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Spinal cord involvement – acquisition protocol
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Sagittal and axial T2-weighted MRI
& Post-contrast T1-weighted images

with complete visualization of the spinal cord

Single/multiple intramedullary T2-hyperintensities
Involving grey and/or white matter
Acutely with contrast enhancement



Spinal cord involvement – acute phase sagittal MRI
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Lesion location: 
Cervical or thoracic, not useful for differential diagnosis 
(but conus involvement should trigger testing for MOG-ab)

Lesion length (cut-off 3 segments):  
Short T2-hyperintense lesions often centrally located & together 
with T1 hypointensity in 14-15% of AQP4+NMOSD. BUT 92% of 
NMOSD with short lesions will subsequently have longitudinally-
extensive lesions
Longitudinally extensive T2-hyperintense lesions are most common 
in NMOSD (up to 90% of recurrent cases) and include focal cord 
swelling, concomitant T1-hypointensity (70%) 

Cacciaguerra et al. Frontiers 2022
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Spinal cord involvement – acute phase axial MRI
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Lesion location: 
Central pure gray matter involvement or mixed gray-white matter 
involvement, usually affecting > 50% of the cross-sectional area

Key findings:
H-shape common in MOGAD (30%) but also seen in 
AQP4+NMOSD (10%)
Brighter spotty lesions (30-50%) in AQP4+ NMOSD

Cacciaguerra et al. Frontiers 2022
GJCF 2024
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Spinal cord – acute phase MRI enhancement
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Enhancement:
Lesion enhancement common: often 
longitudinally extensive, patchy or ring-like 
(up to 30%), rarely persists >3 months
Ring enhancement can be lens- or ellipsoid 
shaped (vs. ring in MS)
Longitudinally extensive leptomeningeal 
enhancement possible but less common

Cacciaguerra et al. Frontiers 2022
GJCF 2024
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Spinal cord involvement – chronic phase
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Cacciaguerra et al. Frontiers 2022

Follow-up MRI with same sequences ~ 3 months after baseline
with complete visualization of the spinal cord

Fragmentation: into shorter lesions within 3 months or resolution 
(~5%, CAVE MOGAD)
Persistent enhancement for >2 months only in 12% of AQP4+NMOSD
Focal atrophy in AQP4+NMOSD and MS

GJCF 2024
Roundtable



Spinal cord involvement – what’s new?
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Webb et al J Neurol Sci 202337 AQP4-IgG+ NMOSD 63 MOGAD 26 MS

Central canal T2-hyperintensity: 
Pseudo-dilatation of ependymal canal 
(local edema) causing brighter T2-signal

Frequent in MOGAD (29%) and 
AQP4+NMOSD (35%), but not MS
T1-hypointensity more common in 
AQP4+NMOSD (46%) vs. MOGAD (11%) 



Spinal cord involvement – what’s new?
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Lesion resolution in pediatric disease: 
Follow-up MRI ~1.5-2 years after acute MRI

Resolution of index T2-lesion: 0% in 
AQP4+NMOSD vs. 67% in MOGAD vs. 8% in MS

Resolution of all T2-lesions: 0% in 
AQP4+NMOSD vs. 58% in MOGAD vs. 8% in MS

Persistent enhancement: 29% in 
AQP4+NMOSD vs. 0% in MOGAD vs. 0% in MS

8 AQP4-IgG+ NMOSD 21 MOGAD 27 MS
14 (4-16) years  7 (2-17 years) 15 (3-17 years) Redenbaugh et al Mult Scler 2023



Optic nerve involvement – acquisition protocol

Slides are the property of the author. Permission required for reuse.   10

Ramanathan et al. MSJ 2015
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T2-weighted orbital MRI with orbital fat saturation
& Post-contrast T1-weighted images

OCT ring scan (RNFL) and macular scan (GCIPL) of both eyes



Optic nerve involvement – acute phase orbital MRI
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Ramanathan et al. MSJ 2015
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Laterality: 
Bilateral (82% AQP4+NMOSD, 84% MOGAD) > 
unilateral (MS)

Enhancement (100%):
Bilateral intracanalicular optic nerve enhancement 
in AQP4+NMOSD vs. retrobulbar (MOGAD & MS)

Optic nerve swelling:
Bilateral (AQP4+NMOSD, MOGAD) > unilateral (MS)
Can be absent in AQP4+NMOSD



