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The  spectrum  of  Myelin  Oligodendrocytes  Glycoprotein  (MOG)  antibody  disease  constitutes  a  recently
described  challenging  entity,  referring  to a  relatively  new  spectrum  of autoimmune  disorders  with  anti-
eywords:
OG-IgG
OG-AD
euromyelitis Optica

bodies against  MOG  predominantly  involving  the  optic  nerve  and  spinal  cord.  The  purpose  of this  article
is to  describe  MRI  features  of MOG-AD  involvement  in the  optic  nerves,  spinal  cord  and  the  brain  of
adults.

©  2019  Elsevier  Masson  SAS. All  rights  reserved.
QP4-IgG
MOSD
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MOG  is a glycoprotein located on the myelin surface and found
xclusively in the central nervous system (CNS). Although its exact
ole remains unclear, it is thought to act as a cellular adhesive
olecule, as a regulator of oligodendrocyte microtubule stability

nd as a mediator of the complement activation cascade.

In recent years, a new diagnostic role has been discovered for

OG  antibodies (MOG-IgG), particularly in adults. While MOG-IgGs
ere initially thought to play a role in typical cases of multiple

Abbreviations: MOG, Myelin Oligodendrocytes Glycoprotein; MOG-SD, Myelin
ligodendrocytes Glycoprotein antibody-associated Spectrum Disorder; NMO, Neu-

omyelitis Optica; NMOSD, Neuro-Myelitis Optica Spectrum Disorder; AQP4-IgG,
quaporin-4 antibodies; MOG-IgG, MOG-antibodies.
∗ Corresponding author.

E-mail addresses: denevemarc@free.fr (M. Denève),
onneville.f@chu-toulouse.fr (F. Bonneville).

https://doi.org/10.1016/j.neurad.2019.06.001
150-9861/© 2019 Elsevier Masson SAS. All rights reserved.
sclerosis (MS), recent studies have excluded this correlation and
highlight its occurrence among patients with isolated or relapsing
optic neuritis (ON) and/or myelitis [1].

Clinically, MOG  antibody disease is closely related to neu-
romyelitis optica spectrum disorder (NMOSD) in terms of the
localisation of inflammatory attacks within the CNS. But while
in the majority of NMOSD cases, the syndrome is associated
with auto-antibodies to aquaporin-4 (AQP4-IgG), the most com-
monly expressed water channel located on astrocytes of the
CNS, up to 40% of NMOSD patients test negative for AQP4-IgG
[2–4].

So, based on the fact that AQP4-IgGs are usually absent in
MOG-IgG-positive (MOG+) patients [4–6], the histopathology of
inflammatory CNS lesions differs between MOG-IgG- and AQP4-
IgG-positive (AQP4+) patients [7,8] and since MOG-IgGs are

pathogenic both in vitro and in vivo, MOG-IgG-related autoim-
munity, also called MOG  antibody disease (MOG-AD) [9], is now
recognised as a distinct nosological entity with specific manage-
ment and therapeutic requirements.

https://doi.org/10.1016/j.neurad.2019.06.001
http://www.sciencedirect.com/science/journal/01509861
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neurad.2019.06.001&domain=pdf
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In this review, we will briefly outline the clinical presentation
f MOG-SD in adults and discuss their MRI  features in detail.

linical and demographic characteristics

MOG-AD can occur in all decades of life, with a median age of
nset in the early to mid-thirties, and it affects slightly more women
han men  (female: male ratio = 1.1:1) [5,9–13].

The most common presenting feature is optic neuritis (ON),
ccurring in 54–61% of patients, followed by myelitis. More rarely
OG-AD involves the brain, the phenotype in these cases is often

imilar to acute disseminated encephalomyelitis (ADEM) or an
DEM-like presentation (e.g., brainstem attack) [9–15] or even
ncephalitis possibly associated with seizures [16,17].

A relapse pattern has been reported in 44–83% of patients
10,11,13] and more commonly involves the optic nerve [11–13].

