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Purpose: To analyze the demographic patterns, clinical characteristics and etiologies of
acute optic neuritis (ON).

Methods: This retrospective observational study included patients with acute ON who
presented to a university hospital in Bangkok, Thailand, between January 2010 and March
2020. The demographic details, clinical characteristics and etiologies of acute ON were
evaluated.

Results: A total of 171 patients were included in the study (78.4% [n=134] female; mean
age 45 years [standard deviation 15.4 years]; 32.2% [n=55] bilateral involvement). The most
common type of acute ON was idiopathic (51.5%), followed by neuromyelitis optica
spectrum disorder (NMOSD, 30.9%), other autoimmune disorders (9.9%), myelin oligoden-
drocyte glycoprotein antibody-associated disorder (MOGAD, 5.3%), multiple sclerosis (MS,
1.8%), and postinfection (0.6%). In the other autoimmune disorders group, 2 patients
developed systemic lupus erythematosus (1.2%), 2 Sjogren’s syndrome (1.2%), 1 RA
(0.6%), 1 anti-NMDAR (0.6%), 3 anti-Jol (1.8%), 2 c-ANCA (1.2%), 1 anti-centromere
(0.6%), and 5 nonspecific autoimmune disorders (2.9%). In the idiopathic group, 38.6%
developed single isolated ON, 1.8% relapsing isolated ON and 11.1% chronic relapsing
inflammatory optic neuropathy.

Conclusion: The most common form of acute ON in this study, similar to other Asian
countries, was idiopathic. Idiopathic-ON shared some phenotypes with NMOSD and
MOGAD. We also reported patients with anti-NMDAR, anti-Jo1, c-ANCA and anti-centro-
mere disorders. Improvements in antibody detection have widened the range of possible
etiologies of acute ON. The study highlighted the important role of antibodies in creating
effective treatments in the future.

Keywords: optic neuritis, multiple sclerosis, neuromyelitis optica spectrum disorder, myelin
oligodendrocyte glycoprotein antibody-associated disorder, autoimmune disorders,

postinfection

Introduction

Optic neuritis (ON) is an acute inflammatory disorder of the optic nerve. The annual
incidence of ON worldwide is 1-6.4 per 100,000 adults.' It is a common disease
with various etiologies, including infectious and immune-mediated processes.' The
present study focused mainly on immune-mediated ON. Multiple sclerosis-asso-
ciated ON (MS-ON), or so-called typical ON, has strongly affected white people of
European background.* Approximately 50% of patients with typical ON will
develop MS within 15 years, according to the Optic Neuritis Treatment Trial.’
Patients with MS-ON carry a good visual prognosis. The MS conversion rate
following initial ON manifestation varies substantially among different countries.
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It was estimated to be 13-87% in Europe and North
America, 8.3% in Japan, 12% in Mexico and 14.3% in
Taiwan.*'® Additionally, a study in Taiwan revealed that
the cumulative incidence of MS after a new diagnosis of
ON was only 0.78%."* Different etiologies of ON could be
accountable for this variety across studies. Specific bio-
markers of ON were recently discovered, including aqua-
(AQP4-1gG)
oligodendrocyte glycoprotein immunoglobulin (MOG-
IgG)."” These antibodies establish the distinct entities of
neuromyelitis optica spectrum disorder (NMOSD) and
MOG-IgG-associated disorder (MOGAD), respectively.'
Their clinical manifestations, prognoses and treatments

porin-4 immunoglobulin and myelin

differ from those for MS. Therefore, it is essential to
reinvestigate the causes of ON in the community. The
goal of this study was to describe the etiologies and
clinical characteristics of ON among patients in a univer-
sity hospital in Bangkok.

