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Abstract

● AIM: To describe the clinical characteristics and treatments
associated with antibody positive optic neuropathies
including anti-myelin oligodendrocyte glycoprotein (MOG)
and anti-aquaporin 4 (AQP4), alongside diagnostic
modalities, investigations, and outcomes.
● METHODS: A cross-sectional single-centre retrospective
case series consisting of 16 patients including 12 antiMOG positive patients and 4 anti-AQP4 positive patients.
Each of these patients had clinical signs and symptoms
of optic neuritis and consisted of all patients who had
a positive blood antibody result in our centre. Clinical
findings including presence of a relative afferent pupillary
defect, colour vision and disc assessment were recorded.
Structured clinical exam and multimodal imaging was
undertaken sequentially on each. Optical coherence
tomography (OCT) scanning was preformed to examine the
correlation between ganglion cell layer (GCL) thickness and
visual acuity (VA) at presentation and as a determinant of
final visual outcome in both groups. Initial and long-term
treatment is also summarised.
● RESULTS: A total of 16 patients were included in the
study consisting of 12 anti-MOG and 4 anti-AQP4 positive
patients. Nine of the 16 patients were female and the
average age of onset was 29.2y in the MOG group and 42y
in the AQP4 group. There was no statistically significant
correlation (Pearson correlation) between GCL thickness
and presenting and final VA [r(10)=0.081, P=0.08 and
r(10)=0.089, P=0.34 respectively]. The same statistical
analysis was performed for the correlation between retinal
nerve fibre layer (RNFL) and VA and similar outcomes were

observed [r(10)=0.04, P=0.22 and r(10)=0.09, P=0.04].
No correlation was seen for initial RNFL thickness and final
visual outcome in this group either [r(2)=0.19, P=0.38].
Visual field testing and radiological findings for each group
are described.
● CONCLUSION: No correlation between initial VA or
RNFL and final visual outcome is identified. A broad range
of visual field and radiographic findings are identified, a
consensus on treatment of neuromyelitis optica spectrum
disorders and anti-MOG positive optic neuropathies has yet
to be accepted but initial high dose immunosuppression
followed by low dose maintenance therapy is favoured.
● KEYWORDS: neuromyelitis; anti-myelin oligodendrocyte
glycoprotein; antibody; anti-aquaporin 4
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INTRODUCTION
euromyelitis optica (NMO; previously known as
Devic’s disease) and anti-myelin oligodendrocyte
glycoprotein (MOG) optic neuropathy are antibody mediated
demyelinating diseases that primarily affect the optic nerves
and spinal column and therefore can lead to profound vision
and mobility impairment[1]. They are distinct clinical entities
from other demyelinating diseases such as “typical optic
neuritis (ON)” and multiple sclerosis (MS; the most common
demyelinating disease) and this distinction is important, as
these antibody mediated optic neuropathies tend to have
more severe presentations, atypical signs and symptoms,
recurrent attacks of disease (including simultaneously bilateral
or sequential optic neuritis), and they tend to respond well
to immunosuppressive therapy and may require long term
treatment[2-3]. These diseases have a predilection for the optic
nerves and visual loss due to ON is often the presenting feature
of the disease.
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As the name of the disease suggest, NMO is defined by both a
myelitis and an ON[4]. The disease has a predilection for both
the optic nerves and the spinal cord, and the lesions commonly
spare the brain in the early stages[5]. Patients who have an
ON associated with NMO tend to have an acute profound
vision loss associated with disc swelling[6]. However, they
may also develop optic nerve atrophy and cavitation akin
to glaucomatous optic nerve change in severe cases[7]. The
cavitation is postulated to be secondary to a demyelination
associated necrosis of the optic nerve head. The episodes of
ON may be recurrent and simultaneously bilateral[8] causing
progressive optic atrophy with cumulative inflammatory
damage.
ON seen in MOG positive cases tend to have atypical findings.
The 80% patients of those with MOG positive ON tend to
have moderate to severe disc oedema[9]. Patients tend to have
recurrent and bilateral attacks of ON[10]. These patients tend
to be highly steroid responsive and can prove to be steroid
dependant[11].
In contrast to typical ON, high dose intravenous glucocorticoids
are recommended are at initial presentation in MOG and antiAquaporin 4 (AQP4) positive cases of ON[1]. Guidelines for
treatment have proved difficult to establish due to the low
number of patients and therefore the absence of randomised
controlled clinical trials.
To describe all cases of anti-MOG antibody positive and
AQP4 antibody positive ON that have presented to a specialist
ophthalmology quaternary referral centre. This will consist
of demographic data, clinical characteristics, ancillary
tests [optical coherence tomography (OCT), perimetry and
neuroimaging] and treatment/outcome.
SUBJECTS AND METHODS
Ethical Approval This study was a retrospective review and
was conducted in accordance with the Declaration of Helsinki
and the Irish Data Protection Act. The protocol of the study
adhered to the tenets of the Declaration of Helsinki. This
study adheres to the legal requirements of the General Data
Protection Regulation (GDPR, articles 6 and 9).
A cross-sectional single-centre retrospective case series
consisting of 16 patients including 12 anti-MOG positive
patients, and 4 anti-AQP4 positive patients. Inclusion criteria
consisted of all patients who had a positive anti-MOG or
positive anti-AQP4 blood result for investigation of a unilateral
or bilateral ON who attended the Royal Victoria Eye and
Ear Hospital, Dublin, Ireland. Exclusion criteria consisted of
patients with negative blood markers for the autoantibodies.
There was no exclusion based on age or pre-existing comorbidity.
At the initial and each follow up consultation the following
parameters were recorded; visual acuity (VA) in logarithm of
the minimum angle of resolution (logMAR), colour vision
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(Ishihara pseudoisochromatic testing), presence/absence
of a relative afferent pupillary defect (RAPD), slit lamp
biomicroscopy with optic nerve assessment, kinetic visual
fields (Octopus Visual Field, Haag-Streit, Switzerland), OCT
(Cirrus 5000, Carl Zeiss, Meditec, Dublin, CA, USA) analysis
of the macula, ganglion cell layer (GCL) and the retinal
nerve fibre layer (RNFL). Each of the patients had magnetic
resonance imaging (MRI) scanning of the brain and optic
nerves with gadolinium contrast. Colour vision was assessed
using 14 of the 38 Ishihara plates and graded as mild (1014/14), moderate (6-10/14) or severe (0-5/14) depending on
number of plates correctly identified as outlined in parentheses.
RAPD was assessed for its presence or absence and graded
from 0 to 3 in terms of increasing severity[12]. Red desaturation
was assessed using a red hat pin on a white background and
participants were asked to compare colour intensity between
each eye[13].
Statistical Analysis Data was collated and analysed using the
statistical package STATA (StataCorp. 2013. Stata Statistical
Software: Release 13. College Station, TX: StataCorp LP).
A statistically significant result was defined as P<0.05. Best
corrected VA was recorded in the patient’s medical notes in
Snellen format in metres which was subsequently converted
to the logMAR for the purpose of statistical analysis. A VA
of count fingers (CF), hand motion (HM), perception of light
(PL) and no perception of light (NPL) were denoted 2.1, 2.4,
2.7, and 3.0 on the logMAR scale, respectively.
RESULTS
Baseline Characteristics A total of 16 patients were include
in the study. This consisted of 12 (75%) anti-MOG positive
ON patients and 4 (25%) anti-AQP4 positive patients. These
16 patients comprised all recorded cases of antibody positive
ON that had attended the Royal Victoria Ear and Ear Hospital.
Clinical characteristics of the anti-MOG cohort are seen in
Table 1 and the anti-AQP4 cohort are seen in Table 2. The
average length of the follow up was 16.5mo (range 2 to 41mo)
and 47mo (range 2 to 131mo) for the MOG and AQP4 groups,
respectively. Female to male ratio was 7:5 in the MOG group
and 1:1 in the AQP4 group. Average age of onset in the MOG
group was 29.2y with a range of 10 to 61y, while in the AQP4
group the average age was 42y (range 18-55y). Presenting
complaint was blurring of vision in 10 of 12 of the MOG
group (83.33%). The remaining 2 patients had pain as their
presenting symptom (16.67%). In the AQP4 group, 3 out of
the 4 patients (75%) experienced a decrease in vision while
the remaining one patient had horizontal diplopia. Pain was a
feature of all but one of the anti-MOG cohort (91.67%), either
retrobulbar (27.27%) or more commonly on eye movement
(72.73%). Interestingly, all the patients in the AQP4 cohort
(100%) reported an absence of pain.