The impact of relapses on disability is variable: some studies
eport no difference between monophasic and relapsing disease
ourses [11] whilst others report worsening disability associated
ith higher relapse frequency [13]. In case-based series, residual
isability develops in 50–80% of patients [10,12,13], with trans-
erse myelitis at onset being the most significant predictor of
ong-term disability [13].

At presentation, MOG+ patients are thought to be at lower risk
f further relapses than AQP4+ patients and have better visual and
otor outcomes [11,13]. In comparison to children with AQP4+
MOSD, those with MOG-AD tend to be younger, less likely to
resent with area postrema syndrome, but more likely to present
ith ADEM.

Although MOG+ patients often present with severe symptoms,
hey usually display a remarkable recovery after steroid treatment,
nd usually have better visual field outcomes compared to AQP4+
atient, although recurrence of ON is significantly more frequent
18,19].

Although in most cases demyelination associated with MOG
ntibodies occurs without any apparent inciting or predispos-
ng event/illness, it has been associated with demyelinating

-methyl-d-aspartate receptor encephalitis [20], post-infectious
emyelination following herpes simplex virus, Borrelia and
pstein–Barr virus infections and, more rarely, with typical relaps-
ng MS  [7,10,21–25].

ig. 1. 29-year-old woman with bilateral MOG-optic neuritis. Coronal T2-weighted (A),
adolinium and fat saturation MRI. Bilateral and symmetrical optic nerve swelling (A) and

B  and D). Bilateral swelling of the optic nerve head is also present (arrows in B).
adiology 46 (2019) 312–318 313

Whether MOG-IgG play a pathogenic role in all these conditions,
or if they represent a bystander effect or epiphenomenon, remains
unclear.

Recent studies have also reported a higher relapse rate follow-
ing an initial inflammatory demyelinating disorder in paediatric
patients with persistent MOG-IgG1 seropositivity, with one study
[26] even demonstrating the benefits of MOG-IgG1 serological test-
ing in adult patients and highlighting that longitudinal serologic
evaluation of MOG-IgG1 could help predict disease course and that
immunotherapy may  constitute a promising therapeutic approach.

Such outcomes reinforce the need for rapid identification and
confirmation of MOG+ in order to initiate adequate treatment, and
further justify an evaluation of MRI  features associated with this
disease.

MRI  features

Optic nerve MRI findings in MOG-SD

MRI  features of optical neuritis are highly reproducible among
MOG+ patients. During optic neuritis attacks, orbital MRI (ide-
ally acquired with coronal fat-suppressed T2- and post-contrast
T1-weighted sequences) shows an extensive optic nerve T2 hyper-
intensity. This predominantly involves the anterior segments of the
optic nerve, with almost routine inclusion of the intra-orbital seg-
ments, while chiasm and retro-chiasmatic pathways are generally
spared [18,27]. The optic nerve becomes oedematous, enlarged and
tortuous, and optic disc oedema can be observed (Fig. 1). Addi-
tionally, restriction on diffusion-weighted imaging can be seen
(Fig. 2). Inflammation and enhancement of the peri-optic nerve
sheath, partly extending into the surrounding orbital fat, is often
demonstrated (1/3 of cases) [27] (Fig. 2). This seems crucial as
it is not apparent in MS  or NMOSD AQP4+ patients. Optic nerve
involvement is bilateral in 25% of cases (Figs. 1 and 3). All of these
characteristic features provide invaluable insight into the diagnosis
of MOG+ ON.