Patients and Methods

This retrospective observational study included patients
with acute ON, who presented to Ramathibodi Hospital,
a university hospital in Bangkok, Thailand, between
January 1, 2010 and March 31, 2020. The diagnosis of
ON was made clinically based on typical signs of optic
neuropathy, including acute loss of vision, dyschromatop-
sia, positive relative afferent pupillary defect, and visual
field defect, with or without optic disc swelling. All
patients underwent thorough neuro-ophthalmological, neu-
rological and systemic examinations. Inclusion criteria
were age > 16 years and first presentation of acute
immune-mediated ON. Exclusion criteria were age < 16
years; anterior segment, vitreous or retinal involvement;
and other causes of optic neuropathy, such as infection,
compression, toxin, ischemia, hereditary or trauma. The
patients’ medical records were retrospectively reviewed
for age, sex, presence of pain on ocular movement, bila-
terality, initial visual acuity (VA), presence of swollen
discs and blood tests for autoimmune disease biomarkers.
The Snellen VA chart was converted to the logarithm of
the minimal angle of resolution (logMAR) equivalent.
Autoimmune disease biomarkers were available in a rou-
tine panel, including AQP4-1gG (cell-based assay), MOG-
IgG, antinuclear antibody, anti-double-stranded DNA anti-
body, anti-centromere, anti-Ro/SSA, anti-La/SSB, rheuma-
toid factors, anti-neutrophil cytoplasmic antibody and anti-
Jol1 antibody. Note that MOG-IgG tests only became avail-
able recently (in the last few years). Anti-N-methyl

D-aspartate receptor (anti-NMDAR) antibody tests were
performed only in suspected cases. Magnetic resonance
imagings (MRIs) of the orbit, brain, and spinal cord were
reviewed retrospectively. The orbit and brain MRIs were
carried out in all patients, while the spinal cord MRIs were
performed only in patients with symptoms and signs of
transverse myelitis. Spinal cord MRIs confirmed the pre-
sence of transverse myelitis. The MRI examinations were
performed on two different scanners, a 3.0T scanner
(Ingenia; Philips Healthcare, Best, the Netherlands) and a
1.5T scanner (Signa TwinSpeed; GE Healthcare), using
our standard brain and orbit MRI protocols that included
axial and coronal contrast-enhanced T1-weighted images
with fat suppression (CE-T1W/FS), T2-weighted images
with fat suppression and axial fluid-attenuation inversion
recovery images (FLAIR). Etiologies of acute ON were
categorized into six types: MS, NMOSD, MOGAD, other
autoimmune disorders, postinfection (possible autoim-
mune reaction) and idiopathic. NMOSD was further clas-
sified into two subtypes according to seropositivity to
AQP4-IgG. Other autoimmune disorders included sys-
temic lupus erythematosus (SLE), Sjogren’s syndrome,
(RA), anti-NMDAR,
c-ANCA, anti-centromere, and nonspecific autoimmune

rheumatoid arthritis anti-Jol,
disorders. Patients with nonspecific autoimmune disorders
had positive antinuclear antibodies, but there was not
enough evidence to fulfill any criteria of an autoimmune
disorder. Idiopathic-ON was further classified into single
isolated ON (SION), relapsing isolated ON (RION), and
chronic relapsing inflammatory optic neuropathy (CRION)

(see below).

Diagnoses

MS was diagnosed based on the 2010 McDonald criteria.'®
NMOSD was diagnosed based on the 2015 Wingerchuk
diagnostic criteria.'” MOGAD was diagnosed based on the
2018 MOG-IgG-associated disorder diagnostic criteria.'®
SLE was diagnosed based on the 2019 American College
of Rheumatology/European League Against Rheumatism
Collaborative (ACR/EULAR) initiative classification cri-
teria for SLE.'? Sjogren’s syndrome was diagnosed based
on the 2012 American College of Rheumatology classifi-
cation criteria for Sjogren’s syndrome.?® Rheumatoid
arthritis (RA) was diagnosed based on the 2010 ACR/
EULAR classification criteria for RA.?' Postinfectious
ON (possible autoimmune reaction) was diagnosed when
ON developed following resolved infections and was
responsive to steroid treatments. Idiopathic-ON was
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diagnosed when no cause was found. SION was defined as
a single and isolated episode of ON. RION was defined as
spontaneously relapsing isolated episodes of ON. CRION
referred to isolated episodes of relapses of ON on steroid
withdrawal.”