Optic nerve involvement – acute phase orbital MRI
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Location: 

ONH (9%): bilateral (MOGAD) vs. absent (AQP4+NMOSD, MS)

Chiasm (64%): involved in AQP4+NMOSD, but not MS & 
MOGAD

Optic tract (bilateral 45%): involved in AQP4+NMOSD, but not 
MS & MOGAD

Longitudinally extensive in AQP4+NMOSD (100%) & MOGAD 
(95%) [median 23mm] but mostly focal in MS [median 10mm]

Ramanathan et al. MSJ 2015



Optic nerve involvement – acute phase OCT
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Oertel et al. J Neuroophth 2023

FIG. 1. Cross-sectional and longitudinal retinal thickness measurements for 13 patients with an optic neuritis episode within the
last 12 months: Cross-sectional (A) pRNFL, (B) GCIP and (C) INL of optic neuritis eyes as well as (D) pRNFL, (E) GCIP, and (F) INL IED
[contralateral eye – acute optic neuritis eye]. Longitudinal (G) pRNFL, (H) GCIP, and (I) INL of optic neuritis eyes as well as (J) pRNFL,
(K) GCIP, and (L) INL IED. Dots color-coded by patient. Lines display linear regression graphs (black) for (A–F) and connect eye-
specific longitudinal values (patient-specific color) for (G–L). GCIP indicates ganglion cell and inner plexiform layer; IED, intereye
difference; INL, inner nuclear layer; pRNFL, peripapillary retinal nerve fiber layer.

Oertel et al: J Neuro-Ophthalmol 2023; 00: 1-4 3

Clinical Correspondence

Copyright © North American Neuro-Ophthalmology Society. Unauthorized reproduction of this article is prohibited.

Acute OCT findings
No severe disc edema (consider MOG-ab testing)

Post-acute OCT findings
Fast thinning of GCIPL (and subsequent RNFL)
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effect models. Intereye within-subject effects and effects of
the center were included as random effects. Sex, ethnicity,
and age were included as fixed effects for the analyses in the
entire cohort. Age and sex were not included for the
matched subset. For OCT parameters, the model was used
for data from all devices separately and combined by Fisher
combined probability test. The marginal and conditional
coefficients of determination of the linear models were
calculated with pseudo R-squared. All results are reported

combined and individually for Spectralis SD-OCT; the
analyses of data acquired by Cirrus HD-OCT or Topcon
3D OCT-1 and for the matched subset are reported as
online-only supplement.

Data Availability
The data supporting the findings of this study are available
within the article and from the corresponding author by
reasonable request.

Figure 1 Group Comparisons of GCIP Layer Thickness

Boxplots of GCIP layer thicknesses (μm) acquired by Heidelberg SD-OCT with values of individual eyes (jitter) for (A) HC (gray/left), NMOSD-NON
(dark blue/middle), NMOSD-ON (dark red/right); for (B) number of ON episodes (NMOSD-NON dark blue/left, NMOSD-1-ON light red/left-middle,
NMOSD-2-ON medium-red/right-middle, NMOSD-≥3-ON medium-dark red/right); and for (C) HC (gray/left), NMOSD-NONnon (light blue/middle),
NMOSD-NONcon (blue/right). (D) Forest plots for results from different OCT devices for (D.a) NMOSD-NON vs NMOSD-ON, (D.b) NMOSD-NON vs
NMOSD-1-ON, and (D.c) NMOSD-1-ON vs NMOSD-2-ON (eFigure 2 and eTable 2, links.lww.com/NXI/A556 and links.lww.com/NXI/A557). GCIP =
ganglion cell and inner plexiform; HC = eyes of HCs; NMOSD-NON = eyes of patients with neuromyelitis optica without a history of ON; NMOSD-NON-con =
eyes of patients with neuromyelitis optica without a history of ON but a history of contralateral ON; NMOSD-NONnon: = eyes of patients with
neuromyelitis optica without a history of ipsilateral or contralateral ON; NMOSD-ON = eyes of patients with neuromyelitis optica with a history of
ON; NMOSD-1-ON = eyes of patients with neuromyelitis optica with a history of 1 ON episode; NMOSD-2-ON = eyes of patients with neuromyelitis
optica with a history of 2 ON episodes; ON = optic neuritis.