33 (F)

36 (F)

37 (M)

23 (M)

24 (M)

10 (M)

14 (M)

21 (F)

61 (F)

19 (F)

31 (F)

2

3

4

5

6

7

8

9

10

11

12

Pain on movement in RE (3)

Decrease in right VA and
eye pain (7)

Decrease in right VA (3)

Decrease left VA and eye
pain (4)

Decrease in left VA with
pain (14)

Decrease in left VA,
followed by right VA and
pain (10)

Decrease in left VA; pain
(7)

Decrease in left VA; pain
(7)

Decrease in right VA; pain
on eye movements (14)

Left orbital pain (11)

Blurring of vision BE; pain
on eye movements (2)

Decrease in right VA; pain
(7)

Symptoms; duration (d)

Swollen right ONH

Swollen right ONH

Swollen right ONH

Swollen left ONH

Swollen left ONH

Swollen ONH
bilaterally

Normal ONH
bilaterally

Pale left ONH

Right swollen ONH

Normal RE ONH; LE
ONH swollen inferiorly

Bilateral swollen ONH

Normal ONH
bilaterally

Clinical findings

0, 0

0.4, 0

0.5, 0.1

0, 0.2

0.1, 1

1.8, 2.1

0, 0.3

0, 2.1

1.0, 0

0, 0.1

1.0, 1.0

1.0, 0.6

VA (RE, LE;
logMAR)

+2, 0

+3, 0

+2, 0

0, +2

0, +3

1, +3

0, +2

0, +1

+3, 0

0, 0

0, 0

+3, 0

RAPD
(RE,
LE)

13/14, 14/14

4/14, 14/14

6/14,
12/14

14/14, 7/14

14/14. 3/14

1/14, 1/14

14/14,
14/14

14/14, 1/14

0/14, 14/14

14/14, 14/14

0/14, 0/14

0/14, 14/14

Colour VA
(Ishihara test;
RE, LE)

Present RE

Present RE

Present RE

Present LE

Present LE

Present BE

Present LE

Present LE

Present RE

Absent BE

Present BE

Present RE

Red desaturation
(present, absent)

33, 34

79, 83

54, 49

79, 80

68, 73

32, 34

87, 76

61, 61

83, 83

87, 85

84, 91

65, 78

254, 379

143, 95

58, 54

93, 203

92, 235

254, 379

98, 94

59, 55

139, 91

104, 114

175, 205

80, 104

Average
Average
GCL; RE, LE
RNFL;
(µm)
RE, LE (µm)

Pain on eye
movements RE

Pain on eye
movements RE

No pain

Pain on eye
movement LE

Pain on eye
movement LE

Retrobulbar
pain BE

Pain on eye
movements LE

Retrobulbar RE

On movement
of RE only

Retrobulbar

On movement
BE

On movement

Pain
(retrobulbar or
on movement)

