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Objective: To clarify the clinical and radiological features of adult onset anti-myelin

oligodendrocyte glycoprotein (MOG) antibody-associated bilateral medial frontal cerebral

cortical encephalitis (BFCCE).

Methods: We systematically reviewed the literature for patients with anti-MOG

antibody-associated BFCCE. Patients who were also positive for other

encephalitis-related autoantibodies were excluded from the study. The frequency

of several characteristic neurological symptoms and lesion distributions were analyzed.

Results: We identified six patients with anti-MOG antibody-associated BFCCE. Among

them, 6/6 had headache, 4/6 had fever, 3/6 had seizure, 2/6 had paraparesis, 2/6

had lethargy, and 2/6 had memory disturbance. CSF pleocytosis was observed in 5/6

patients, while CSF myelin basic protein was not elevated in any of the six patients.

On brain MRI, 6/6 had bilateral medial frontal cortical lesions, 3/6 had corpus callosum

lesions, and 3/6 had leptomeningeal enhancements. Most of the lesions were distributed

in the territory of the anterior cerebral artery (ACA).

Conclusion: Our results indicate that anti-MOG antibody-associated BFCCE presents

with characteristic clinical symptoms and MRI findings, which might reflect lesion

formation in the ACA territory.

Keywords: MRI, anterior cerebral artery, bilateral medial frontal lobe, myelin oligodendrocyte glycoprotein,

cerebral cortical encephalitis

INTRODUCTION

Anti-myelin oligodendrocyte glycoprotein (MOG) antibody-associated disease is a recently
established spectrum of diseases. Conformation-sensitive antibodies against MOG are detectable
in patients with optic neuritis, myelitis, opticomyelitis, acute or multiphasic disseminated
encephalomyelitis (ADEM/MDEM) and brainstem/cerebral cortical encephalitis, although they
are rarely detected in patients with prototypic multiple sclerosis or anti-aquaporin 4 (AQP4)
antibody-positive neuromyelitis optica spectrum disorders (NMOSDs) (1–13).

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2020.600169
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2020.600169&domain=pdf&date_stamp=2020-12-16
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:j-fujimori@tohoku-mpu.ac.jp
https://doi.org/10.3389/fneur.2020.600169
https://www.frontiersin.org/articles/10.3389/fneur.2020.600169/full


Fujimori et al. Frontal Cortical Encephalitis With MOG

Cerebral cortical encephalitis with MOG antibody is a disease
entity that we first described and can be divided into two
types (9, 10). One is unilateral (9), and the other is the
bilateral medial frontal type (10). The unilateral type was
first reported as part of a case series of four patients (9).
All the patients were adults, and their main symptom was
focal seizures, which often evolved to bilateral tonic-clonic
seizures. Cerebrospinal fluid (CSF) pleocytosis was observed
in these patients, and brain MRI demonstrated unilateral
cerebral cortical hyperintensities best seen on fluid-attenuated
inversion recovery (FLAIR) sequence, which were swollen and
corresponded to hyperperfusion on single photon emission
computed tomography (SPECT). Subsequent to these reports,
similar cases have been reported that have broadened the clinical
spectrum of this disorder (11, 14–17). Meanwhile, the bilateral
medial frontal type was reported in a case report in which an
adult patient also presented with secondary generalized seizure,
CSF pleocytosis, and bilateral cerebral cortical hyperintensities
best seen on FLAIR sequence (10).

According to a recent study by Wang et al., 20.7%
(18/87) of anti-MOG antibody-positive patients presented with
encephalitis, while six out of 18 were also positive for CSF anti-
N-methyl-D-aspartate (NMDA) receptor (NMDAR) antibodies,
and 94.4% (17/18) had favorable outcomes. Furthermore,
28% (5/18) of patients with anti-MOG antibody-associated
encephalitis had unilateral cerebral cortical lesions, and 33%
(6/18) had frontal and/or parietal cortical lesions close to
the cerebral falx (16). In contrast, Cobo-Calvo et al. reported
abnormal brain MRI in 44% (49/108) of patients with anti-
MOG antibody-associated diseases. Among them, unilateral and
bilateral cerebral cortical lesions were found in 10% (5/49) and
6% (3/49) of patients, respectively (18).

Although cases of unilateral cerebral cortical encephalitis
(UCCE) with anti-MOG antibody have accumulated and were
recently reported in a review article (14), few cases of bilateral
medial frontal cerebral cortical encephalitis (BFCCE) with anti-
MOG antibody have been reported in the literature (16, 18).
Therefore, to clarify the clinical and radiological features of adult-
onset anti-MOG antibody-associated BFCCE, we conducted a
literature search focusing on this disease.

