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ABSTRACT

Objective: To describe a patient presenting with a clinically silent, incidentally found, and patho-
logically confirmed active demyelinating solitary cortical lesion showing MRI gadolinium contrast
enhancement, in whom biopsy was performed before the radiographic appearance of dissemi-
nated white matter lesions.

Methods: Neurologic examination, MRI, CSF and serologic analyses, and brain biopsy were per-
formed. Sections of formalin-fixed paraffin-embedded biopsied brain tissue were stained with
histologic and immunohistochemical stains.

Results: Biopsy revealed an inflammatory subpial lesion containing lymphocytes and myelin-laden
macrophages. Recurrent relapses with dissemination of MRI-typical white matter lesions charac-
terized the subsequent course.

Conclusions: Our findings highlight that cortical demyelination occurs on a background of inflam-
mation and suggest that the noninflammatory character of chronic cortical demyelination may
relate to long intervals between lesion formation and autopsy. This case provides pathologic evi-
dence of relapsing-remitting MS presenting with inflammatory cortical demyelination and empha-
sizes the importance of considering demyelinating disease in the differential diagnosis of patients
presenting with a solitary cortical enhancing lesion. Neurology® 2011;76:1705–1710

GLOSSARY
EAE � experimental autoimmune encephalomyelitis; MS � multiple sclerosis.

Traditionally, multiple sclerosis (MS) has been considered a disease primarily affecting the
CNS white matter. Nevertheless, gray matter involvement has been recognized for a long
time.1 Recent pathologic studies have revealed that cortical demyelination is more extensive
than previously appreciated,2,3 is characteristic of progressive MS,4 and is devoid of lympho-
cytes and macrophages.3 However, these studies have relied on postmortem tissue analysis from
patients with longstanding disease. Therefore, the pathology of early cortical demyelinating
MS lesions is virtually unknown. Interestingly, pathologic findings in a focal cortical experi-
mental autoimmune encephalomyelitis (EAE) animal model have challenged the concept that
cortical lesions are noninflammatory.5

Recent histopathologic studies have shown that cortical demyelination may occur spatially re-
moved from white matter pathology, without obvious anatomic relationships.6 Therefore, it is
plausible that cortical demyelination could represent the earliest pathologic event in some patients
with MS and, indeed, MRI evidence of MS cortical onset has been previously reported.7

We describe a patient presenting with a clinically silent, incidentally found, and pathologi-
cally confirmed active demyelinating cortical lesion showing MRI gadolinium contrast en-
hancement, in whom biopsy was performed before the radiographic appearance of
disseminated white matter lesions. The patient subsequently fulfilled diagnostic criteria for
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relapsing-remitting MS. This study provides
compelling radiographic and pathologic evi-
dence of relapsing-remitting MS presenting
with inflammatory cortical demyelination.

METHODS The biopsied brain tissue was fixed in 10%–15%
formalin and embedded in paraffin. Sections were stained with
hematoxylin & eosin and Luxol fast blue/periodic acid–Schiff.
Immunohistochemistry was performed using an avidin–biotin
technique and primary antibodies specific for proteolipid pro-
tein, 2�3�-cyclic-nucleotide 3�-phosphodiesterase (CNPase),
neurofilament, macrophages/microglia (KiM1P), CD3� T
(CD3), CD8� T (CD8), and B lymphocytes (CD20), and
plasma cells (CD138) as described previously.8

Case report. A 33-year-old Caucasian woman with a history of
migraine and 4 months postpartum complained of sudden onset
headache and right periorbital pain. She had an upper respira-
tory tract infection 1 week prior to symptom onset. Neurologic
examination was normal. Brain MRI revealed a high signal in-
tensity lesion on T2-weighted imaging involving the left visual
association occipital cortex (figure 1, A– C) that enhanced with
gadolinium (figure 1B, inset). No other lesions were noted. An
open brain biopsy was performed 1 month after symptom onset
to exclude neoplasm.

