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Objective: To compare demographic data, clinical and radiological characteristics, treat-
ments, and long-term visual outcomes between patients with late-onset neuromyelitis optica 
spectrum disorder-related optic neuritis (LO-NMOSD-ON) (age at onset ≥ 50 years) and 
patients with early-onset neuromyelitis optica spectrum disorder-related optic neuritis (EO- 
NMOSD-ON) (age at onset < 50 years).
Patients and Methods: This retrospective study included 47 patients (69 eyes) who were 
diagnosed with neuromyelitis optica spectrum disorder-related optic neuritis (NMOSD-ON) 
over a 12-year period. There were 14 patients (21 eyes) and 33 patients (48 eyes) in the LO- 
NMOSD-ON and EO-NMOSD-ON groups, respectively.
Results: LO-NMOSD-ON–affected eyes exhibited significantly worse median nadir visual 
acuity (VA) at optic neuritis (ON) onset, compared with EO-NMOSD-ON–affected eyes (2.7 
logMAR (range 2.6–2.9 logMAR) vs 1.95 logMAR (range 0.4–2.9 logMAR); p = 0.03). 
Similarly, 100% of LO-NMOSD-ON–affected eyes demonstrated a nadir VA of worse than or 
equal to 1.0 logMAR, compared with 62.5% of EO-NMOSD-ON–affected eyes (p = 0.03). LO- 
NMOSD-ON–affected eyes had a worse median final VA, compared with EO-NMOSD-ON– 
affected eyes (1.3 logMAR (range 0–2.9 logMAR) vs 0.3 logMAR (range 0–2.9 logMAR); 
adjusted p = 0.037). LO-NMOSD-ON–affected eyes more frequently exhibited a final VA of 
worse than or equal to 1.0 logMAR, compared with EO-NMOSD-ON–affected eyes (57.1% vs 
27.0%; adjusted p = 0.039). A positive correlation was observed between age at ON onset of each 
eye and the final VA (logMAR) (Spearman r = 0.34, p = 0.0075). The remaining parameters did 
not significantly differ between the two groups.
Conclusion: Patients with LO-NMOSD-ON had significantly worse nadir VA at ON onset 
and significantly worse final VA, relative to patients with EO-NMOSD-ON. Age at ON onset 
of each eye was positively correlated with final VA (logMAR). Despite the difference in 
common age at onset, NMOSD-ON should be included in the differential diagnosis of late- 
onset acute to subacute optic neuropathy, along with ischemic optic neuropathy.
Keywords: late-onset, optic neuritis, neuromyelitis optica spectrum disorder, Thai

Introduction
Neuromyelitis optica spectrum disorder (NMOSD) is a group of severe demyelinat-
ing diseases of the central nervous system.1 These diseases include optic neuritis 
(ON) and longitudinally extensive transverse myelitis, as well as area postrema, 
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brainstem, diencephalon, and cerebral syndromes. One of 
the most common initial manifestations is acute-onset ON, 
which tends to be severe.

The typical age range at NMOSD onset is 32 to 41 
years; however, this disorder has also been encountered in 
children and older adults.2–4 Older age at NMOSD onset is 
reportedly associated with worse disease prognosis, higher 
mortality rate, and greater susceptibility to disability.5 

When it occurs in older patients (age at NMOSD onset ≥ 
50 years), the disorder is known as late-onset neuromyeli-
tis optica spectrum disorder (LO-NMOSD). Notably, one 
retrospective study demonstrated a relationship between 
age at ON onset and final visual outcomes; later onset of 
neuromyelitis optica spectrum disorder-related optic neur-
itis (NMOSD-ON) was associated with worse final visual 
outcome.6

Few studies have investigated the epidemiological and 
clinical characteristics of LO-NMOSD.5,7–13 Some have 
compared these aspects with early-onset NMOSD (EO- 
NMOSD; age at NMOSD onset < 50 years).5,10–13 To the 
best of our knowledge, no studies have been performed to 
specifically compare clinical characteristics and long-term 
visual outcomes between patients with late-onset neuro-
myelitis optica spectrum disorder-related optic neuritis 
(LO-NMOSD-ON) and those with early-onset neuromye-
litis optica spectrum disorder-related optic neuritis (EO- 
NMOSD-ON). Therefore, this study was performed to 
comprehensively compare demographic data, clinical and 
radiological characteristics, treatments, and long-term 
visual outcomes between patients with LO-NMOSD-ON 
and patients with EO-NMOSD-ON.