Furthermore, the MRI  appearance of MOG+ ON differs from
AQP4+ ON since it is more anterior, stretched, oedematous, with

extended inflammation, whereas the latter tends to involve the
posterior segments, including the optic chiasm, more frequently.
MS-optic neuritis is also different in that it is usually unilateral and
occurs in a limited segment [28].

 axial FLAIR with fat suppression (B), coronal (C) and axial (D) T1-weighted with
 Gadolinium enhancement (C), with longitudinally extensive bilateral involvement
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Fig. 2. 27-year-old man with unilateral acute MOG-optic neuritis. DWI  (A) image with corresponding ADC map (B), Coronal T2 STIR (C) and Coronal fat-suppressed contrast-
enhanced T1 (D) MRI  in the same patient. Bright signal diffusion intensity in the left optic nerve (arrow in A) in the acute phase of optic neuritis, with associated reduction
in  ADC, represented by the dark signal of the left optic nerve (arrow in B). T2 hyperintensity (C) of the left optic nerve and inflammation of the surrounding intra-orbital fat
as  well as contrast enhancement (D) of the intra-orbital left optic nerve and concurrent enhancement of the peri-optic nerve sheath, partly extending into the surrounding
orbital fat.

Fig. 3. 22-year-old woman with MOG-optic neuritis in acute phase (A and C) with MRI follow-up after 18 months (B and D). Axial (A and C) and coronal (C) FLAIR-weighted
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nd  fat-suppression, and coronal (D) T2 STIR images. In the acute phase, left optic n
ptic  nerve is visualised on the left (white arrow in B, white circle in D) with contr
welling visualised in the acute phase (orange arrow in A and B).

Orbital MRI  performed during follow-up shows marked regres-
ion of the oedematous appearance observed in the acute phase
nd extinction of gadolinium enhancement. In most patients, resid-
al T2 hyperintensity is evident, persisting over time, and can be
ssociated with optic nerve atrophy (Fig. 3).

pinal cord MRI  findings in MOG-SD

During myelitis attacks, MRI  can demonstrate spinal cord
nvolvement in two different patterns:
longitudinally extensive spinal cord lesions, also known as lon-
gitudinally extensive transverse myelitis (LETM), representing
extensive involvement of the spinal cord, with abnormal hyper-
intense T2 signal crossing at least three vertebral body segments
welling and hyperintensity is visualised in A and C. 18 months later, atrophy of the
al recurrence (red arrow in B, red circle in D). Of particular note, optic nerve head

lengthwise and involving more than 50% of the axial section of
the medullary cord;

• also T2-hyperintense short lesions, that are smaller than 2 verte-
bral segments [5].

Regardless of their extent, such lesions typically involve both
grey and white matter, covering more than 50% of the axial sec-
tion of the medullary cord, and may  be associated with cord
swelling (Fig. 6). Lesions can affect the whole spinal cord but conus
involvement is considered a highly specific location for MOG-AD
diagnosis [5,29,30] (Fig. 5). Patchy, heterogeneous enhancement
with blurred margins (“cloud-like enhancement”) is generally

noted (Figs. 4 and 5). Well-defined nodular enhancement or
meningeal enhancement is also occasionally depicted. A “bright
spotty lesion”, an intramedullary lesion with a higher T2 signal
intensity than CSF, and a T1 “dark lesion” (Fig. 6), an imaging
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Fig. 4. 22-year-old woman with acute MOG-myelitis. Spinal MRI  with sagittal T2-weighted (A), sagittal T1-weighted (B), sagittal (C), and axial (D) T1 with Gadolinium images.
During disease onset, a longitudinal extensive T2 hyperintense lesion (A) involving the cervical spinal cord is seen, as well as cord swelling. MOG-myelitis is isointense in T1
(B)  with no T1 dark lesion, and shows pencil thin ependymal enhancement (arrows in C, confirmed in D) after Gadolinium administration.