High signal within the intraorbital segment
of the right optic nerve measuring 8 mm

Abnormal signal within the orbital segment
of the right optic nerve which appears
expanded

Increased signal from the retrobulbar and
canalicular optic nerve

T2 hyperintensity within the anterior aspect
of the intraorbital segment of the left optic
nerve

Signal abnormality in the retrobulbar left
optic nerve extending into the canalicular
component. The nerve is expanded and
demonstrates enhancement

Numerous bilateral asymmetric areas of
abnormal signal intensity within the white
matter sparing the corpus callosum

Abnormal T2 hyperintensity of left optic
nerve which appears markedly atrophied

High signal in both retrobulbar optic nerves,
more marked on left with enhancement

Low grade thickening and enhancement of
right optic nerve

Irregular enhancement of left optic nerve.
MRI spine NAD

High signal in optic nerves bilaterally.

High signal in retrobulbar optic nerves
bilaterally that does not extend to chiasm

MRI brain and orbits demyelination protocol

Admitted for 3/7
IVMP with oral taper

Admitted for 3/7
IVMP with oral taper

Presumed NAION,
normal ESR, follow up
OPD

Admitted for 3/7
IVMP with oral taper

Admitted for 3/7
IVMP with oral taper

Admitted for 3/7
IVMP with oral taper

Admitted for 3/7
IVMP with oral taper

Admitted for 3/7
IVMP with oral taper

Admitted for 3/7
IVMP with oral taper

Admitted for 3/7
IVMP with oral taper

Admitted for 3/7
IVMP with oral taper

Admitted for 3/7
IVMP with oral taper

Initial treatment

sedimentation rate; OPD: Outpatient department.

fibre layer; MRI: Magnetic resonance imaging; NAD: No abnormality detected; IVMP: Intravenous methylprednisolone; NAION: Nonarteritic anterior ischemic optic neuropathy; ESR: Erythrocyte

F: Female; M: Male; VA: Visual acuity; ONH: Optic nerve heads; RAPD: Relative afferent pupillary defect; RE: Right eye; LE: Left eye; BE: Both eyes; GCL: Ganglion cell layer; RNFL: Retinal nerve

41 (F)

Onset age
(gender)

1

Patient

Table 1 Initial patient characteristics anti-MOG cohort
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0.82, 0.13, -0.66

GCL: Ganglion cell layer; RNFL: Retinal nerve fiber layer; VA: Visual acuity.

162.75, 75.67, -58.75
254, 84, 170

0, 0.1, +0.1
0.5, 0, -0.5

143, 110, -33
58, 58, 0

0.5, 0.2, -0.3
0.2, 0, -0.2

203, 80, -123
235, 47, -188

1, 0.1, -0.9
2.1, 0, -2.1

379, 86, -293
94, 92, -2

0.3, 0.2, -0.1
2.1, 0.1, -2

55, 55, 0
139, 57, -82

1, 0.5, -0.5
0.1, 0.1, 0

114, 91, -23
175, 88, -87

1, 0.2, -0.8
1, 0, - 1

104, 60, -44
RNFL

VA

Average

67.23, 63.42, -2.92
33, 73, +40
79, 78, -1
54, 52, -2
80, 72, -8
73, 50, -23
34, 35, +1
76, 81, +5
61, 58, -3
83, 56, -26
85, 82, -3
84, 62, -12
65, 62, -3
GCL

initial, final, change; µm

12
11
10
9
8
7
6
5
4
3
2
1
Parameters

Table 3 Initial, final, and relative change in GCL, RNFL and VA for anti-MOG cohort

resonance imaging; NA: Not applicable; IVMP: Intravenous methylprednisolone; INO: Intranuclear ophthalmoplegia.

F: Female; M: Male; VA: Visual acuity; ONH: Optic nerve heads; RAPD: Relative afferent pupillary defect; RE: Right eye; LE: Left eye; BE: Both eyes; GCL: Ganglion cell layer; RNFL: Retinal nerve fibre layer; MRI: Magnetic

Admitted for 5/7 IVMP
with oral taper
Evidence of chiasmitis with T2
weighted chiasmal abnormalities
Absent
67, 63
60, 61
Present BE
3/14, 3/14
0, 0
0.2, 0.2
Pale ONH
bilaterally
51 (M)
4

Decrease in vision in
BE, particular night
vision (63)

Admitted for 3/7 IVMP
with oral taper
High signal in the canalicular
components of both optic nerves
extending back to chiasm with
expansion of the chiasm
Absent
99, 94
75, 74
Absent
14/14, 14/14
0, 0
0, 0
Normal ONH,
right INO
33 (F)
3

Diplopia worse when
looking to right (6)

Admitted for 3/7 IVMP
with oral taper
No evidence of optic neuritis
Absent
81, 87
68, 68
Present
14/14, 0/14
0, +2
0, 2.7
Normal ONH
bilaterally
Decrease in left VA (4)
55 (F)

Pale left ONH
Decrease in left VA (3)
1

2

Admitted for 3/7 IVMP
with oral taper

MRI brain and orbits demyelination
protocol
Marked high signal in the left
retrobulbar optic nerve
Average RNFL; Pain (retrobulbar or
RE, LE (µm)
on movement)
51, 50
Absent
Average GCL;
RE, LE (µm)
54, 55
Red desaturation
(present, absent)
NA
VA (RE, LE; RAPD Colour VA (Ishihara
(logMAR) (RE, LE)
plates, RE, LE)
0, 3
0, +3
14/14, 0/14
Clinical findings
Symptoms duration (d)

