of 

Fractional Anisotropy (FA) in regions of hyperintensities². Decreased FA in WMH will 

certainly have an impact on the seeding and stopping criteria of fiber tracking algorithms. 

This abstract presents the effects and the importance of dealing with these hyperintensities 

on the tracking masks and on the principal fiber orientation distribution function (fODF) 

directions.  

 

Methods 

Datasets are acquired on a 3.0T Philips Achieva from 5 older subjects (mean age: 86.32 

years). On each subject, we have a diffusion weighted images with 22 directions (b = 

1000s/mm² and voxel size: 2x2x2 mm³) and a 1mm isotropic T1-weighted image and a 

0.72×1.20×5 mm3 FLAIR sequence³. Severity of WMH was evaluated by two trained 

operators according to the Fazekas4 rating scale. Using this visual scale, we selected 

subjects with an extensive halo of WMH (grade 3). We compute white-matter (WM), gray-

matter (GM) and cerebrospinal (CSF) maps with Statistical Parametric Mapping5 and a 

WMH probability mask with the Lesion Segmentation Tool6. We compute the fODF7 with 

maximal Spherical Harmonic order of 6
8. We then generate include, exclude and WM-GM 

interface tracking masks as in9. The main problem with these masks is that the voxels with 

WMH are considered like GM voxels (see Figure 1). However, the WMH should be in the 

WM mask. To correct for this problem, we remove them from the interface (Figure 1.B) and 

we add them accordingly in the include and exclude masks. Then, we perform anatomically 

constrained probabilistic tractography using the Particle Filtering Tractography (PFT)9 with 

one seed per voxel from the GW-WM interface.  

 

To study the impacts of hyperintensities on tractography, we do PFT with and without 

tracking mask correction. We extract the number of seeds and streamlines in both results as 

well as quantify streamlines through WMH.  



 

Results 

We notice that the principal fODF direction is preserved (Figure 2) under hyperintensity 

masks and that tractography should be allowed to explore these regions. Figures 3A and 3B 

show erroneous streamlines that start or finish in WMH masks, with and without mask 

correction. We see far less erroneous streamlines with mask correction. Figure 3C shows 

important difference in streamline density in WMH between both tractograms, which highlight 

that with mask correction, there is a large amount of streamlines able to traverse the lesion 

masks. Figure 3D shows the difference of streamlines length and shows that there are more 

long range connections (> 60mm) with mask correction. Finally, Table 1 highlights some 

differences between tractography with and without tracking mask correction. First, when 

accounting for proper lesion masks, 9.51% of seeds are deleted (34,108 false seeds on a 

total of 348,799 seeds) and there are 14.63% less streamlines (14,817 false streamlines on 

a total of 101,186).  

 

Discussion 

A common way to seed tractography is thresholding the FA10. This is problematic for aging 

diffusion MRI studies because the FA decreases dramatically in regions of WMH and thus, 

the tractography is forbidden to explore the white matter structure before it even started 

tracking. This can lead to erroneous seeds and broken streamlines in regions of 

hyperintensities11. Other studies12,13 have used tractography on different brain pathologies 

aging. To bypass the lesion problem in Multiple Sclerosis, studies decided to set manually a 

seeding mask12,13 and use target masks12, which are manually intensive, dependent on the 

expert neuroanatomist and very hard to deploy on large cohorts. Here, we show that given a 

good lesion mask segmentation, one should fill the white matter mask and make sure WMH 

do not appear in the GW or WM-GM interface masks. This is a critical step to seed and 

apply tractography with anatomical constraints9,14.  

 

Conclusion 

White matter hyperintensities have an impact on fiber tracking masks, which impact the 

quality of the whole tractogram and will impact connectivity and connectome studies. 

However, principal fiber ODF directions under the lesion masks seem to be preserved and 

coherent, and hence, the tractography algorithm should be allowed to explore them and 

should be allowed to stop in them. The non-correction of tracking masks or the tractography 

based on thresholding FA could lead to approximately 15% erroneous streamlines, which 

are false connections that can mislead interpretations. The next step is to include more 

subjects and quantify the impact of WMH on the brain connectivity in aging studies.  
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Figure 1: In A, WM-GM interface without corrections. In B, WM-GM interface with correction. 

In C, White matter hyperintensities. The red circle shows the lesion. 

Figure 2: The WMH on T1 in yellow and the green square the region of interest (ROI) (A). 

The peaks show the fODF directions and under the lesion masks (B). The peaks show that 

the WMH don’t affect the fODF directions. 

 



Figure 3: (A) Streamlines without masks correction that start or finish in WMH in yellow. (B) 

Streamlines with mask correction that finish in WMH, which is much less than in (A). (C) The 

histogram of tract count in WMH. (D) The histogram of tract length in WMH. On the 

histograms, the blue color represents the tract with mask correction and the green color 

without the correction.  

 

 

Table 1: Results obtained from the tests on five subjects with mean lesion volume of 49cm³. 


