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Multiple sclerosis (MS) is insidious, with a complex
pathology and unknown pathogenesis. MS research-
ers have realized that the condition is not a typical
“white matter disease,” but that damage to the cere-
bral gray matter (GM), both cortical and in deep
gray nuclei, may be as extensive, or more so, as WM
pathology.1 Histopathology2 and MRI studies3,4

show that GM damage becomes increasingly promi-
nent with progression of disease. In the chronic dis-
ease phase, total brain atrophy as measured with
MRI is determined predominantly by GM atrophy.3

While cortical demyelinated MS lesions were investi-
gated and classified histopathologically,5,6 their in
vivo visualization remains challenging.7 On conven-
tional imaging techniques such as T2-weighted MRI,
cortical lesions are missed in up to 95% of the cases,7

and a need for advanced MRI techniques that could
fill this gap became apparent.

One of these newly developed MRI techniques,
double inversion recovery (DIR), uses 2 inversion
pulses to suppress signals from WM and from CSF,
leaving only the cerebral GM visible,8 though also
slightly suppressed. The resulting GM signal, with
better contrast between normal-appearing GM and
GM lesions, endows DIR with a 5-fold increase in
detection of MS cortical lesions.9 The downside of
suppressing so much magnetic resonance signal is
that the resulting DIR image has a poorer signal-to-
noise ratio, making lesion identification more diffi-
cult and less reproducible. To translate DIR results
reliably from single centers to a broader setting, for-
mal consensus among raters from different centers is
needed, as is postmortem verification that DIR signal
hyperintensities truly represent cortical lesions.

Nevertheless, single center results have been im-
portant in showing that cortical hyperintensities on
DIR are not only common and widespread in pa-
tients with MS, but can explain physical and cogni-
tive impairment. Calabrese et al.10 showed that
cortical lesions appear early in relapse-onset MS and
increase in number and size with progression of dis-

ease; further, they showed that these lesions are re-
lated to physical and cognitive impairment,11 and are
associated with other MRI indicators of damage such
as T2 lesion load and WM and GM atrophy.12 They
also showed that cortical lesions are sparse in benign
forms of the disease,13 perhaps (partly) explaining a
more favorable clinical course, and that cortical le-
sion development may be responsive to new treat-
ments such as natalizumab. In this issue of
Neurology®, the same authors14 add to this work by
showing for the first time that lesion probability
mapping can be used to assess frequency and distri-
bution of cortical lesions in a large group of patients
with relapsing-remitting (RR) and primary progres-
sive (PP) MS.

Overall, 68% of their patients with RRMS and
85% of the patients with PPMS had cortical lesions,
but the number of lesions per patient (on average
5–6 lesions) was similar between groups. The distri-
bution of cortical lesions was also similar between
patients with RRMS and PPMS. The most anatomi-
cally specific analyses (voxel-wise statistics) did not
yield any significant results, but quantification by
brain anatomic region showed potentially interesting
patterns of distribution of cortical MS lesions. Corti-
cal lesions on DIR were most often found in frontal
areas, but also in the temporal cortex. Anterior cin-
gulate and motor areas seemed to be predilection
sites, whereas cuneal, calcarine, and lateral occipital
gyrus were relatively spared. This topographic distri-
bution of focal cortical damage certainly warrants
more investigation. Why would some areas of the
MS cortex be more prone to pathology than others?
In Alzheimer disease, pathology initially targets those
areas that are most constitutively activated (default
areas),15 which suggests that neurons that are used
more are lost faster. This is, as the authors indicate,
an equally interesting hypothesis for the MS setting.
With progressing pathology throughout WM and
GM in MS, and functional reorganization of the
brain occurring to maintain function, one may expect
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complex changes of brain network dynamics.
Whether this results in selective vulnerability of cer-
tain neuronal networks or of so-called hubs (highly
connected areas within brain networks), and whether
these changes then contribute to cortical demyelina-
tion that can be visualized with DIR, are all highly
intriguing questions.

Studies like the one by Calabrese and colleagues
illustrate that much progress has been made in visu-
alizing and analyzing GM abnormalities in MS,
which now gives way to new and exciting ideas about
the development and ontology of cortical pathology.
Future studies should confirm the topographic pat-
tern suggested by this study, but should also investi-
gate the precise relations between demyelination and
degeneration, e.g., by studying cortical lesion proba-
bility maps in relation to regional cortical atrophy
measurements. Moreover, this framework should be
used to study the combined effects of cortical MS
lesions and cortical atrophy on clinical, especially
cognitive, impairment. It is intriguing that this study
shows more similarities than differences in number,
volume, frequency, and distribution of cortical le-
sions between 2 groups of patients with MS, which
are otherwise defined by discrepancies in clinical, ra-
diologic, and pathologic features. This is yet another
indication that there is more to MS than lesions only,
and we await further developments within this field
with enthusiasm.
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