Onset
(gender)
18 (M)
Patient

Table 2 Initial patient characteristics anti-AQP4 cohort

Ocular Findings With regards the affected eye in the
MOG group, 5 were right eyes, 5 were left eyes and 2 of the
patients had bilateral involvement giving us a total of 14 eyes
available for analysis. There were 6 affected eyes in the AQP4
group comprising of 2 left eyes and 2 bilateral. The 11 of 14
(78.57%) eyes in the MOG group had visible swollen optic
nerve heads (ONH), 2 (14.29%) had normal appearing ONH
and the remaining 1 (7.14%) had a pale ONH on presentation.
In the AQP4 group, 3 out of the 6 (50%) eyes had either
normal or pale appearing ONH and none had a swollen ONH.
The presence or absence of an RAPD was also assessed at
presentation to the ophthalmic emergency department. Of the
MOG group, 11 of the 14 eyes (78.57%) had a RAPD. The
presence of an RAPD in the AQP4 group was less with only
2 of the 6 (33.33%) eyes displaying one. The presence of a
colour vision defect was also assessed. This was categorised as
mild, moderate, or severe as outlined in the methods section.
Of the 14 eyes in the MOG cohort, 12 (85.71%) had a colour
vision defect. Of these, 9 (75%) were severe, 2 (16.67%)
were moderate and 1 (8.33%) was mild. In the AQP4 group,
a colour deficiency was observed in 4 of the 6 eyes (66.67%),
all 4 being severe in nature. The presence of red desaturation
was also assessed in a binary fashion. It was present in all but
one eye in the MOG group (92.86%). Only 5 eyes in the AQP4
group were examinable as one eye was NPL, and 3 of the 5
eyes (60%) had this subjective finding.
Visual Acuity and Optical Coherence Tomography
Findings Tables 3 and 4 outline initial and final VA in
logMAR units, initial and final average GCL and RNFL
thickness and the respective change in each for both groups.
Only the records for the involved eye were taken for analysis
and if both eyes were affected then the data for the more
affected eye was utilised. The average presenting logMAR VA
in the MOG group was 0.82 (range 0-2.1) while in the AQP4
group it was 1.475 (range 0-3). At last review, the average
improvement in VA in the MOG group was -0.66 (range -2.1
to +0.1) and in the AQP4 group was -0.05 (range -0.3 to +0.1).
With regards GCL analysis (Figure 1), a modest decrease in
thickness was seen in both groups with an average reduction
of 2.92 and 7.75 µm in the MOG and AQP4 respectively. The
retinal nerve fibre thickness analysis (Figure 2) displayed a
greater reduction in thickness, especially in the MOG cohort
with an average reduction of 58.75 µm in this group as
opposed to only 10.5 µm in the AQP4 group. We examined
the correlation between GCL thickness and VA at presentation
and as a determinant of final visual outcome in the MOG
group. There was no statistically significant correlation
(Pearson correlation) between GCL thickness and presenting
and final VA [r(10)=0.081, P=0.08 and r(10)=0.089, P=0.34
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Figure 1 An example of ganglion cell layer analysis of a patient with right anti-MOG positive optic neuritis Marked thinning of the GCL
in his right eye is noted in comparison to his left.

Figure 2 An example of a retinal nerve fibre layer analysis in a right anti-MOG positive optic neuritis with a swollen disc.

respectively]. The same statistical analysis was performed for
the correlation between RNFL and VA and similar outcomes
were observed [r(10)=0.04, P=0.22 and r(10)=0.09, P=0.04].
In the AQP4 group, moderate correlation was observed
between GCL thickness and presenting VA [r(2)=0.61,
P=0.42], but this result was not statistically significant. No
correlation was seen for initial RNFL thickness and final visual
outcome in this group either [r(2)=0.19, P=0.38].
Visual Field Testing Table 5 depicts the visual fields findings
associated with each patient in both cohorts and the change in
each. Of the MOG cohort, 5 of the 12 patients (41.67%) had
generalised visual field depression or an enlarged blind spot

(Figure 3). Five of the 12 (41.67%) fields demonstrated an
improvement, 5 fields were unchanged from the baseline
and 2 (16.67%) demonstrating deterioration in the follow
up period. One field in the AQP4 (25%) group showed an
improvement from baseline to final while the others remained
unchanged.
Radiological Findings All but one of the patients in the antiMOG cohort had sparing of brain involvement (91.67%).
All had optic nerve abnormalities observed on MRI imaging
(Figure 4). Two (16.67%) of the patients had enhancement in
the affected nerve and in the contralateral clinically unaffected
nerve. In the AQP4 group, 2 (50%) of the patients had optic
1099
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Figure 3 Octopus visual fields of a 35-year-old female with bilateral anti-MOG positive optic neuritis which displays constriction of
inner field and enlarged blind spots bilaterally.
Table 4 Initial, final, and relative change in GCL, RNFL and VA for anti-AQP4 cohort
Parameters

initial, final, change; µm

1

2

3

4

Average

GCL

55, 48, -7

68, 43, -25

74, 76, +2

61, 60, -1

64.5, 56.75, -7.75

RNFL

50, 49, -1

87, 51, -36

94, 91, -3

63, 61, -2

73.5, 63, -10.5

3, 3, 0

2.7, 2.4, -0.3

0

0.2, 0.3, +0.1

1.475, 1.425, -0.05

VA

GCL: Ganglion cell layer; RNFL: Retinal nerve fiber layer; VA: Visual acuity.
Table 5 Initial and final visual field findings
Patient

Initial visual field defect (MOG)

Final visual field defect (MOG)

Initial visual field defect (AQP4)