The biopsy revealed the presence of a hypercellular, fo-

cally destructive, cortical demyelinated lesion extending from

the pial surface through all cortical layers, with extension into

the cortex laterally and partially involving the subcortical

white matter (figure 2, A and B). The lesion was infiltrated by

phagocytic macrophages containing both early and late intra-

cytoplasmic myelin degradation products, consistent with

early-active ongoing cortical demyelination (figure 2, C–F).9

Marked parenchymal and perivascular (�3 cell cuffs around

at least one blood vessel) cortical inflammatory infiltrates

were present and composed of macrophages, microglia,

CD3� and CD8� T cells, B lymphocytes, and plasma cells

(figure 3, A–I). Perivascular and parenchymal lymphocytic

infiltrates in the “pure” cortical part of this subpial lesion

(figure 3, A–D), although highly inflammatory, were less cel-

lular than infiltrates located at the gray/white matter junction

or in the cavitated area (figure 3, F–I). Plasma cells were

largely present in the destructive regions of the cortical plaque

(figure 3E). Neuronal injury was evidenced by the presence of

scattered pyknotic neurons (figure 3J). Macrophages, micro-

glia, and T lymphocytes were often seen in close apposition to

neurons (figure 2H and figure 3, K–N). Foamy macrophages

were also concentrated subpially in the cortical molecular

layer and subarachnoid space (figure 2G). The destructive

region was cavitated, affecting mainly the cortex, with only

Figure 1 Brain MRI prior to biopsy (A–C) and 69 months after biopsy (D–F)

(A) Axial fluid-attenuated inversion recovery (FLAIR) image of left occipital cortical lesion (arrow). (B) Axial T1-weighted
image with contrast showing enhancement of the cortical lesion (arrow); inset shows that contrast enhancement is within
the cortical gray matter (arrowheads indicate the gray/white matter junction). (C) Axial T2-weighted image showing no
periventricular lesions. (D) Sagittal FLAIR image showing the appearance of multiple new white matter lesions, with 2 of the
lesions involving the corpus callosum. (E) Axial FLAIR image with the appearance of new periventricular lesions. (F) Axial
T2-weighted image at nearly corresponding level of image C showing the appearance of new periventricular white matter
lesions.

1706 Neurology 76 May 17, 2011



limited involvement of the gray/white matter junction (figure
2A and figure 3, O and P). The remainder of the lesion
showed relative axonal preservation. Acute axonal injury, evi-

denced by axonal swellings, extended beyond the lesion bor-
ders into the adjacent normal-appearing white matter and
cortex (figure 3, P and Q). Oligodendrocyte density was re-

Figure 2 Biopsy of the initial MRI enhancing lesion shown in figure 1 revealed a highly inflammatory subpial
lesion with predominance of macrophages involved in active demyelination

(A) Subpial lesion showing loss of myelin and an area (arrowheads) of cavitary changes (Luxol fast blue [LFB]/periodic
acid-Schiff [PAS]). (B) Subpial lesion showing loss of immunoreactivity for myelin specific proteins (proteolipid protein
[PLP]). (C) Actively demyelinating macrophages (arrows); arrowheads indicate neurons (LFB/PAS). (D) Actively demyelinat-
ing macrophages (arrows) (PLP). (E) Foamy macrophages (KiM1P). (F) Actively demyelinating macrophages (arrows) (2�3�-
cyclic-nucleotide 3�-phosphodiesterase [CNPase]). (G) Subpial and CSF foamy macrophages (KiM1P). (H) Macrophages/
microglia (arrows) in close apposition to neurons and neurites (KiM1P).
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Figure 3 Cortical and meningeal lymphocytic infiltration, axonal and neuronal injury, loss of oligodendrocytes, and reactive astrocytosis
are other neuropathologic findings in this biopsy

(A) Perivascular CD3� T cells (CD3). (B) Perivascular CD8� T cells (CD8, white arrowhead shows a normal-appearing neuron). (C) Perivascular B cells
(CD20). (D) Perivascular macrophages (KiM1P). (E) Parenchymal plasma cells (CD138). (F) Junctional perivascular CD3� T cells (CD3). (G) Junctional
perivascular CD8� T cells (CD8). (H) Junctional parenchymal CD3� T cells (CD3). (I) Junctional parenchymal CD8� T cells (CD8). (J) Pyknotic neurons (black
arrowheads) and reactive astrocytes (arrows) scattered among healthy neurons (white arrowheads) (hematoxylin & eosin [H&E]). (K, L) Macrophages in
close apposition to neurons (KiM1P). (M) CD3� T cells (CD3) and (N) CD8� T cells (CD8) in close apposition to neurons. (O) Good axonal preservation, except
in the cavitated area (arrowheads) (neurofilament [NF]). (P) Axonal swellings in the cavitated area (black arrowheads); segmental axonal swellings are seen
along neurites (white arrowheads) (NF). (Q) Axonal swellings in normal-appearing gray matter (black arrowheads); white arrowheads follow a neurite with
segmental axonal swellings (NF). (R1) Oligodendrocytes in normal-appearing cortex (2�3�-cyclic-nucleotide 3�-phosphodiesterase [CNPase]). (R2) Loss of
oligodendrocytes in the subpial lesion (CNPase). (S) Gemistocytes (H&E). (T) Mitotic astrocytes (H&E). (U) Creutzfeldt cells (H&E). (V) Cortical reactive
astrocytosis (arrows) extending beyond the lesion borders; healthy neuron (white arrowhead) (H&E). (W) Meningeal CD3� T cells (CD3). (X) Meningeal CD8�

T cells (CD8). (Y) Meningeal B cells (CD20). (Z) Meningeal plasma cells (CD138).
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duced in the cortical plaque (figure 3R2) when compared to
the adjacent nondemyelinated cortex (figure 3R1). A pro-
found reactive astrogliosis was present throughout this sub-
pial lesion (figure 3, J and S–U) extending beyond the lesion
edges into the normal-appearing cortex (figure 3V). Reactive
astrocytes showed a variety of morphologic changes (figure 3,
J and S–U) including mitotic figures (figure 3T) and
Creutzfeldt cells (figure 3U). Mild meningeal inflammation
was also present and consisted of CD3� T, CD8� T, and B
lymphocytes, and plasma cells (figure 3, W–Z).

Following biopsy, the patient developed an incongruous
right homonymous hemianopia that slowly resolved over sev-
eral months. Due to persistent headaches, a CSF analysis was
performed 4 months postbiopsy and demonstrated an ele-
vated CSF immunoglobulin G synthesis rate with normal
protein, glucose, cell count, and one oligoclonal band. Lyme
serology was negative. Six months after biopsy, she com-
plained of left-sided chest numbness. Spine MRI showed 2
subtle T2-weighted lesions at C4 –5 and C6 levels. Eleven
months after biopsy, she developed burning dysesthesias in
the lower extremities. Brain MRI revealed new periventricular
T2-weighted white matter lesions. She fulfilled diagnostic cri-
teria for relapsing-remitting MS. At last follow-up (69
months postbiopsy), brain MRI demonstrated an interval in-
crease in the number of white matter lesions (figure 1, D–F),
and she was started on glatiramer acetate.

DISCUSSION This study provides pathologic evi-
dence of inflammatory cortical demyelination at clinical
onset of MS that preceded radiographic evidence of dis-
seminated white matter demyelination typical of MS
relapses. A recently developed cortical demyelination
rodent EAE model demonstrated that cortical inflam-
mation is early, transient, and rapidly resolving.5 Nota-
bly, this case report is based on a brain biopsy obtained
early in the disease, whereas previous studies describing
noninflammatory MS cortical pathology have relied on
autopsy brain sections from patients who died with
chronic progressive disease.3 The rapid resolution of
cortical inflammation may in part explain these appar-
ent discordant findings with respect to the presence of
inflammation in early vs chronic cortical demyelinating
lesions.

The presence of an inflammatory subpial corti-
cal lesion associated with MRI gadolinium con-
trast enhancement that preceded the classic
dissemination of white matter lesions suggests that
inflammation-induced cortical blood– brain bar-
rier damage and demyelination may be early
pathogenic events in MS. Whereas double inver-
sion recovery MRI techniques may enhance de-
tectability of cortical lesions,10 it is also possible
that there is a very short window of opportunity
for detecting such cortical lesions early in MS. The
transient and rapidly reversible nature of cortical
inflammation and demyelination in early MS5 may
preclude the development of larger, more conflu-
ent demyelinated lesions, thereby making their
clinical or radiographic detection more challeng-

ing, even among symptomatic patients. These
atypical presentations may result in diagnostic
confusion and potentially lead to unnecessary in-
terventions. This case emphasizes the importance
of considering demyelinating disease in the differ-
ential diagnosis of patients presenting with a soli-
tary cortical enhancing lesion.

The present case report, coupled with previ-
ously published MRI data,7 suggests that inflam-
matory cortical lesions at MS onset may precede
the appearance of classic white matter plaques in
some patients with MS. Furthermore, cortical on-
set MS raises interesting questions regarding the
potential role of meningeal inflammation and cor-
tical pathology in initiating and perpetuating the
MS disease process. Most therapeutic, diagnostic,
and research efforts have concentrated on the
white matter pathology in MS. However, a better
understanding of the specific factors within the
cortical microenvironment that favor rapid resolu-
tion of cortical inflammation and demyelination5

may lead to new therapeutic approaches aimed at
targeting early MS cortical pathology.
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level of evidence, the final level will be adjudicated by an independent team prior to publication. Ultimately, these levels can be
translated into classes of recommendations for clinical care, as shown below (right). For more information, please access the
articles and the editorial on the use of classification of levels of evidence published in Neurology.1-3
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