METHODS

We reviewed the literature for cases of anti-MOG antibody-
associated BFCCE. We searched PubMed and the literature in
Clinical and Experimental Neuroimmunology (CENI), which
is an international journal sponsored by the Japanese Society
for Neuroimmunology (https://onlinelibrary.wiley.com/journal/
17591961), for “[bilateral] AND [MOG],” “[bilateral] AND
[encephalitis],” “[MOG] AND [encephalitis].” All relevant
published articles dating back 10 years fromAugust 13, 2020 were
reviewed for potential study inclusion. Patients were included if
they (a) were older than 17 years, (b) had predominantly bilateral
medial frontal cortical T2-FLAIR hyperintensities at presentation
and (c) had MOG-IgG antibodies that were identified by
cell-based assay (CBA) in serum and/or CSF. Patients were T
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FIGURE 1 | Superimposed MRI lesions from previously reported patients with anti-MOG antibody-associated unilateral cerebral cortical encephalitis (UCCE) and

bilateral medial frontal cerebral cortical encephalitis (BFCCE). (A) Axial view at the level of the centrum semiovale indicates that MRI lesions in patients with anti-MOG

antibody-associated BFCCE were mostly located in the peripheral territories of the anterior cerebral arteries. (B,C) Axial views at the level of the lateral ventricles and

the centrum semiovale indicate that MRI lesions in patients with anti-MOG antibody-associated UCCE were mostly located in the peripheral territories of the middle

cerebral arteries.

excluded if (a) they were copositive for other encephalitis-related
autoantibodies and (b) lacked sufficient data. A total of 1,051
search results were screened for potential inclusion in this review.

To better visualize the distributions of cortical and
juxtacortical lesions in previously reported cases of BFCCE
and UCCE with anti-MOG antibodies onMRI, we superimposed
them with a computer software program (PowerPoint 2016).
Transparencies of the traced lesions on axial FLAIR images
were overlaid on standardized axial sections (at the level of the
lateral ventricles and the centrum semiovale) so that the densities
reflected the distribution of the lesions.

RESULTS

We identified six adult patients with anti-MOG antibody-
associated BFCCE (Table 1). The mean age was 34 years (range
18–46 years), and 3/6 (50%) were male. Five patients were
Japanese, and the other was Chinese. Among them, 6/6 had
headache, 4/6 had fever, 3/6 had seizures (secondary generalized
seizures in two patients, epilepsia partialis continua in one
patient), 2/6 had paraparesis, 2/6 had lethargy, and 2/6 had
memory disturbance. On brain MRI, 6/6 had bilateral medial
frontal cortical lesions, 3/6 had corpus callosum lesions, and 3/6
had leptomeningeal enhancements.

CSF pleocytosis was observed in 5/6 patients, while CSF
myelin basic protein (MBP) levels (<102 pg/ml) were not
elevated in any of the six patients. A favorable response to steroid
treatment was observed for all patients. The clinical symptoms
and brain MRI findings were partially improved only by the
administration of antiepileptic drugs but relapsed later and were
relieved after steroid treatment in cases 2 and 4.

Superimposed MRI lesions in previously reported six patients
with anti-MOG antibody-associated BFCCE (10, 16, 19–21)
indicated that most of the lesions were distributed in the
peripheral territories of the anterior cerebral arteries (Figure 1A).

In contrast, superimposed MRI lesions in previously reported 13
patients with anti-MOG antibody-associated UCCE (9, 11, 14–
16, 22–25) indicated that most of the lesions were distributed
in the peripheral territories of the middle cerebral arteries
(Figures 1B,C).

DISCUSSION

In this study, we showed that adult-onset anti-MOG antibody-
associated BFCCE is a characteristic phenotype of cerebral
cortical encephalitis. Similar to anti-MOG antibody-associated
UCCE, BFCCE was characterized by an adult onset, main
symptoms of headache, fever, and seizure, steroid responsiveness,
and cerebral cortical FLAIR hyperintense lesions on MRI. In
contrast, anti-MOG antibody-associated BFCCE presented with
several characteristic clinical symptoms, such as paraparesis and
lethargy, that are caused by the involvement of the motor cortex
and medial side of the frontal lobe.