Initial visual field defect (AQP4)

1

General depression

Full fields

Unreadable

Unreadable

2

General depression

Enlarged blindspot

General depression

General depression

3

Full fields

Full fields

Full fields

Full fields

4

General depression

Enlarged blindspot

Unreadable

General depression

5

Temporal defect

Full fields

-

-

6

Inferior defect

Inferior defect

-

-

7

Unreadable

Unreadable

-

-

8

Superior defect

General depression

-

-

9

Enlarged blindspot

Full fields

-

-

10

Inferior defect

Temporal defect and enlarged blindspot

-

-

11

Full fields

Full fields

-

-

12

Enlarged blindspot

Enlarged blindspot

-

-

nerve enhancement on MRI, one had no evidence of optic
neuritis and the final patient had evidence of chiasmitis (Figure 5;
Signal abnormality on T2 weighted imaging and uptake with
gadolinium).
Treatment and Maintenance Therapy All patients were
treated as inpatients for 3 to 5d of 500 mg twice daily dosing
of intravenous methylprednisolone at presentation. Current
immunosuppressant therapy, if any, is outlined in Table 6. In the
MOG group, azathioprine was the maintenance medication
of choice with 5 of the 12 (41.67%) patients receiving it.
Two patients were on methotrexate (16.67%), 1 was taking
mycophenolate mofetil (8.33%) and 3 of the remaining 4
(33.33%; 1 of which was pregnant) were on no maintenance
therapy. The final patient was placed on rituximab, underwent
1100

plasma exchange and intravenous immunoglobulins (IVIG)
and maintenance low dose steroid. In the AQP4 group, two
of the patients (50%) were on low dose prednisolone and
of the other two, one was taking azathioprine and the other
methotrexate to control disease relapse.
Disease Course As previously stated, 2 of the 12 patients
(16.67%) in the MOG cohort and 2 of the 4 patients (50%) in
AQP4 cohort the had bilateral involvement at presentation.
With regards number of relapses, 5 patients in the MOG cohort
had a relapsing course (average of 1.6 relapses, range 1-3)
while the remining 7 patients had a single attack (monophasic
course) at the time of writing. Two of the patients (60%)
who had a recurrent course had sequential progression to
the contralateral eye. In the AQP4 group, 2 of the 4 patients
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Table 6 Long term treatment
Patient
1
2
3
4
5
6
7
8
9
10
11
12

Treatment for anti-MOG cohort
Methotrexate 10 mg and folic acid 5 mg weekly
Azathioprine 150 mg once daily
None
Azathioprine 150 mg once daily
Azathioprine 150 mg once daily
None
Rituximab, previous IVIG and prednisolone 10 mg
Azathioprine 150 mg once daily
Mycophenolate mofetil 1500 mg once daily
Methotrexate 25 mg and folic acid once weekly
Azathioprine 150 mg once daily
None (currently pregnant)

Treatment for anti-AQP4 cohort
Prednisolone 10 mg once daily
Prednisolone 10 mg once daily
Azathioprine 150 mg once daily
Methotrexate 22.5 mg weekly
-

IVIG: Intravenous immunoglobulins.

Figure 4 A coronal MRI showing bilateral enhancement of both
optic nerves in female with bilateral anti-MOG positive optic
neuritis.

Figure 5 Coronal MRI demonstrating high signal in canalicular
components of both optic nerves with prechiasmal expansion in a
patient with bilateral anti-AQP4 optic neuritis.

(50%) had bilateral involvement at presentation. Three of the
4 patients (75%) had a recurrent course (average of 3 relapses,
range 1-7) and 1 of these patients had sequential progression
with multiple relapses. The remaining one patient had a
monophasic course.