Patients and Methods
Patients
This study protocol followed the tenets of the Declaration 
of Helsinki and was approved by the Institutional Review 
Board of the Faculty of Medicine Ramathibodi Hospital, 
Mahidol University, Bangkok, Thailand. All patients pro-
vided informed consent prior to inclusion in the study and 
their privacy was protected throughout the analysis. 
Electronic medical records were retrospectively reviewed 
for patients who had been diagnosed with NMOSD-ON in 
the Neuro-Ophthalmology Clinic, Faculty of Medicine 
Ramathibodi Hospital, between January 2008 and June 
2020. The diagnosis of NMOSD was performed in accor-
dance with the international consensus diagnostic criteria 
for NMOSD, with or without aquaporin-4 (AQP4) 

antibodies.14 All AQP4 antibody testing was performed 
using a cell-based assay (CBA) (Fixed cells: cell-based 
indirect immunofluorescence assays utilizing M1-AQP4- 
transfected HEK293 cells [commercial AQP4-CBA kit; 
Euroimmun, Lubeck, Germany]). Patients who had 
NMOSD-ON onset at the age of ≥50 years were diagnosed 
with LO-NMOSD-ON, while those who had NMOSD-ON 
onset at the age of <50 years were diagnosed with EO- 
NMOSD-ON. All included eyes had experienced at least 
one episode of NMOSD-ON. Exclusion criteria included 
patients who were <18 years at NMOSD-ON onset and/or 
affected eyes with visually significant cataract or other 
ocular diseases that could affect visual acuity (VA). Flow 
chart of the study selection based on the inclusion and 
exclusion criteria is demonstrated in Figure 1.

Data Collection and Outcomes
The following data were collected from the patients’ med-
ical records: sex, age at ON onset, ON follow-up interval, 
non-ON demyelinating events (prior to or concurrent with 
ON onset), presence of antinuclear antibody, concurrent 
autoimmune diseases, and clinical characteristics at ON 
onset (ie, laterality, presence of pain, nadir VA, and pre-
sence of optic disc edema). The magnetic resonance ima-
ging (MRI) of the anterior visual pathway (AVP) was 
performed at ON onset on two different scanners, a 3.0T 
scanner (Ingenia; Philips Healthcare, Best, the 
Netherlands) and a 1.5T scanner (Signa TwinSpeed; GE 
Healthcare). Each AVP scan was composed of five seg-
ments: orbital optic nerve, intracanalicular optic nerve, 
intracranial optic nerve, optic chiasm, and optic tract.15 

Axial and coronal contrast-enhanced T1-weighted images 
with fat suppression (CE-T1W/FS) were assessed for the 
presence of enhancement in each segment. Data were also 
collected concerning acute-phase treatment of each ON 
episode and maintenance-phase treatment (ie, immunosup-
pressive drugs used at the last follow-up). Finally, long- 
term visual outcomes were evaluated. To determine the 
final VA (primary long-term visual outcome), the last 
follow-up data were collected at least 6 months after the 
most recent ON episode. Other parameters as secondary 
long-term visual outcomes assessed were the presence of 
ON relapse, ON annualized relapse rate (ie, the ratio of the 
number of ON episodes to the number of years since ON 
onset, excluding patients with ON follow-up interval < 1 
year), and interval from ON onset to first ON relapse.
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Statistical Analysis
Categorical data were summarized using proportions and 
percentages, then analyzed using the chi-squared test or 
Fisher’s exact test, as appropriate. Continuous data were 
summarized using means ± standard deviations (normally 
distributed data) or medians and ranges (non-normally dis-
tributed data). Differences between two groups were ana-
lyzed using two-sample t-tests (normally distributed data) 
or the Mann–Whitney U-test (non-normally distributed 
data). Snellen VA measurements were converted to the 
logarithm of the minimum angle of resolution (logMAR) 
for statistical analysis. For analysis of counting fingers, 
hand motion, light perception, and no light perception, 
these VA values were defined as 2.6, 2.7, 2.8, and 2.9 
logMAR, respectively.16,17 Final VA (logMAR) and sub-
group analysis of affected eye with final VA that was worse 
than or equal to 1.0 logMAR between LO-NMOSD-ON- 
and EO-NMOSD-ON-affected eyes were adjusted for pos-
sible confounding factors; number of ON episodes (eyes 
with ON relapse vs without ON relapse) and nadir VA at ON 
onset of each affected eye (eyes with nadir VA at ON onset 
that was worse than or equal to 1.0 logMAR vs better than 
1.0 logMAR) by linear regression and binary logistic 