Statistical Analysis

Descriptive analyses (frequency and percentage) were per-
formed for clinical and radiological features, including sex,
age, initial VA, race, pain, bilaterality of ON, optic disc
appearances, and enhancement of the anterior visual pathway.
The mean (SD) and median (range) were presented for con-
tinuous variables. One-way analysis of variance was analyzed
to compare age and initial VA between groups. Chi-square
tests were analyzed to compare other clinical and radiological
features between groups. A p-value of less than 0.05 was
considered statistically significant. Stata version 16 (College
Station, TX: Statacorp LLC.) was used in the analysis.

Ethical Issue

The study was approved by the Ethical Clearance Committee
on Human Rights Related to Research Involving Human
Subjects, Faculty of Medicine Ramathibodi Hospital,
Mabhidol University (Trial number MURA 2019/156). All
participants and carers gave written informed consent to
participate in the study.

Results
A total of 171 patients were included in the study (78.4%
[n=134] female; mean age 45 years [standard deviation (SD)

15.4 years]; 32.2% [n=55] bilateral involvement; and 51.5%
[n=88] pain on ocular movement). The mean initial logMAR
VA was 1.7 (SD 1.1). Of all affected eyes, 73 (33.3%) had
swollen optic discs. Of all patients with ON, there were
3 patients with MS (1.8%), 53 NMOSD (30.9%),
9 MOGAD (5.3%), 17 other autoimmune disorders (9.9%),
1 postinfection (0.6%) and 88 idiopathic (51.5%) (Figure 1).
Among those with NMOSD, 47 patients were seropositive for
AQP4-IgG (27.5%) and 6 were seronegative (3.5%). These six
patients with seronegative NMOSD developed transverse
myelitis in the course of their illnesses. In the other autoim-
mune disorders group, 2 patients developed SLE (1.2%),
2 Sjogren’s syndrome (1.2%), 1 RA (0.6%), 1 anti-NMDAR
(0.6%), 3 anti-Jol (1.8%), 2 c-ANCA (1.2%), 1 anti-centro-
mere (0.6%), and 5 nonspecific autoimmune disorders (2.9%).
In the idiopathic group, 66 developed SION (38.6%), 3 RION
(1.8%) and 19 CRION (11.1%). Clinical manifestations of
each etiology of ON are shown in Table 1. Radiological
phenotypes are shown in Table 2 and Figure 2. Sex and optic
disc appearances were significantly different among the
groups. The MOGAD group had the lowest female to male
ratio. Most patients with MOGAD developed optic disc swel-
ling, whereas most patients with NMOSD, other autoimmune
disorders, and idiopathic had normal optic discs. There was no
statistically significant difference regarding age, pain, bilater-
ality, initial VA, and location of optic nerve enhancement
among all groups. Subgroup analysis was performed for the
MS, NMOSD, and MOGAD groups. Sex and optic disc
appearances were significantly different among the three
groups. There was no significant difference regarding age,

ETIOLOGIES OF OPTIC NEURITIS
MS
1.8%

Idiopathic
51.5%

Other

autoimmune
Postinfection disorders
0.6% 9.9%

Figure | Pie-chart showing the frequencies of etiologies of acute optic neuritis.
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Table | Patients’ Demographics, Grouped by Diagnosis