Fig. 5. 22-year-old woman  with acute MOG-myelitis. Spinal cord MRI with sagittal T2-weighted (A), sagittal T1 fat-suppressed with Gadolinium (B) and axial T2-weighted
(C)  images. MOG-myelitis short lesions involving lumbar cord and conus. Of particular note, pseudo dilatation of the ependymal canal (A) as a characteristic feature. After
Gadolinium administration, the conus lesion shows a patchy, cloud-like contrast enhancement (arrow in B). On axial section, MOG-myelitis highlights the involvement of
grey  and white matter, >50% of the spinal cord section (C).
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ig. 6. Different aspects of MOG-myelitis lesions on axial T2-weighted images. In
-shaped lesion and in C, “bright spotty lesion”. Preservation of the peripheral T2 h

eature known as indicative of NMOSD AQP4+ [31], seem to be quite
are in MOG+ myelitis.

Whilst small lesions can resemble MS  and large lesions

ay  appear similar to anti-AQP4-associated myelitis, some new

adiological features of MOG-IgG+ related myelitis have been high-
ighted in the recently published paper by Dubey et al. [32]. One of
mbined lesion involving the white and grey matter of the medullary cord; in B,
tensity is apparent.

the most relevant radiological findings described was the presence
of a sagittal line hyperintensity (SLH) surrounded by a cloudier T2-
hyperintense signal, concurrent with a H-shaped hyperintensity

(HSH) seen in axial sequences and due to grey matter involvement.
Interestingly, on axial sequences this T2-hyperintensity appeared
more pronounced around the central canal area. The authors



316 M. Denève et al. / Journal of Neuroradiology 46 (2019) 312–318

Fig. 7. Changes in spinal cord highlighted during follow-up in an 18-year-old woman  with MOG-myelitis. Sagittal T2-weighted or T2/STIR images in serial exams. Cervical
longitudinal extensive transverse MOG-myelitis on initial MRI  (A) with cord expansion. Regression of signal abnormalities and oedema in 1 month (B) and in 3 months (C).
Recurrent remote cervico-thoracic myelitis after 7 months (D). Finally, regression of lesion with discrete T2 hyperintensity and minimal atrophy after 3 years (E).

Fig. 8. Rhombencephalitis as a type of brain involvement in MOG-SD in a 62-year-old woman. Brain MRI with axial diffusion (A), ADC (B), axial (C) and sagittal (D) FLAIR-
weighted images, axial T1-weighted before (E) and after Gadolinium admission (F), perfusion sequence (G) with K2 and rCBV maps and monovoxel TE 135 spectroscopy (E)
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mages.  Confluent lesion in the mesencephalon, very bright on FLAIR (C and D) and v
estriction (A and B). Perfusion sequence (G) shows rupture of the blood-brain barr

uggest that this MRI  feature is associated with MOG-IgG positiv-
ty, since it is found in 28% (15/51) of MOG-IgG+ patients, but only
% (3/39, P = 0.007) of AQP4-IgG+ patients and is never observed in
atients with multiple sclerosis [32].

In our experience, this pattern of central, thin and linear
2 hyperintensity, superimposed on the main lesions along the
pendymal canal, was observed in 50% of anti-MOG myelitis
Figs. 4 and 5). We previously described it as a “pseudo dilata-
ion” of the ependymal canal [33]. This specific imaging sign could
rove extremely useful in identifying lesions indicative of MOG-
D, and it would be certainly interesting in futures studies to focus
n “pseudo-dilatation” of the central ependymal canal and anal-
se its specificity and sensitivity in NMOSD-MOG+ compared to

MOSD-AQP4+ and MS.

After gadolinium administration, linear enhancement of the
pendymal canal (pencil-thin enhancement) can also be observed
Fig. 4).
ark on T1 (E), showing patchy enhancement with blurred margins (F), and diffusion
ectroscopy (E) is not specific, but is not indicative of tumour aetiology.

During follow-up, as in the case of optic neuritis, spinal MRI
shows a marked regression of the signal abnormalities and of the
gadolinium uptake of the spinal lesions. In most patients, dis-
creet residual T2 hyperintensity, persistent over time, is associated
with minimal focal medullary atrophy (Fig. 7), which is less pro-
nounced than in AQP4-IgG+ patients [34]. Interestingly, we note in
some cases that SHS can persist weeks to months after the acute
phase.