regression analysis, respectively. Statistical analyses were 
performed using STATA software, version 16.0 (StataCorp 
LLC, College Station, TX, USA). A value of p < 0.05 was 
considered statistically significant. Correlation analysis was 
used to evaluate the relationship between age at ON onset of 
each eye and the final VA (logMAR).

Results
Demographic Data
In total, 47 patients (69 eyes) were included in this study: 14 
patients (21 eyes) and 33 patients (48 eyes) in the LO- 
NMOSD-ON and EO-NMOSD-ON groups, respectively. All 
patients were of Asian ethnicity (100% Thai). The female: 
male ratio was 13:1 (92.8% female) in the LO-NMOSD-ON 
group, whereas all patients were women in the EO-NMOSD- 
ON group; this sex ratio did not significantly differ between 
groups (p = 0.29). Overall, AQP4 antibodies were detected in 
44 of 47 patients (93.6%). Myelin oligodendrocyte glycopro-
tein antibodies were assessed in all three AQP4-seronegative 
patients but were absent from all three patients. The mean age 
at ON onset was twofold greater in the LO-NMOSD-ON 
group than in the EO-NMOSD-ON group (64.1 years vs 32.6 
years; p < 0.001). There was no statistically significant 

Figure 1 Flow chart of the study selection based on the inclusion and exclusion criteria.
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difference in median ON follow-up interval between the LO- 
NMOSD-ON and EO-NMOSD-ON groups (59.5 months 
(range 6–144 months) vs 43 months (range 6–228 months); p 
= 0.93). In the LO-NMOSD-ON group, two of 10 patients for 
whom data were available (20%) experienced non-ON demye-
linating events prior to or concurrent with ON onset. Similarly, 
seven of 22 patients with EO-NMOSD-ON for whom data 
were available (31.8%) experienced non-ON demyelinating 
events prior to or concurrent with ON onset (p = 0.68). 
Myelitis was the most common non-ON demyelinating event 
experienced in both groups. Antinuclear antibodies were 
detected in approximately half of the patients in both the LO- 
NMOSD-ON and EO-NMOSD-ON groups (50% vs 57.5%; p 
= 0.63). In the LO-NMOSD-ON group, concurrent autoim-
mune diseases were identified in two patients (14.2%): sys-
temic lupus erythematosus (one patient) and Graves’ disease 
(one patient). In the EO-NMOSD-ON group, nine patients 
(27.2%) had concurrent autoimmune diseases: most had sys-
temic lupus erythematosus (four patients). However, the pro-
portion of patients with concurrent autoimmune diseases did 
not significantly differ between the two groups (p = 0.46). 
Detailed demographic data are provided in Table 1.

Clinical Characteristics at ON Onset
Data regarding clinical characteristics at ON onset were 
available for 10 patients (10 eyes) and 22 patients (24 
eyes) in the LO-NMOSD-ON and EO-NMOSD-ON 
groups, respectively. Only two patients (9.1%) in the EO- 
NMOSD-ON group presented with bilateral simultaneous 
ON, while no patients in the LO-NMOSD-ON group pre-
sented with bilateral simultaneous ON (p = 1.00). At ON 
onset, pain was more frequently observed in EO-NMOSD- 
ON–affected eyes (79.1%) than in LO-NMOSD-ON– 
affected eyes (60.0%). However, this difference was not 
statistically significant (p = 0.39).

Both groups demonstrated poor nadir VA at ON onset. 
However, the median nadir VA was significantly worse in 
LO-NMOSD-ON–affected eyes than in EO-NMOSD-ON– 
affected eyes (2.7 logMAR (range 2.6–2.9 logMAR) vs 
1.95 logMAR (range 0.4–2.9 logMAR); p = 0.03). 
Moreover, all LO-NMOSD-ON–affected eyes demon-
strated a nadir VA at ON onset of worse than or equal to 
1.0 logMAR, compared with 62.5% of EO-NMOSD-ON– 
affected eyes (p = 0.03).