DISCUSSION
Antibody positive optic neuropathies are uncommon. The
limited number of seropositive patients available for analysis
in our quaternary centre cohort is indicative of this. The female
predominance usually seen with these diseases was evident in
our sample with an overall female to male ratio of 9:7.
Visual Acuity and Optical Coherence Tomography Findings
Reduction in VA is a hallmark feature in optic nerve disease
and the main reason why these patients attend the ophthalmic
emergency department as their primary referral source. 81.25%
of all eyes (13/16) had a reduction in their VA at presentation.
The average presenting logMAR VA in the MOG group was
0.82 as opposed to the AQP4 group whose average VA was
0.655 units worse at 1.475. The average VA in the AQP4 group
is compounded by the fact that 1 patient (25%) had a perfect
presenting VA of 0 logMAR units. Interestingly, even though
the AQP4 group had the greater scope for improvement in
vision, it was the MOG group that achieved this (improvement
of 0.66 units for the MOG group as opposed to just 0.05 units
for the AQP4). If we define long term visual disability as
0.3 logMAR or greater (threshold for driving), all but one of
the eyes in the MOG group achieved this (92.86%) as opposed
to just 1 eye (25%) in the AQP4 group. These findings are in
keeping with what is in the literature where anti-AQP4 positive
patients tend to have more severe visual disability[6,14].
The authors found that presenting and final VA was not be
correlated with RNFL or GCL. With regards to GCL, an
average reduction of 2.92 and 7.75 µm was seen in the MOG
and AQP4 group respectively. These are extremely modest
differences and negligible when the standard error of the OCT
machine is taken in account. The RNFL analysis showed a
reduction of 58.75 µm in the MOG group as opposed to only
10.5 µm in the AQP4 group. However, this is not an indication
of worsening disease but is in keeping with the predominance
of OHN swelling in the MOG cohort. This swelling resides
with time and is in keeping with the observed reduction in
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RNFL thickness. Therefore, the authors suggest that analysis
of the GCL layer is a more accurate representation of nerve
damage as opposed to RNFL, especially in the acute phase of
the disease. Waiting 3mo to accurately interpret RNFL would
be more appropriate[15]. RNFL may be used to assess subtle
swelling of the nerve and to assess change in chronic disease.
OCT is unquestionably finding its foothold in the monitoring
of optic nerve disease, where it offers an excellent objective
numerical interpretation of inner retinal layers. Loss of these
unmyelinated axons is postulated to be secondary to an
antegrade process[16].
Differentiating from Ischaemic Optic Neuropathies The
average age of onset of disease was 29.2y in the MOG group
and 42y in the AQP4 group. It is known that that these antibody
positive diseases can occur at any age[14] whereas multiple
sclerosis and typical optic neuritis tend to have a younger age
of onset usually between 18 and 50y with an average of 32[17].
One patient in our MOG cohort and two in our AQP4 court
were over the age of 50 at their initial presentation. Of these
3 patients, 2 were assumed to have ischaemic optic neuritis
(ION) because of their age. In this age group it is imperative
to out rule an arteritic cause, as this is a preventable potentially
bilaterally blinding condition, and therefore any patient over
50 should have an erythrocyte sedimentation rate (ESR)
and c-reactive protein (CRP) undertaken in the ophthalmic
emergency department. It can be difficult to differentiate ION
from atypical ON in this age bracket. Both anti-MOG positive
ON and non arteritic ischemic optic neuropathy (NAION) can
present with disc oedema and peripapillary haemorrhage[18].
However, absence of a history of vasculopathy would warrant
further investigation in these patients. Usually, NAION is
associated with an absence of pain, however, all the patients
in our study over the age of 50 had a subjective absence of
pain, again clouding the distinction between the two entities.
NAION is usually linked with altitudinal defects on visual field
testing[19], nevertheless when the presenting VA is too poor to
undertake formal visual field testing, then the defect cannot
be elucidated. NAION is usually associated with a small or
crowded ONH, with an absent cup[20], and a consolidating
clinical feature would be to examine the optic disc in the
contralateral eye to assess if it has a diminished size. Atypical
features, involvement of the other eye and a relapsing and
remitting should warrant further investigation.
Pain Pain is typically a feature of demyelinating optic
neuropathies. The literature states that it is very frequently
associated with ON from MS and anti-MOG. It is frequently
associated with AQP4 positive ON[21]. However, an absence of
pain does not out rule a demyelinating cause. The 91.67% of
our MOG cohort had pain as one of their presenting symptoms
while none of our AQP4 cohort reported pain, either periorbital
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or retrobulbar. Absence of pain in a patient with other signs
and symptoms indicative of an ON should be investigated for
other cause such as a compressive or space occupying lesion
compromising the optic nerve. The vision loss in these patients
is usually gradual and progressive[22] as opposed to the acute or
subacute presentations of those with demyelinating lesions.