4 Neurology: Neuroimmunology & Neuroinflammation | Volume 8, Number 6 | November 2021 Neurology.org/NN

Results
Five hundred one eyes of 283 AQP4-IgG–seropositive pa-
tients and 136 eyes of 72 HCs were included in the analysis
(Table 1).

Neuroaxonal Damage After ON
GCIP layer and pRNFL were reduced in NMOSD-ON
compared with NMOSD eyes without a history of ON

(NMOSD-NON) and HC (GCIP layer: 81.4 ± 5.7 μm,
pRNFL: 101.1 ± 9.0 μm) (Figures 1A and 2A; Tables 2 and
3). The absolute (GCIP layer: −22.7 μm; pRNFL: −38.5 μm)
and relative (GCIP layer: −38.8%; pRNFL: −61.6%) loss in
eyes with 1 ON episode (NMOSD-1-ON) compared with
NMOSD-NON was higher than in eyes with 2 ON episodes
(NMOSD-2-ON) compared with NMOSD-1-ON (GCIP
layer absolute loss: −3.5 μm, relative loss: −6.0%; pRNFL
absolute loss: −9.1 μm, relative loss: −14.5%, n.s.). The loss in

Figure 2 Group Comparisons of pRNFL Thickness

Boxplots of pRNFL thicknesses acquired by Heidelberg SD-OCT [μm] with values of individual eyes (jitter) for (A) HC (gray/left), NMOSD-NON (dark blue/
middle), and NMOSD-ON (dark red/right); for (B) number of ON episodes (NMOSD-NON dark blue/left, NMOSD-1-ON light red/left-middle, NMOSD-2-ON
medium-red/right-middle, and NMOSD-≥3-ON medium-dark red/right); and for (C) HC (gray/left), NMOSD-NONnon (light blue/middle), and NMOSD-NONcon
(blue/right). (D) Forest plots for results from different OCT devices for (D.a) NMOSD-NON vs NMOSD-ON, (D.b) NMOSD-NON vs NMOSD-1-ON, and (D.c)
NMOSD-1-ON vs NMOSD-2-ON (eFigure 3 and eTable 3, links.lww.com/NXI/A556 and links.lww.com/NXI/A557). HC = eyes of HCs; NMOSD-NON = eyes of
patients with neuromyelitis optica without a history of optic neuritis; NMOSD-NON-con = eyes of patients with neuromyelitis optica without a history of optic
neuritis but a history of contralateral optic neuritis; NMOSD-NONnon: = eyes of patients with neuromyelitis optica without a history of ipsilateral or contra-
lateral optic neuritis; NMOSD-ON = eyes of patients with neuromyelitis optica with a history of optic neuritis; NMOSD-1-ON = eyes of patients with
neuromyelitis optica with a history of 1 optic neuritis episode; NMOSD-2-ON = eyes of patients with neuromyelitis optica with a history of 2 optic neuritis
episodes; ON = optic neuritis; pRNFL = peripapillary retinal nerve fiber layer.

Neurology.org/NN Neurology: Neuroimmunology & Neuroinflammation | Volume 8, Number 6 | November 2021 5

283 AQP4-IgG+ NMOSD 72 HC
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Optic nerve involvement – chronic phase OCT

Oertel et al. Neurology – Neuroimm & Neuroinflamm 2021
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Oertel et al. Journal Neurol Neurosurg Psych 202373 AQP4-IgG+ NMOSD 62 HC
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Optic nerve involvement – chronic phase OCT



Optic nerve involvement – what’s new?
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24 AQP4-IgG+ NMOSD 28 MOGAD 28 MS 32 HC

Magnetisation transfer ratio (MTR) as a promising MRI 
technique to quantify chiasmal involvement 
Measurement of the exchange of proton magnetization between 
tissue macromolecules and mobile water molecules
Associated with myelin content, early demyelination & axonal loss

ON+ optic chiasmal MTR lower in AQP4+NMOSD (p=0.02) & MOGAD 
(p=0.01) vs. HC, but not RRMS
ON- optic chiasmal MTR lower in AQP4+NMOSD vs. HC (p=0.04), but 
not RRMS or MOGAD

Bianchi et al. MSJ 2024



Optic nerve involvement – what’s new?
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47 AQP4-IgG+ NMOSD 44 MOGAD 47 HC Gernert et al. Neurology – J of Neurology 2023

