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White matter hyperintensities (WMH) of presumed vascular origin are the most widely studied 

manifestations of cerebral small vessel disease on brain MRI.1 Despite the growing body of 

literature on the imaging characteristics, spatial and temporal trajectories, as well as clinical 

correlates of WMH, there remain considerable unknowns regarding their underlying 

pathophysiology.2 Indeed, insights from radiological-histological correlation studies have 

underscored the heterogeneous nature of WMH pathology, which seems to differ by brain 

region studied.3 Multiple approaches have been proposed to further investigate the spatial 

patterns in which WMH present and determine their association with disease and risk factors. 

These are often either hypothesis-driven, e.g. by differentiating WMH based on their underlying 

vascular territory4, or data-driven using more localized, voxel-wise approaches5. As such, there 

has been an unmet need for established data-driven approaches to assess global topological 

patterns of WMH on brain MRI. 

With the advent of deep learning enabled WMH segmentation algorithms, large scale data 

driven analyses into the underlying topology have become feasible using additional machine 

learning based clustering approaches. Nonetheless, the application of these methods to highly 

non-isotropic resolution images - which are often used in a clinical setting - can be challenging. 

U-Net style deep learning architectures, however, have proven to be able to address these 

challenges at different levels of image resolution and image quality.6,7 

In this issue of Neurology, Phuah et al.8 report findings from a multivariate voxel-based spectral 

clustering approach to identify different WMH spatial patterns on 3 tesla FLAIR MRI scans from 

the Alzheimer’s Disease Neuroimaging Initiative (ADNI), which were segmented using a U-Net 

style deep learning approach. The authors used scans from >1,000 participants and found five 

distinct WMH spatial patterns that reflected different underlying disease etiologies. Notably, a 

juxtacortical WMH pattern was associated with probable cerebral amyloid angiopathy (CAA) and 

increased accumulation of amyloid-β in the brain, whereas a deep frontal WMH pattern was 
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indicative of arteriolosclerosis. This work provides a much needed first step in the direction of 

exploring disease-specific spatially distinct patterns of WMH and opens the door to apply these 

types of data-driven approaches to other MRI manifestations of cerebral small vessel disease. 

While this work provides an important step in the global data-driven analyses of spatial WMH 

patterns, there remain several challenges that should be addressed in future studies. 

Segmentations based on deep learning approaches are known to be biased towards the 

population on which they were trained. With a limited number of training and testing samples, 

and without an external validation set, it remains to be determined whether the algorithm 

developed by the authors will generalize to other studies. As such, reproducibility remains to be 

demonstrated in independent cohorts. In addition, as the challenge of accurately segmenting 

lesions on MRI with highly non-isotropic resolution remains, poor segmentation accuracy can 

lead to missed patterns or spurious signals in these kinds of analyses, which may benefit from 

the use of 3D FLAIR images. It therefore is crucial with any type of machine learning algorithm 

to tie findings back to specific, biologically plausible signals in the data. This also relates to 

clustering algorithms that are not necessarily producing stable results, e.g. due to different 

initialization of parameters, depending on a subset of the data. While juxtacortical WMH signals 

in ADNI have been reported previously using T1-weighted MRI scans9, analyses need to take 

contrast specific signals that may not reflect the disease burden of interest, such as potential 

susceptibility artifacts, hyperintensities of the gray/white matter boundary, or enlarged 

perivascular spaces into account, as they may alter the findings. Especially in patients with 

CAA, MRI-visible perivascular spaces are often found in juxtacortical areas, with similar signal 

characteristics as WMH on FLAIR.10 

Despite these potential caveats, establishing the existence of distinct spatial patterns of WMH 

will contribute to further our understanding on the underlying pathophysiological mechanisms 

that drive WMH in the first place. It further supports our understanding that WMH burden 
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develops heterogeneously throughout the brain and that other aspects besides known risk 

factors are highly relevant to these observed patterns. Notably, as topological differences in 

WMH are becoming of great interest to the community, the study highlights the importance of 

accounting for other comorbidities in the process. This is of particular importance for the 

translation of these findings into clinically-relevant biomarkers of disease state and trajectories. 

In conclusion, while WMH have traditionally been regarded as the hallmark signs of cerebral 

small vessel disease, the recent push to unravel their distinct topological patterns holds the 

potential to better understand underlying mechanisms that give rise to WMH, which includes an 

amyloid-related pathophysiology. As such, incorporating WMH spatial patterns may contribute 

to improved clinical decision making in the future. The remaining questions of reproducibility and 

generalizability will need to be addressed in large-scale analyses beyond the populations 

presented in this study to ensure its utility for clinical use. 
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