Optic Nerve Head Assessment Optic nerve head assessment
is a fundamental aspect of every ocular exam and it is crucial
when it comes to the assessment of optic neuropathies as the
appearance of the nerve can give crucial hints with respect
to aetiology of the disease. Similar topographic changes can
appear in chronic or late-stage disease[23] and therefore it is
essential that the disc is assessed at presentation with baseline
fundal disc photos taken for comparison with its appearance in
follow up visits.
78.57% in the affected eye of our MOG cohort had a swollen
disc at presentation whereas none of our AQP4 cohort had
a swollen disc with 50% of the AQP4 cohort having either
a pale disc or normal appearing ONHs. A pale optic disc
is usually indicative of a chronic optic nerve condition
such as compressive, hereditary, toxic/nutritional optic
neuropathies however it can also occur as a sequela of an acute
inflammatory or ischemic optic neuropathy[22]. If the nerve
becomes pale secondary to a previous attack of ON, the nerve
may not become swollen on repeat attacks highlighting the
importance of optic nerve assessment at initial presentation[24].
One prospective cohort study of patients with ON showed that
by testing all cases of ON with bilateral ON, recurrent ON, or
optic disc swelling on fundoscopy for MOG antibody, all cases
of MOG ON would be detected and only 50% of ON cases in
the cohort would be tested overall[9].
Relative Afferent Pupillary Defect The presence of a
RAPD is a pathognomonic indication of organic disease. In
conjunction with a normal retinal examination, it is highly
suggestive of optic nerve dysfunction[25]. However, if pupillary
function is brisk and reactive, it does not equate to an absence
of an optic nerve disorder. 78.57% of our ant-MOG cohort had
a RAPD at presentation. In contrast, only 33.33% of analysed
eyes in the anti-AQP4 had an RAPD recorded at presentation.
However, these findings need to be taken in conjunction with
the clinical context. Two of the eyes which had an absence of
an RAPD in the MOG group were a simultaneous bilateral ON
with a logMAR VA of 1.0. In this instance, one can assume
that both optic nerves are equally dysfunctional and therefore
the absolute presence of an RAPD in the MOG cohort could be
as high as 92.86%. In the AQP4 group, 2 patients had bilateral
simultaneous involvement, but one patient had symptoms of
an intranuclear ophthalmoplegia (INO) and brisk pupillary
reactions whilst the other had symptoms of consensual optic
nerve compromise and therefore the examiner may have had
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difficulty elucidating an RAPD. Extrapolating from this we can
assume that the RAPD incidence at presentation in the AQP4
cohort to be 66.67%.
Subtle RAPDs can be difficult to measure[26] and so it is
essential that if a patient presents with signs and/or symptoms
of optic nerve dysfunction and there is a query over the
presence of an RAPD that a senior clinician examines the
pupillary responses. A patient should never be dilated in the
ophthalmic emergency department or the neuro-ophthalmology
clinic without the prior confirmation of the presence or
absence of this essential ocular finding. If there is optic nerve
dysfunction there should be an RAPD. The verification
of this sign will lead the ophthalmologist down specific
diagnostic pathways. The presence of an RAPD is nearly
always of clinical significance and should always prompt red
flags especially in the absence of other ocular or systemic
comorbidities[27].
Colour Vision and Red Desaturation Many authors argue
that colour vision testing is an integral part of assessment
of optic nerve functionality[28]. Multiple difference methods
of colour vision testing are available including the Ishihara
pseudoisochromic plates, the Hardy-Rand-Rittler test and
Farnsworth-Munsell 100 hue test. The most practical and
widely used of these is the Ishihara test[29] which contains
38 plates for testing, but a condensed version of either 10,
14 or 24 plates can be used. Ideally these tests are used to
screen, classify, and grade severity of colour deficency[30] but
for optic nerve disorders they are used to measure baseline,
assess extent, and elicit change in follow up. The results of
the tests themselves are dependent on a multitude of patient
and environmental factors including lighting, refractive
correction, literacy, pre-existing pathology, undiagnosed colour
deficiency, cognition etc. In our cohort, 85.71% and 66.67%
in the MOG and AQP4 group respectively had a deficiency on
interpreting the Ishihara plates at presentation. We performed
a Pearson correlation between presenting VA and number of
plates correctly tested which revealed a moderate positive
correlation between the two variables [r(14)=0.5, P=0.002).
One can assume that presenting VA is a surrogate marker of
colour vision i.e. the worst the presenting VA the fewer plates
correctly identified. Some reviews now exclude colour vision
testing as a requisite in the neuro ophthalmology exam[31]
unless the examiner is looking to reduce subtle colour defects.
In our cohort is the actual VA was 1.0 logMAR units or greater,
the number of plates tested correctly was ubiquitously 3 or
less and therefore the authors would question the rational of
undertaking colour vision testing at this level of vision or worse.
Red desaturation is a subjective finding and was assessed in
our cohort in a binary fashion. It was present in all but one eye
in our MOG cohort (92.86%) and in all eyes that displayed

