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ABSTRACT

White matter lesions visible on T2-FLAIR MRI serve as primary diagnostic and
monitoring biomarkers in both multiple sclerosis and cerebrovascular disease, yet
their manual delineation by neuroradiologists is slow, resource-intensive, and
variable between raters. Deep learning segmentation models — particularly
three-dimensional U-Net architectures and vision transformers applied to multi-
modal MRI — have been developed as automated alternatives. A review of 36
studies published from 2016 to 2024 indicates that these models achieve Dice
similarity coefficients of 0.72—0.89 for MS lesion segmentation and 0.68—0.84
for cerebrovascular WML, values that overlap substantially with the reported
range of inter-expert agreement. Lesion volume estimates from automated
segmentation correlate with manual reference measurements at r=0.91-0.98. For
longitudinal MS monitoring specifically, automated detection of new or enlarging
lesions reaches sensitivity of 78-93% with specificity of 88-97%. These
capabilities have practical implications for MRI services operating under
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neuroradiological workforce constraints, including those in Uzbekistan where

specialist neuroimaging interpretation is concentrated in Tashkent.

Keywords: white matter lesions; deep learning; MRI; FLAIR; multiple sclerosis;
cerebrovascular disease; lesion segmentation; neuroimaging

1. INTRODUCTION

Signal hyperintensities in the cerebral white matter on T2-weighted and FLAIR
MRI sequences are among the most commonly encountered findings in
neurological imaging. Their interpretation, however, is far from straightforward:
depending on the clinical context, distribution, size and accompanying imaging
features, they may represent inflammatory demyelination in multiple sclerosis,
chronic ischaemic change in cerebrovascular disease, axonal loss downstream of
cortical injury, or — in older individuals — a mixture of these processes
(Wardlaw et al., 2015). In MS, lesion burden and the occurrence of new or
enlarging T2 lesions constitute both required diagnostic criteria under the
McDonald framework and the primary endpoints in phase II and III clinical trials.
In cerebrovascular disease, WML volume correlates with vascular risk factor
burden and independently predicts future stroke, cognitive decline and falls.
Despite this diagnostic centrality, quantification of WML in routine clinical
practice remains largely qualitative. Formal volumetric lesion mapping — where
it 1s performed — requires 20—60 minutes of neuroradiologist time per patient
and is subject to well-documented inter-rater variability that complicates
longitudinal comparisons. Deep learning offers a path towards automated,
reproducible, and scalable WML quantification. The proliferation of publicly
available training datasets and the maturation of segmentation architectures have
enabled meaningful benchmarking of these approaches against expert manual
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segmentation. The present review evaluates that evidence base with attention to
the specific performance requirements of MS disease monitoring and
cerebrovascular risk assessment, and to the implications for neuroimaging
practice in Uzbekistan.

2. MATERIALS AND METHODS

PubMed, Scopus and IEEE Xplore were searched for deep learning WML
segmentation studies published between 2016 and 2024. Studies were included if
they reported Dice similarity coefficient, lesion volume correlation, or detection
sensitivity and specificity against expert manual segmentation in samples of at
least 50 patients, and if the primary pathology was MS, cerebrovascular disease,
or a mixed WML population. Thirty-six studies met criteria. Architectures, input
modalities and performance metrics were extracted and summarised by clinical
indication.

3. RESULTS

Segmentation performance. For MS lesion segmentation, DSC values across the
36 included studies ranged from 0.72 to 0.89, with a mean of approximately 0.81.
The reference inter-expert agreement DSC in the same studies was 0.78—0.92,
meaning that in most comparisons automated segmentation approached but did
not consistently match the upper bound of human performance. Three-
dimensional architectures outperformed two-dimensional counterparts by a mean
0f 0.06 DSC, and multi-modal input incorporating T1 alongside FLAIR improved
DSC by a mean of 0.07 compared with FLAIR alone. For cerebrovascular WML,
which tend to be smaller, more numerous and less sharply demarcated than MS
plaques, DSC ranged from 0.68 to 0.84.
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Longitudinal monitoring. For new or enlarging lesion detection in sequential MS
MRI scans, sensitivity was 78—-93% and specificity 88—97%, with performance
dropping substantially for lesions below approximately 10 mm?® in volume.
Lesion volume from automated segmentation correlated with manual reference
volumes at r = 0.91-0.98 across the dataset. Models that had been trained and
validated on data from single MRI scanner vendors showed measurable
performance degradation when applied to scans acquired on different hardware,
a generalisation limitation with direct implications for multi-site deployment.

4. DISCUSSION

The finding that automated deep learning segmentation approaches inter-expert
agreement DSC for MS lesions — while not universally matching the upper range
of expert performance — represents a clinically significant advance. For the
specific purpose of tracking lesion volume change over time in treated MS
patients, where the critical question is whether new lesions have appeared or
existing ones have enlarged, the combination of high sensitivity (78—93%) and
high specificity (88—97%) for new/enlarging lesion detection provides a clinically
actionable signal. The more modest performance for small lesions is unlikely to
be fundamentally resolved by architectural improvements alone; it reflects the
signal-to-noise characteristics of current clinical MRI protocols and may require
acquisition parameter optimisation in parallel with algorithmic development. For
Uzbekistan, where MS diagnostic capacity is largely concentrated in Tashkent's
tertiary hospitals, the most immediately useful application of automated WML
analysis would be as a decision support tool that provides preliminary lesion load
estimates and flags interval change for radiologist confirmation.
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5. CONCLUSION

Deep learning WML segmentation achieves DSC of 0.72—0.89 for MS and 0.68—
0.84 for cerebrovascular applications, approaching inter-expert agreement and
demonstrating strong lesion volume correlation (r = 0.91-0.98) with manual
reference standards. Longitudinal new-lesion detection sensitivity of 78—93%
supports its use as a monitoring tool in MS. For neuroimaging services in
Uzbekistan, automated WML segmentation represents a near-term translatable
technology for improving diagnostic throughput and supporting treatment
monitoring, contingent on local validation of available models on Uzbek MRI

acquisition protocols.
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