Table 1 Comparison of Demographic Characteristics in Patients with LO-NMOSD-ON and Patients with EO-NMOSD-ON

Demographic Data LO-NMOSD- 

ON

EO-NMOSD- 

ON

p-value

▫ Number of patients, n 14 33

▫ Number of affected eyes, n 21 48

▫ Female: male ratio (% of patients who were female) 13:1 (92.8%) 33:0 (100%) 0.29

▫ Age at ON onset, mean ± standard deviation, years 64.1 ± 12.3 32.6 ± 9.3 < 0.001*

▫ ON follow-up interval, median (range), months 59.5 (6–144) 43 (6–228) 0.93

▫ Non-ON demyelinating events prior to or concurrent with ON onset, n of patients/n of patients with available data (%) 2/10 (20.0%) 7/22 (31.8%) 0.68

● Myelitis, n of patients/n of patients with non-ON demyelinating events prior to or concurrent with ON onset (%) 2/2 (100%) 7/7 (100%) 0.69

● Area postrema syndrome, n of patients/n of patients with non-ON demyelinating events prior to or concurrent with ON 

onset (%)

0/2 (0%) 0/7 (0%) -

● Acute brainstem syndrome, n of patients/n of patients with non-ON demyelinating events prior to or concurrent with 

ON onset (%)

0/2 (0%) 3/7 (42.8%)† 0.53

● Symptomatic cerebral syndrome, n of patients/n of patients with non-ON demyelinating events prior to or concurrent 

with ON onset (%)

0/2 (0%) 0/7 (0%) -

▫ Presence of antinuclear antibody, n of patients/n of patients with available data (%) 7/14 (50.0%) 19/33 (57.5%) 0.63

▫ Concurrent autoimmune diseases, n of patients (%) 2/14 (14.2%) 9/33 (27.2%) 0.46

● Sjogren syndrome, n of patients/n of patients with concurrent autoimmune diseases (%) 0/2 (0%) 3/9 (33.3%) 0.54

● Systemic lupus erythematosus, n of patients/n of patients with concurrent autoimmune diseases (%) 1/2 (50.0%) 4/9 (44.4%) 0.54

● Graves’ disease, n of patients/n of patients with concurrent autoimmune diseases (%) 1/2 (50.0%) 1/9 (11.1%) 0.51

● Myasthenia gravis, n of patients/n of patients with concurrent autoimmune diseases (%) 0/2 (0%) 1/9 (11.1%) 1.00

Notes: * Statistically significant (p < 0.05); †These three patients were also included in the seven patients who had myelitis prior to or concurrent with ON onset, due to the 
presence of both myelitis and acute brainstem syndrome prior to or concurrent with ON onset. 
Abbreviations: LO-NMOSD-ON, late-onset neuromyelitis optica spectrum disorder-related optic neuritis; EO-NMOSD-ON, early-onset neuromyelitis optica spectrum 
disorder-related optic neuritis; ON, optic neuritis; n, number.
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Optic disc edema at ON onset was present in 33% of 
EO-NMOSD-ON–affected eyes and in 0% of LO- 
NMOSD-ON–affected eyes; this difference was not statis-
tically significant (p = 0.07). A detailed summary of clin-
ical characteristics at ON onset is provided in Table 2.

MRI Characteristics at ON Onset
At ON onset, MRI data were available for 10 AVPs in LO- 
NMOSD-ON–affected eyes (10 affected eyes) and 24 
AVPs in EO-NMOSD-ON–affected eyes (24 affected 
eyes). Orbital optic nerve enhancement was found in 
80% of LO-NMOSD-ON–affected eyes. Conversely, intra-
canalicular optic nerve enhancement was present in 79.1% 
of EO-NMOSD-ON–affected eyes. However, there were 
no statistically significant differences in segmental 
enhancement or total enhanced segments of AVPs between 
the two groups at ON onset. EO-NMOSD-ON–affected 

eyes had a slightly higher proportion of AVPs with ≥2 
consecutive enhanced segments, compared with LO- 
NMOSD-ON–affected eyes; however, this difference was 
not statistically significant (p = 0.43). A detailed summary 
of MRI characteristics at ON onset is provided in Table 3.