signs of ON in our AQP4 cohort. Red desaturation is a simple,
quick, and most importantly a sensitive test for patients with
optic nerve disease[32]. It can be used a surrogate marker of
an optic neuropathy as opposed to cumbersome colour vision
testing, especially when the presenting VA is poor. However,
it is difficult to quantify as it is a subjective test. One study
revealed that almost 25% of healthy volunteers, with no
documented evidence or ocular or optic nerve disease, stated
that they experienced some degree of red desaturation[33].
Visual Field Testing 41.67% of our anti-MOG cohort have
either improved or unchanged visual field from baseline,
while the remaining 16.67% demonstrated a dis-improvement.
75% of the patients in our AQP4 cohort showed no change in
their visual fields. It has been proposed that anti-AQP4 ON
can produce a higher incidence of non-central and altitudinal
defects in comparison to MS related ON and that an ischaemic
mechanism may underpin this disease[34], however these
findings were not echoed in our cohort with no altitudinal
defects observed. There was a higher incidence of altitudinal
defects seen in our MOG cohort with 3 of the 12 eyes (25%)
presenting with either a superior or inferior altitudinal defect.
The visual field defects in anti-MOG ON tend to be more
severe than those seen with MS related ON[35].
Visual field testing in ON is used to classify baseline deficit
and to monitor change over time. Routinely it is performed
at onset if possible and at 3, 6 and 12mo. Visual fields are
useful to analyse progression or recovery but due to the wide
range of visual fields defects that an ON can produce, it is
exceedingly difficult to use pattern of loss to distinguish it
from other optic nerve disease. Visual field data extrapolated
from the ON treatment trial showed that the most common
pattern of loss included diffuse visual field loss in 48%,
altitudinal defects in 15% and central or cecocentral scotoma
in 8.3%[36]. There is debate over which type of visual field
analyser is the most appropriate for monitoring patients with
optic nerve disease with kinetic perimetry, such as the octopus
visual field analyser, able to record abnormalities in the far
periphery better than the Humphrey visual field analyser
(static perimerty). The point was made by Keltner et al[37]
when they compared kinetic peripheral and central static field
in 448 patients in the optic neuritis treatment trial (ONTT)
that only 2.9% of affected eye peripheral defects were missed
on static perimetry. The authors would argue that this equated
to 13 patients that had they visual field results interpreted
incorrectly and therefore due to the wide range of visual field
defects that ON can produce, kinetic visual fields should be
the testing modality of choice.
Magnetic Resonance Imaging MRI can provide clues
regarding the aetiology of the demyelination. ON associated
with MS is usually displays unilaterality with respect to lesions
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in the optic nerve and enhancing lesions are frequently seen in
the periventricular, subcortical and juxtacortical areas of the
brain[38]. Those positive for anti-AQP4 tend to have to more
posterior involvement of the optic nerve including chiasm and
simultaneous bilateral disease. These lesions tend to be longer
than those seen in MS-ON[39]. In contrast, the MRI findings in
anti-MOG disease tend to have more anterior involvement of
the optic nerve sparing the chiasm[40], with perineural enhancement
of the optic nerve sheath[41], but again they tend to be more
longitudinally extensive and bilateral in up to 25% of cases[42].
Only one patient in our MOG group had brain involvement
(8.33%) while 100% of this cohort had involvement in
their affected nerve on primary MRI. Two of the patients
have simultaneous bilateral involvement of the optic nerves
(18.67%). In contrast the AQP4 group had more diverse
findings, with bilateral optic nerve enhancement extending to
the chiasm in one patient, one patient had no evidence of ON
and the final patient had nonspecific T2 hyperintensity.
MRI with gadolinium contrast is the gold standard of
radiographic imaging for demyelinating disease. All patients
should have an MRI brain and optic nerves with contrast
preformed. MRI provides high soft tissue contrast and the
ability to characterise tissue properties[43] without exposing
the patient to the harmful effects of ionising radiation. The
findings in our MOG group are in keeping with what is already
in the literature and the findings in the AQP4 group were not
in keeping with typical ON and so therefore would warrant
further investigation for atypical disease.
Treatment Initial treatment for anti-MOG ON and anti-AQP4
is 1 g per day of intravenous methylprednisolone for 3 to 5d
and a slow steroid taper over a period of 1 to 2mo to prevent
relapse with steroid withdrawal[11]. It has been postulated that
early intervention with IVMP in these diseases would lead
to better long term visual outcomes[44] however this has not
been proven in any prospective randomised trial. There are no
clear criteria on the acute treatment for these diseases however
we do know that they can present with profound visual loss,
tend to relapse and have the tendency to become steroid
dependant and therefore high dose steroid emerges to be the
initial treatment of choice. The clinician should be careful
with the use of high dose steroid especially in the elderly and
diabetics. There is no doubt that they have great efficiency
in the acute setting however their multitude of side effects
warrant careful supervision and deliberate decision making.
IVMP has been associated with serious side effects in the acute
setting including hepatic insufficiency, avascular necrosis of
the femoral head, steroid induced psychosis and autoimmune
encephalitis[45]. The role of plasma exchange remains unclear
in Anti-MOG disease whereas there appears to be some benefit
in those positive for anti-AQP4[46].
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All our patients received IVMP 1 g per day for 3 to 5d with
an oral prednisolone taper. One patient suffered from steroid
induced psychosis and was admitted to a psychiatric hospital
for treatment for a short period and subsequently recovered
fully with no psychiatric sequalae. In terms of long-term
immunosuppression in our cohort, azathioprine was the
maintenance medication of choice with 5 of the 12 (41.67%)
patients receiving it in the MOG group. Two patients were
on methotrexate (16.67%), 1 was taking mycophenolate
mofetil (8.33%) and 3 of the remaining 4 (25%; 1 of which
was pregnant) were on no maintenance therapy. The final
patient was placed on rituximab, underwent plasma exchange
and IVIG and maintenance low dose steroid. The 50% of
the patients in the AQP4 group either on low dose oral
prednisolone or azathioprine. One of our patients in the
AQP4 has been subsequently sent for IVIG therapy. Both
IVIG and monoclonal antibodies use in these diseases is well
documented, but a lack of conclusive evidence exists[47-48].
Some medications used in the treatment of multiple sclerosis
have proven to be ineffective in treating these atypical cases,
particularly anti-MOG related disease. These include interferon
beta[48-49], glatiramer acetate[49] and natalizumab[48]. There
are emerging therapies including the monoclonal antibodies
tocilizumab and eculizumab which are both undergoing clinical
trials in AQP4 positive patients[50-51]. There is a potential role
for low dose steroid in conjunction with steroid sparing agents
with an increase in the number of relapses observed when
prednisolone doses were reduced below 10 mg per day[52].
It has been shown that the use of oral and intravenous
methylprednisolone to be bioequivalent for the treatment of
acute ON[53]. This may be applicable for those unable to stay
in hospital or who live in rural areas and it has shown to be
a cost effective measure with a 4d inpatient stay costing a
factor of 38 times more than treatment with oral steroid as an
outpatient[54]. However, care should be taken especially with
those who may suffer from the side effects of unsupervised
high dose steroid administration e.g. frail, elderly, osteoporotic,
immunocompromised etc.
The management of optic neuritis has been heavily influenced
by the ONTT[55], a study which is currently 31 years old.
Recent trials have rebutted the inferiority of oral steroid in
comparison to intravenous[56]. This was not tailored towards
patients with either anti-MOG or anti-AQP4 related disease
and therefore care should be taken when extrapolating
treatment and outcome measures from this trial. A recent
opinion piece by Petzold et al[57] has made a compelling
argument for a new corticosteroid treatment trial for acute ON
due to vague definitions of symptom onset, delay in initiating
treatment and crude outcome measures in the ONTT.
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Limitations Limitations of our study included reviewing
these patients from an ophthalmic point of view. We only
based our cohort of anti-AQP4 positive patients on those who
were seropositive and had an episode of ON as opposed to
those who met the definition based on the Wingerchuk et al’s[58]
criteria. We did not include contrast sensitivity as a measurement
of visual dysfunction, which in retrospect would have been an
appropriate parameter to record[59]. We did not include data
on cerebrospinal fluid samples and non-ophthalmic morbidity
as we believed it to be outside the scope of this article. There
was also a wide array of length of follow up ranging from 2 to
131mo. Our patient numbers are relatively low, however due to
the paucity of clinical trials on this patient cohort worldwide,
we believe that characterising our cohort is important to further
classifying these rare disease entities.
In conclusion, our study has shown the range of clinical
characteristics that can be associated with both anti-MOG and
anti-AQP4 ON. The prompt diagnosis and treatment of these
disease is essential to prevent long term ocular sequalae. The
role of MRI is essential to delineate disease radiographically.
OCT data is proving to be the modality of choice to stratify
damage at onset and monitor progression. The role of visual
field testing and colour vision testing is equivocal but are
adequate subjective indicators of evolution of disease. Further
randomised control trials have yet to be carried out to fully
clarify most appropriate long terms treatments for these
diseases, but work is underway.
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