Brain MRI  findings in MOG-SD

Brain MRI  is considered normal in 2/3 of cases or else reveals
non-specific supratentorial sub-cortical or small, deep, white mat-

ter foci with hyperintensity on T2-weighted sequences [30]. These
non-specific lesions are generally asymptomatic.

However, in rare cases, atypical T2 hyperintense lesions can
be seen in the brain, with a predilection for the brainstem and
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Fig. 9. An additional case of rhombencephalitis in MOG-SD in a 37-year-old man presenting right facial hypoaesthesia for a duration of 1 month, followed by rotating vertigo.
Axial  FLAIR-weighed (A), ADC cartography (B) and T1-weighted with Gadolinium (C) images. Dynamic perfusion curve (D) and monovoxel TE135 spectroscopy (E). A large,
confluent lesion in the right cerebellar peduncle (A–C), showing patchy enhancement (C) with blurred margins, without restricted diffusion (B). The lesion is associated
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http://dx.doi.org/10.1186/s12974-016-0717-1.
[6]  Kitley J, Woodhall M,  Waters P, Leite MI,  Devenney E, Craig J, et al.
ith  rupture of blood-brain barrier, but is not hypervascular (D). Spectroscopy (E
-acetylaspartate (NAA) peak reduced (choline to NAA ratio:1:23), and lactate peak

nfratentorial regions [27] such as the mesencephalon, pons, bul-
ar olives or the cerebellar peduncles (Figs. 8 and 9). Cases
f encephalomyelitis/encephalitis have been reported, and in
hese cases, MRI  findings usually report an ADEM-like pattern
ith diffuse signal changes noted in the cortical grey matter

GM)/subcortical white matter (WM),  deep WM and deep GM
basal ganglia and thalami) as seen on both T2-weighted and FLAIR
14].

Of particular note, use of the double inversion recovery
equence may  be useful to potentially detect cortical lesions but
ave seldom been reported in cerebral MOG+ cases [35]. In this
ontext, a recent review proves that the brain lesion distribution
riteria are helpful in distinguishing MS  from NMOSD and MOG-
ssociated encephalomyelitis [36].

These lesions can occasionally show gadolinium enhance-
ent. Most of the gadolinium uptake is displayed in a poorly

elineated, subtle pattern with multiple patches referred to as
cloud-like” enhancements [37] (Fig. 9). Scattered linear and nodu-
ar enhancements are also apparent in active lesions with some
ases demonstrating restricted diffusion [38] (Fig. 8). These cloud-
ike enhancing lesions differ from the ovoid or ring/open-ring
adolinium-enhancing lesions with well-defined borders that are
ore typical of MS.
For now, no specific radiologic pattern has been identified to

istinguish MOG  antibody cases from non-MOG antibody cases,
xcept that leptomeningeal enhancement and thalamic lesions
ere unique to the MOG+ cohort [11].

It has also been shown that cranial nerve involvement can
oexist in patients with MOG  antibody disease, with gadolinium
nhancement of CNs at the transitional zone at the root level dis-
layed on T1W postcontrast sequence, although the underlying
athophysiology remains elusive [39].
During follow-up, in the majority of cases, specific MOG+
rain lesions are known to substantially decrease after treatment
14,27,29], but there are exceptions.
ighly suggestive of an inflammatory lesion: high choline to creatine ratio (1:70),

Conclusion

MOG  antibody disease is now considered a specific entity per se,
predominantly affecting the optic nerves, spinal cord and, to some
extent, the brain. Although it may  resemble AQP4-IgG-mediated
NMOSD, or even MS  or ADEM from a clinical perspective, MRI could
certainly help to highlight anti-MOG disease when key imaging fea-
tures are demonstrated, such as bilateral extensive oedematous and
inflammatory anterior optic neuritis or longitudinally extended
myelitis with a predilection to the conus, associated with “pseudo-
dilatation” of the ependymal canal, as illustrated in this review.
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