Treatment
Acute Phase
Acute-phase treatment was performed in 24 LO-NMOSD- 
ON episodes and 63 EO-NMOSD-ON episodes in our 
institution. All affected patients were treated with 3–5 
consecutive days of intravenous methylprednisolone 
(IVMP) 1 g/day, followed by slowly tapered prednisolone 
for 2–3 months. There was no statistically significant 
difference in the median interval from ON onset to 
IVMP treatment between the LO-NMOSD-ON group and 
EO-NMOSD-ON groups (5 days (range 1–45 days) vs 6 

Table 2 Clinical Characteristics at ON Onset in Patients with LO-NMOSD-ON and Patients with EO-NMOSD-ON

Clinical Characteristics at ON Onset LO-NMOSD- 
ON

EO-NMOSD- 
ON

p- 
value

▫ Bilaterality, n of patients/n of patients with available data (%) 0/10 (0%) 2/22 (9.1%) 1.00

▫ Presence of pain, n of eyes/n of eyes with available data (%) 6/10 (60.0%) 19/24 (79.1%) 0.39

▫ Nadir VA at ON onset
● Nadir VA at ON onset, median (range), logMAR 2.7 (2.6–2.9) 1.95 (0.4–2.9) 0.03*
● Nadir VA at ON onset worse than or equal to 1.0 logMAR, n of eyes/n of eyes with available 

data (%)
10/10 (100%) 15/24 (62.5%) 0.03*

▫ Presence of optic disc edema, n of eyes/n of eyes with available data (%) 0/10 (0.0%) 8/24 (33.3%) 0.07

Note: *Statistically significant (p < 0.05). 
Abbreviations: LO-NMOSD-ON, late-onset neuromyelitis optica spectrum disorder-related optic neuritis; EO-NMOSD-ON, early-onset neuromyelitis optica spectrum 
disorder-related optic neuritis; ON, optic neuritis; VA, visual acuity; logMAR, logarithm of the minimum angle of resolution; n, number.

Table 3 Magnetic Resonance Imaging Characteristics at ON Onset in Patients with LO-NMOSD-ON and Patients with EO-NMOSD- 
ON: Segmental Enhancement of AVPs

Segmental Enhancement of AVPs LO-NMOSD- 
ON 
(n = 10 AVPs)

EO-NMOSD- 
ON 
(n = 24 AVPs)

p- 
value

▫ Segmental enhancement of AVPs, n of AVPs with each enhanced segment/n of available AVPs 

(%)
● Orbital optic nerve 8/10 (80.0%) 17/24 (70.8%) 0.69
● Intracanalicular optic nerve 6/10 (60.0%) 19/24 (79.1%) 0.39
● Intracranial optic nerve 2/10 (20.0%) 13/24 (54.1%) 0.12
● Optic chiasm 0/10 (0.0%) 4/24 (16.6%) 0.29
● Optic tract 0/10 (0.0%) 1/24 (4.1%) 1.00 

0.43● ≥2 consecutive enhanced segments 6/10 (60.0%) 18/24 (75.0%)

▫ Total enhanced segments, mean ± standard deviation, segments 1.60 ± 0.51 2.20 ± 1.02 0.08

Abbreviations: LO-NMOSD-ON, late-onset neuromyelitis optica spectrum disorder-related optic neuritis; EO-NMOSD-ON, early-onset neuromyelitis optica spectrum 
disorder-related optic neuritis; ON, optic neuritis; AVP, anterior visual pathway; n, number.
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days (range 0–45 days); p = 0.62). For patients who did 
not respond to IVMP treatment, adjunctive plasma 
exchange was performed as second-line therapy in two 
LO-NMOSD-ON episodes (8.3%) and five EO-NMOSD- 
ON episodes (7.9%); however, this difference was not 
statistically significant (p = 1.00). A detailed summary of 
acute-phase treatment is provided in Table 4.

Maintenance Phase
All patients received immunosuppressive drugs for at least 
5 years following the diagnosis of NMOSD-ON or 
NMOSD. The proportion of patients receiving immuno-
suppressive drugs at the last follow-up was much greater 
in patients with EO-NMOSD-ON than in patients with 
LO-NMOSD-ON (81.8% vs 57.1%). However, this differ-
ence was not statistically significant (p = 0.14). 
Azathioprine and mycophenolate mofetil were the most 
common immunosuppressive drugs used in patients with 
LO-NMOSD-ON (50%) and those with EO-NMOSD-ON 
(44.4%), respectively. A detailed summary of mainte-
nance-phase treatment is provided in Table 5.

