Small vessel cerebrovascular disease and late-onset epileptic seizures:
Major burden of juxtacortical emphasized white matter hyperintensities
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Background: Late-onset first epileptic seizures (LOFES) are often
presumed to occur due to occult small vessel cerebrovascular disease
(SVCD) [1], although the exact underlying pathophysiological
mechanisms still remain unknown.
Objectives: In this study we aimed to further investigate the burden of
the volumetric content and localization related distribution patterns of
white matter hyperintensities (WMH) as well as their impact on cortical
gray matter constitution in patients with LOFES due to SVCD.
Methods: Within a retrospective single-center case-control study, each
50 LOFES patients aged 60 years or older and matched controls with a
transient ischemic attack (TIA) and controls with no cerebrovascular
clinical incident (patient controls, PC) were enrolled. From all
participants, a structural MRI was obtained. WMH segmentation was
performed on FLAIR images by use of the automated lesion prediction
algorithm of the SPM based LST toolbox in careful manual adjustment.
WMH were then dichotomized into juxtacortical (jWMH) and remaining
‘distacortical’ (dWMH) at 3 mm distance from the cortex by use of
BIANCA`s distance map tool.
Fig.2. Boxplots of the relational group comparisons of juxtacortical localized WMH and causal
mediation analysis. In LOFES patients, WMH are significantly juxtacortical emphasized compared to
both control groups. The predictor variables LOFES group, gender, age and tWMH/TIV ratio were
regressed on the jWMH/tWMH ratio variable, which has a mediating effect on mean cortical thickness.
ACME = average causal mediation effects. ADE = average direct effects. Signif. Codes '***' 0.001, '**'
0.01, '*' 0.05.

In VBM analysis, LOFES patients showed a decreased gray matter
volume in frontal lobe, parahippocampal gyrus and cingulate gyrus
compared to both control groups (cluster-size FWE corrected p < .01,
Fig. 3).

Fig.1. Example of the performed WMH segmentation and dichotomization into
juxtacortical (jWMH, red) and distacortical (dWMH,blue) WMH using FSL analysis
tools.

A computation of mean cortical thickness (CT) and a voxel-based
morphometry (VBM) analysis were subsequently performed on T1
weighted sequences using the automated SPM based CAT12 software.
Intrapersonal volume ratios in relation to the total intracranial volume
(e.g., jWMH/TIV) and in relation to the total WMH content (e.g.
jWMH/tWMH) were established to raise comparability. Comparisons of
group means using a Wilcoxon rank sum test with a correction for
multiple comparisons and multiple regressions controlled for the predictor
variables age, gender, group, dementing condition factor, brain volume
and tWMH/TIV were performed in R. Also a mediation analysis was
conducted to investigate, if the changes in the cortical thickness in
LOFES patients were mediated by the jWMH/WMH ratio variable.
Results: LOFES patients were characterized by an increased absolute
volumetric content of juxtacortical WMH (p < .01) and a juxtacortical
shifted distribution pattern of WMH compared to both control groups (p <
.001). In LOFES group, this emphasize had also a mediation effect on
mean cortical thickness (CT, p < .05, Fig. 2). Interestingly, we found no
significant increase in total WMH volume in LOFES patients compared to
TIA patients.

Fig. 3. Exemplary computation of cortical thickness (left) and representative slices that show the
significant clusterwise decrease of gray matter volume in LOFES patients compared to controls
revealed by VBM analysis using the CAT12 toolbox.

Conclusion: Our findings suggest that juxtacortical emphasized WMH
represent a crucial risk factor of LOFES, while implying a lesser role of
total WMH volume. As a possible linkage to a cortical interference, we
detected a mediating impact of this juxtacortical WMH emphasize on
cortical gray matter decrease. This appeared to be restricted to the
frontal lobe, parahippocampal gyrus and cingulate gyrus, which were just
presumed to be part of an epileptogenic network [4] and thus fitting with
the modern understanding of epilepsy as a network level disorder [5].
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