Factors MS n=3 NMOSD MOG n=9 Other Postinfection | Idiopathic All Subgroup
(Patients) n=53 Autoimmune | n=1 n=88 Group Analysis*
Disorder Analysis P value
n=17 P value
Sex, n (%)
Female 2 (66.7) 49 (92.5) 5 (55.6) 13 (76.5) 1 (100.0) 64 (72.7) 0.02 0.009
Male 1 (33.3) 4 (7.5) 4 (44.4) 4 (23.5) 0 (0.0) 24 (27.3)
Age, mean (SD) | 31.7 (6.4) 43.2 (16.0) 46.1 (18.1) 47.1 (12.2) 29 (0.0) 46.2 (15.5) 0.42 0.41
Initial VA, 0.6 (0.1, 0.6) 2.6 (0.7, 2.7) 0.9 (0.7, 2.6) 1.2 (0.3, 2.6) 2.6 (2.6, 2.6) 2.6 (0.8, 27) 0.30 0.07
median (range)
Race, n (%)
Thai 2 (66.7) 52 (98.1) 9 (100.0) 17 (100.0) 1 (100.0) 88 (100.0) 0.04 0.11
Caucasian 1 (33.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0
Asian 0 (0.0) 1 (1.9) 0 ( 0 (0.0) 0 (0.0) 0 (0.0
Pain, n (%)
Present 2 (66.7) 31 (58.5) 7(77.8) 6 (35.3) 1 (100.0) 41 (46.6) 0.17 0.68
Absent 1 (33.3) 22 (41.5) 2 (22.2) 11 (64.7) 0 (0.0) 47 (53.4)
Bilaterality, n (%)
Single 3 (100.0) 40 (75.5) 4 (44.4) 8 (47.1) 1 (100.0) 60 (68.2) 0.11 0.14
Bilateral 0 (0.0) 13 (24.5) 5 (55.6) 9 (52.9) 0 (0.0) 28 (31.8)
Disc, eyes (%)
Normal 1(33.3) 35 (53.0) 1(7.1) 19 (73.1) 1 (100.0) 53 (45.7) <0.001 <0.001
Swelling 1 (33.3) 12 (18.2) 11 (78.6) 6 (23.1) 0 (0.0) 43 (37.1)
Pale 1(33.3) 19 (28.8) 2 (143) 1 (3.8) 0 (0.0 20 (17.2)

Note: *Subgroup analysis (MS, NMOSD, and MOG).

Abbreviations: MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum disorder; MOG, myelin oligodendrocyte glycoprotein antibody; VA, visual acuity; SD,

standard deviation; logMAR, log minimum angle of resolution.

pain, bilaterality, initial VA, and location of optic nerve
enhancement in the subgroup analysis.

A patient with anti-NMDAR antibody was a 22-year-old
man with a history of aseptic meningitis. He initially pre-
sented with two episodes of bilateral ON, followed by trans-
verse myelitis, double vision, seizure, hallucination and
confusion within a few months. His logMAR VA at the
start of the second episode was 1.1 bilaterally, which was
restored to 0.18 and 0.0 following steroid treatment. Both
optic discs and other ophthalmologic findings were unre-
markable. Contrast-enhanced T1-weighted (CE-T1W) orbi-
tal MRI demonstrated enhancement of both optic nerves in
the intracanal and intracranial segments. CE-T1W brain MRI
revealed enhanced lesions at the bilateral temporal lobes,
basal ganglia, periventricular area and right cerebellar ped-
uncle. Spinal cord MRIs revealed extensive longitudinal cord
involvement. AQP-IgG and other antibodies were negative.
He was later tested for anti-NMDAR antibody, which turned
out to be positive. He was subsequently diagnosed with anti-
NMDAR limbic encephalitis.

There were three patients with anti-Jol. The first
patient was a 6l-year-old man with 3+ anti-Jol and
a history of chronic obstructive pulmonary disease. He
had painless bilateral CRION, logMAR VA 1.3 in both
eyes, and normal optic discs. Other neurological examina-
tions were normal. Both optic nerves were enhanced from
the intraorbital segment to the chiasm on CE-T1W orbital
MRI. His brain MRI was normal. He responded well to
steroid treatment and experienced no further relapses of
ON following initiation of mycophenolate mofetil. The
second case was a 39-year-old woman with 1+ anti-Jol.
She had painless bilateral SION, logMAR VA 0.7 in both
eyes, normal optic discs, normal neurological examina-
tions, and no optic nerve enhancement. Brain MRI
(FLAIR) revealed nonspecific, hyperintense foci in the
subcortical white matter of both fronto-parieto-temporal
lobes. Her vision recovered well after steroid treatment.
The third case was a 45-year-old woman with 1+ anti-Jo1.
She had painless unilateral SION, logMAR VA 2.6, normal
optic discs, and normal neurological examinations. There

submit your manuscript

2938

Dove

Clinical Ophthalmology 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Vanikieti et al

Table 2 Frequency of Enhanced Optic Nerves on Contrast-Enhanced T1-Weighted Orbital Magnetic Resonance Imaging with Fat