Long-Term Visual Outcomes
Sixty-nine affected eyes of 47 patients were included in 
the assessment of final VA. There was a significant 

difference in median final VA between the two groups: it 
was 1.3 logMAR (range 0–2.9 logMAR) in LO-NMOSD- 
ON–affected eyes, whereas it was 0.3 logMAR (range 
0–2.9 logMAR) in EO-NMOSD-ON–affected eyes 
(adjusted p = 0.037). Furthermore, more LO-NMOSD- 
ON–affected eyes exhibited a final VA of worse than or 
equal to 1.0 logMAR, compared with EO-NMOSD-ON– 
affected eyes (57.1% vs 27.0%; adjusted p = 0.039). There 
were no statistically significant differences between 
patients with LO-NMOSD-ON and those with EO- 
NMOSD-ON in terms of the proportion of patients with 
ON relapse, the ON annualized relapse rate, or the interval 
from ON onset to first ON relapse.

Correlation analysis showed that age at ON onset of 
each eye was moderately positively correlated with final 
VA (logMAR) (Spearman r = 0.34, p = 0.0075) (Figure 2). 
Furthermore, two patients died in the overall cohort; 
although both were in the LO-NMOSD-ON group, the 
rate of death did not significantly differ between groups 
(p = 0.29). The main cause of death in these two patients 
was septic shock due to pulmonary infection (pulmonary 
aspergillosis in a 77-year-old patient and bacterial pneu-
monia in an 85-year-old patient). A detailed summary of 
long-term visual outcomes is provided in Table 6.

Table 5 Maintenance-Phase Treatment in Patients with LO-NMOSD-ON and Patients with EO-NMOSD-ON: Immunosuppressive 
Drugs Used at the Last Follow-Up

Maintenance-Phase Treatment LO-NMOSD-ON EO-NMOSD-ON p-value

▫ Immunosuppressive drugs used at the last follow- up, n of patients (%) 8 (57.1%) 27 (81.8%) 0.14
● Azathioprine 4/8 (50%) 10/27 (37.0%) 1.00
● Rituximab 1/8 (12.5%) 2/27 (7.4%) 1.00
● Mycophenolate mofetil 3/8 (37.5%) 12/27 (44.4%) 0.49
● Intravenous cyclophosphamide 0/8 (0.0%) 2/27 (7.4%) 1.00
● Methotrexate 0/8 (0.0%) 1/27 (3.7%) 1.00

Note: Unless otherwise indicated, data are shown as n of patients receiving each immunosuppressive drug/total n of patients receiving immunosuppressive drugs (%). 
Abbreviations: LO-NMOSD-ON, late-onset neuromyelitis optica spectrum disorder-related optic neuritis; EO-NMOSD-ON, early-onset neuromyelitis optica spectrum 
disorder-related optic neuritis; n, number.

Table 4 Acute-Phase Treatment in Patients with LO-NMOSD-ON and Patients with EO-NMOSD-ON

Acute-Phase Treatment LO-NMOSD- 
ON

EO-NMOSD- 
ON

p- 
value

▫ Number of ON episodes treated in our institution, n 24 63 -

▫ Interval from ON onset to intravenous methylprednisolone treatment, median (range), 

days

5 (1–45) 6 (0–45) 0.62

▫ Adjunctive plasma exchange, n of episodes (%) 2 (8.3%) 5 (7.9%) 1.00

Abbreviations: LO-NMOSD-ON, late-onset neuromyelitis optica spectrum disorder-related optic neuritis; EO-NMOSD-ON, early-onset neuromyelitis optica spectrum 
disorder-related optic neuritis; ON, optic neuritis; n, number.
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Discussion
This study compared demographic data, clinical and radi-
ological characteristics, treatments, and long-term visual 
outcomes between 14 patients with LO-NMOSD-ON and 
33 patients with EO-NMOSD-ON. Patients with LO- 
NMOSD-ON had both significantly worse nadir VA at 
ON onset and significantly worse final VA, relative to 
patients with EO-NMOSD-ON. To the best of our knowl-
edge, this is the first study to comprehensively compare 
these ophthalmic aspects between LO-NMOSD-ON and 
EO-NMOSD-ON.