Peripapillary hyperreflective ovoid 
mass-like structures (PHOMS)
17% AQP4+NMOSD vs. 14% MOGAD vs. 4% HC
No association with neuroaxonal damage
Pathophysiological significance unclear
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Oertel et al. Neurology – Neuroimm & Neuroinflamm 202425 AQP4-IgG+ NMOSD 25 DN-NMOSD 33 HC

Optic nerve involvement – what’s new?
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Acute Optic Neuritis Network (ACON)
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Verifying functional benefits of early corticosteroids in optic neuritis employing a global, multi-racial 
prospective study including people with MS-ON, AQP4-IgG+ ON, and MOG-IgG+ ON. 

Primary 
outcome

High-contrast visual acuity 
at 6 mo. (stratified by diagnosis and days since 
onset)

Secondary 
outcomes

Low-contrast visual acuity

pRNFL, GCIPL (OCT)

Brain lesion number/volume, 
ON characterization score (MRI)

QoL and PROM (including NEI-
VFQ)

Asseyer et al. 10.3389/fneur.2023.1102353

FIGURE 1

Participating ACON centers. Twenty-eight ACON centers (status 10/2022) Africa (Botswana, Zambia), Asia (India, Korea, Thailand, Vietnam), the

Middle East (Israel), North America (USA), South America (Argentina, Brazil, Colombia), Australia, and Europe (Denmark, France, Germany, Italy, Spain,

United Kingdom).

degree of response to high-dose corticosteroids, and the difficulty in

comparing patients presenting late vs. early after the onset of visual

loss, all of which make treatment escalation guidelines difficult to

develop. The development of this study and the detailed database,

which accurately captures ON severity and course, builds the basis

for the development of treatment escalation guidelines.

Structural biomarkers as an aid to tailor ON
treatment

To explore possible means to aid hyperacute treatment

decisions, the ACON study will collect data on and evaluate

the potential of structural biomarkers as methods to enhance

timely diagnoses. These structural biomarkers will be explored

using magnetic resonance imaging (MRI) and optical coherence

tomography (OCT).

MRI of the brain and the orbits is one of the most established

clinical tools for investigating acute ON. The radiological features

of ON differ between the three disease etiologies: optic nerve lesions

in AQP4-IgG+ON and MOG-IgG+ON are more frequently

bilateral and more extensive than in MS-ON (26–28). AQP4-

IgG+ON typically affects posterior parts of the optic nerve and

the chiasm, while MOG-IgG+ON typically affects long segments

of the anterior optic nerve (10, 28). During the acute phase of ON,

optic nerve lesion length has been shown to be a useful imaging

biomarker, predictive of retinal neuro-axonal loss and chronic

visual impairment (29). We will explore the diagnostic and clinical

relevance of visual pathway lesions and their persistence following

the inaugural ON.

OCT with the peripapillary retinal nerve fiber thickness

(pRNFL), the macular ganglion cell layer (GCL), or the ganglion

cell complex (GCC) measurements aid differentiation between

acute MS-ON and MOG-IgG+ON (30). However, age and race

have been reported to impact pRNFL (31). We will re-explore

whether pRNFL robustly differentiates MS-ON from MOG-

IgG+ON in a multi-racial population of subjects with inaugural

ON. Assessment of OCT imaging parameters such as the ganglion

cell analysis may allow disease stratification and detection of

subclinical activity prior to the initial ON and may provide

insightful longitudinal data such as rate of progression, which has

the potential to correlate with disease severity (32, 33).

Biological biomarkers

Neurofilament light chain (NfL) is a major structural

component of neurons and can be detected in the serum and

cerebrospinal fluid (CSF). Elevated NfL levels are an indicator of

neuronal damage (34) in acute ON (35), coinciding with visual

dysfunction (36) and structural retinal damage (37). However, the

role of serum NfL levels and dynamics in the acute stage of ON as

potential indicators for subsequent conversion to MS, NMOSD, or

MOGAD remains unexplored.

Glial fibrillary acidic protein (GFAP) is the predominant

intermediate filament in mature astrocytes (38, 39) and was

Frontiers inNeurology 04 frontiersin.org

Asseyer et al. Frontiers 2023

100 MS-ON
50 AQP4-ON
50 MOG-ON
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