Paraparesis was observed in two patients (Cases 1 and 5).
In case 1, paraparesis was observed only subjectively, and mild
muscular weakness was objectively observed in the right lower
limb. In case 5, the patient initially complained of dizziness
and experienced a focal motor seizure in the right leg that
subsequently generalized. Thereafter, the paraparesis progressed
gradually, and the patient became completely paraplegic with
spasticity. Therefore, paraparesis might be subtle or noticed
as dizziness in the early stage of this illness. Furthermore,
paraparesis without sensory symptoms might indicate cerebral
cortical lesions. In contrast, in case 4, postictal paraparesis was
observed due to epilepsia partialis continua.

To date, pathological studies on anti-MOG antibody-
associated disease have revealed perivenous inflammatory
demyelination (15, 26) with MOG-dominant myelin loss
(13, 17). Furthermore, a recent pathological study that
analyzed 2 autopsies and 22 brain biopsies reported that
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anti-MOG antibody-associated disorder was characterized by
the coexistence of both perivenous and confluent white matter
demyelination, with an overrepresentation of intracortical
demyelinated lesions (27). Cortical demyelination was associated
with meningeal inflammation, and in contrast to multiple
sclerosis, intracortical rather than leukocortical demyelinated
lesions predominated (27). These results may suggest that
perivenous inflammatory demyelination in the cerebral
cortex can be a primary pathological change in anti-MOG
antibody-associated cerebral cortical encephalitis.

Although we considered that UCCE and BFCCE with anti-
MOG antibodies would share a common pathogenesis, the
factors that determine their unique lesion distribution have not
been clarified. Interestingly, our study indicated that in typical
patients with UCCE and BFCCE with anti-MOG antibodies,
their lesion distribution mostly coincides with the peripheral
territories of the middle cerebral arteries (MCAs) (9, 11, 14–
16, 22–25) and anterior cerebral arteries (ACAs) (10, 16, 19–
21), respectively. Moreover, vasodilatation of the branches of
the MCAs or ACAs has been previously described in patients
with anti-MOG antibody-associated UCCE or BFCCE (21, 22),
although the vasodilatation observed in these patients might be
explained by seizure activity. In contrast, we recently reported an
adult case of anti-MOG antibody-associated left UCCE in which
the patient only presented with ipsilateral headache without
seizures, while MR angiography (MRA) showed dilatation of the
left MCA branches that resolved after steroid treatment (11).
These observations of the lesion distribution and vasodilatation
might suggest that the peripheral vessels of the MCA or ACA are
involved during lesion development.

Vascular involvement has also been suggested in other forms
of anti-MOG antibody-associated encephalitis. For example,
in anti-MOG-associated leukoencephalopathy and brainstem
encephalitis, punctate and curvilinear gadolinium enhancement
(PCGE) has been reported (28–30). Cerebral PCGE with
hyperintensities on T2WI and FLAIR in the corresponding
areas is an MRI finding that may be seen when the blood-
brain barrier (BBB) of the small vessels is disrupted by a direct
injury of the endothelial cells or by an angiocentric cellular
infiltrate (31). However, since there have been other reports
describing cortical lesions other than those observed in UCCE or
BFCCE with anti-MOG antibodies (17), our hypothesis cannot
be applied to all cases of anti-MOG antibody-associated cerebral

cortical encephalitis. Moreover, vasodilatation must be caused
secondarily by cortical inflammation.

Regarding the CSF findings, CSF pleocytosis was observed
in most cases, while CSF MBP elevation was not observed,
as has also been reported in cases of anti-MOG antibody-
associated UCCE (9, 14). However, in general, CSF MBP levels
can reflect myelin damage in the central nervous system,
and pathological studies show demyelinating lesions in anti-
MOG antibody-associated disorders. Furthermore, previous
studies have indicated that CSF MBP levels are elevated in
anti-MOG antibody-positive patients with neuromyelitis
optica spectrum disorder (NMOSD), transverse myelitis,
and acute disseminated encephalomyelitis (ADEM) (32).
Therefore, the reason why CSF MBP elevation is rarely
observed in patients with anti-MOG antibody-associated
cerebral cortical encephalitis needs to be clarified in
the future.

Last, our study has several limitations. First, we were only able
to identify a small number of Asian cases. Second, we collected
data retrospectively and could not obtain enough imaging
information from non-case reports. Third, we are missing cases
reported in journals other than CENI that are not searchable
in PubMed.

CONCLUSION

BFCCE with anti-MOG antibody presents characteristic clinical
findings, such as paraparesis, lethargy, and memory decline,
and radiological findings. Although ACA involvement might be
observed in this disease entity, further analysis is needed to clarify
its pathogenesis.
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