Suppression in Different Segments of the Optic Nerve

Segments of MS n=3 NMOSD MOG Other Postinfection | Idiopathic | All Group Subgroup
the Optic (eyes) n=66 n=14 Autoimmune n=1 n=116 Analysis P Analysis* P
Nerve Disorders n=26 value value
Intraorbital, n (%) | 2 (66.7) 34 (51.5) 12 (85.7) 12 (46.2) 1 (100.0) 70 (60.3) 0.17 0.18
Intracanal, n (%) 3 (100.0) 37 (56.1) 11 (78.6) 16 (61.5) 1 (100.0) 71 (61.2) 0.78 0.30
Intracranial, n (%) | 0 (0.0) 23 (34.8) 5 (35.7) 10 (38.5) 0 (0.0 41 (35.3) 0.89 0.53
Chiasm, n (%) 0 (0.0 9 (13.6) 2 (14.3) 2(7.7) 0 (0.0 14 (12) 0.88 1.00

Tract, n (%) 0 (0.0) 6 (9.1) 0 (0.0) 0 (0.0) 0 (0.0) 5(4.3) 0.36 0.68

Note: *Subgroup analysis (MS, NMOSD, and MOG).

Abbreviations: MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum disorder; MOG, myelin oligodendrocyte glycoprotein antibody.

was enhancement of the optic nerve in the intracanal and
intracranial segments. Her brain MRI revealed pachyme-
ningitis at the bilateral anterior cranial fossa and bilateral
olfactory bulbs. Her vision recovered well following ster-
oid treatment.

Two patients were seropositive for c-:ANCA but did not
report any systemic symptoms. The first case was a 45-year-
old woman with painless bilateral SION, logMAR VA 2.6
on the right and 2.7 on the left, normal optic discs, and no
optic nerve enhancement. There were bilateral periventri-
cular lesions on FLAIR. The second patient was a 58-year-
old woman with painful bilateral SION, logMAR VA 2.9 in
both eyes, mild disc swelling, enhancement of optic nerves
at the intraorbital and intracanal segments, and normal brain
MRIs. Both patients responded well to steroids.

A 54-year-old woman with anti-centromere antibody
had painful unilateral CRION, logMAR VA 0.9, normal
optic disc appearance, an enhanced optic nerve at the
intracranial segment, and pachymeningitis on brain
MRIs.

Discussion

This study demonstrated that the most common etiology of
acute ON at a university hospital in Bangkok, Thailand, was
idiopathic, followed by NMOSD, other autoimmune disor-
ders, MOGAD, MS, and postinfection. Severe visual loss
and enhancement of the long segment of the optic nerve
were frequent findings. Sex and optic disc appearances were
important clinical features that are helpful in clinical con-
sideration. The etiologies were generally similar to those
observed in other Asian countries.”> %’ The results were
also comparable to those reported in Chiangmai, which
lies in northern Thailand.*® A slight difference is that the
number of MS cases was relatively higher in Chiangmai
Province. In China, the most frequent etiology was

idiopathic according to Zhang et al.>* Other autoimmune
disorders and NMOSD were common etiologies in another
Chinese series.”* Chinese patients > 65-year-old were less
likely to develop NMOSD or MS. They experienced severe
visual loss and a poor visual prognosis.** Japanese and
Korean studies revealed that the most common etiology
was idiopathic, followed by NMOSD, MOGAD and
MS.?>2® The proportion of MS in these studies was rela-
tively low. Meanwhile, the majority of South African
patients with immune-mediated ON developed idiopathic-
ON with atypical features.” Idiopathic-ON clinical profiles
in South African patients were different from those in
Caucasian patients. South African patients tended to have
bilateral involvement, severe visual loss, disc swelling and
a weak association with MS.*° Patients with ON from
African or African-Caribbean backgrounds were > 3 times
more likely to develop NMOSD, compared with patients of
Caucasian backgrounds.®' Conversely, MS was the most
common etiology of ON in Caucasian, Saudi Arabian and
Indian patients.**?=* A study in Turkey revealed that idio-
pathic-ON and MS were the most frequent etiologies,
whereas NMOSD was the least frequent etiology.35 These
studies suggest that the frequency of ON etiologies varies
among patients of different ethnic backgrounds. Early
recognition of the specific cause of ON is important to
prevent severe visual loss and avoid inappropriate treat-
ments. It is also necessary to make thorough examinations
in Asian and African patients before diagnosing MS.

The number of patients with MS patients in this study
was small. Like Western studies, their clinical and radi-
ological presentations were classical for MS-ON.'*® They
developed unilateral visual loss with variable severity.
Ocular pain was a common finding. Optic nerve enhance-
ment was localized anteriorly at the intraorbital and intra-

canal segments.

Clinical Ophthalmology 2020:14
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Figure 2 Fat-suppressed T|-weighted magnetic resonance imaging of the orbits with contrast shows (A) right optic nerve enhancement at the intraorbital segment in a
patient with MS; (B) right optic nerve enhancement from the intraorbital segment to the intracranial segment in a patient with NMOSD; (C) bilateral optic nerve
enhancement at the intraorbital and intracanal segments with optic nerve sheath and peribulbar fat involvement in a patient with MOGAD; (D) bilateral optic nerve
involvement in a patient with CRION and anti-Jo|; and (E) mild enhancement of the perioptic nerve sheath complex at the intracanalicular segment of the left optic nerve in

a patient with RION and idiopathic ON.

Clinical features in patients with NMOSD in this study
were in good agreement with those in Western literature.'”’
They presented with severe visual loss, simultaneous bilat-
eral involvement, enhancement of the long segment of the
optic nerve, and chiasmal involvement.

Several features of MOGAD in this study were consis-
tent with those in other Western and Asian studies.*® Unlike
MS and NMOSD, many studies have revealed that
MOGAD equally affects males and females. The prominent
clinical feature is optic disc swelling. The proportion of the
age of onset, VA, and optic nerve neuroimaging is similar
between patients of different races. Caucasian patients are
more likely to experience ocular pain, recurrent attacks, and
other central nervous system involvement. Asian patients
tend to have disease isolated to the optic nerve.*®

ON is relatively uncommon in the course of SLE,
Sjogren’s syndrome and RA.***° It can be either the first

presentation of the autoimmune disorders or present after

the patient receives medications. The disorders have spe-
cific treatments and are steroid-dependent. In this study,
we reported anti-NMDAR-associated ON. The observa-
tions suggest that ON or transverse myelitis can be an
early manifestation of anti-NMDAR limbic encephalitis.*'
The clinical phenotypes mimic seronegative NMOSD.
Moreover, we have also reported three cases of ON with
anti-Jol antibody. The severity of ON was related to the
level of the antibody. The patient with 3+ anti-Jol devel-
oped severe bilateral visual loss, long optic nerve involve-
ment, and steroid-dependence. The other two patients,
with 1+ anti-Jol, had a relatively mild course of the dis-
ease. As far as we are aware, there has been no previous
report of anti-Jol-associated ON. The antibody usually
causes anti-synthetase syndrome, interstitial lung disease
and myositis.>>***** Anti-centromere and c-ANCA in
ON have been occasionally reported in systemic sclerosis

and granulomatosis with polyangiitis, respectively.****
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Idiopathic-ON had some special characteristics, such
as severe visual loss, abnormal enhancement of the chiasm
and tract, and involvement of the long segment of the optic
nerve. These cases shared the same phenotypes as
NMOSD and MOGAD. It is possible that these idiopathic
cases were caused by undetected AQP4-IgG, MOG-IgG or
unknown antibodies. In a cohort study, patients with
SION, RION, CRION and MS-ON were reinvestigated
for AQP4-IgG and MOG-IgG. More cases were reclassi-
fied to the NMOSD and MOGAD groups according to the
antibody status.*® The number of idiopathic cases may
decline with improved detection of antibodies. A limita-
tion of the study was that visual evoked potential and
optical coherence tomography were not evaluated.

Conclusion

The most common cause of acute ON in this study was
idiopathic. The finding was similar to those from other
Asian countries. Idiopathic-ON shared some phenotypes
with NMOSD and MOGAD. We have also reported cases
of patients with ON with anti-NMDAR, anti-Jol, c-ANCA
and anti-centromere antibodies. The improvement in anti-
body detection has widened the range of possible etiolo-
gies of acute ON. The study highlighted the important role
of antibodies in creating effective treatments in the future.
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