Demographic Data
The majority of patients with LO-NMOSD-ON and all 
patients with EO-NMOSD-ON were women in this 
study. These results were in agreement with previous 

findings of strong female predominance in patients with 
NMOSD.5,7–13 In our LO-NMOSD-ON cohort, the mean 
age at ON onset was approximately 65 years, which was 
slightly higher than the ages reported in previous studies 
(56–59.4 years).5,7–13 However, the mean age at ON onset 
was 32.6 years in our EO-NMOSD-ON cohort, which is 
comparable with the typical age at NMOSD onset in pre-
vious studies (32–41 years).2–4 Moreover, our previously 
published article, which studied prognostic factors for 
visual outcomes following the first episode of ON in 
each affected eye in overall age group of NMOSD-ON 
patients, showed that a median age at NMOSD-ON onset 
was 36 years (range 4–84 years).18 Notably, unlike our 
previously published article, patients with age < 18 years 
at NMOSD-ON onset were excluded in this study.

Small proportions of patients in the LO-NMOSD-ON 
(20%) and EO-NMOSD-ON groups (31.8%) experienced 
non-ON demyelinating events prior to or concurrent with 
ON onset; notably, myelitis was the most common event. 
These results imply that both patients with LO-NMOSD- 
ON and those with EO-NMOSD-ON were more likely to 
present with isolated ON as the initial manifestation of 
NMOSD. Therefore, ophthalmologists should ensure they 
are familiarized with NMOSD-related ON. This indicates 
the important roles of both ophthalmologists and neurolo-
gists in the establishment of NMOSD diagnosis.

There was no statistically significant difference in the 
presence of antinuclear antibody between patients with LO- 
NMOSD-ON and those with EO-NMOSD-ON, as in pre-
vious studies.11,13 Nine patients (27.2%) in the EO-NMOSD- 
ON group and two patients (14.2%) in the LO-NMOSD-ON 
group had concurrent autoimmune diseases; this finding was 

Figure 2 Correlation analysis revealed a positive correlation between age at ON 
onset of each eye (years) and final VA (logMAR) (Spearman r = 0.34, p = 0.0075) in 
patients with LO-NMOSD-ON and patients with EO-NMOSD-ON.

Table 6 Long-Term Visual Outcomes in Patients with LO-NMOSD-ON and Patients with EO-NMOSD-ON

Long-Term Visual Outcomes LO-NMOSD- 
ON

EO-NMOSD- 
ON

p- 
value

Adjusted 
p-value

▫ Final VA
● Final VA, median (range), logMAR 1.3 (0–2.9) 0.3 (0–2.9) 0.01* 0.037*
● Final VA worse than or equal to 1.0 logMAR, n of eyes/n of eyes with 

available data (%)
12/21 (57.1%) 13/48 (27.0%) 0.03* 0.039*

▫ ON relapse, n of patients (%) 7 (50.0%) 19 (57.5%) 0.63 -

▫ ON annualized relapse rate, median (range) 0.25 (0.16–0.41) 0.31 (0.13–1.40) 0.30 -

▫ Interval from ON onset to first ON relapse, median (range), months 48 (24–72) 20.5 (2–90) 0.20 -

▫ Deaths, n of patients (%) 2 (14.2%) 0 (0.0%) 0.29 -

Note: *Statistically significant (p < 0.05). 
Abbreviations: LO-NMOSD-ON, late-onset neuromyelitis optica spectrum disorder-related optic neuritis; EO-NMOSD-ON, early-onset neuromyelitis optica spectrum 
disorder-related optic neuritis; ON, optic neuritis; VA, visual acuity; logMAR, logarithm of the minimum angle of resolution; n, number.
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comparable with the results of previous studies in which 
there were no differences between patients with EO- 
NMOSD-ON and those with LO-NMOSD-ON in terms of 
concurrent autoimmune diseases.7,8,10–13

Clinical Characteristics at ON Onset
At ON onset, bilateral simultaneous ON was observed in 
two patients in the EO-NMOSD-ON group, compared 
with none in the LO-NMOSD-ON group. In contrast, a 
previous retrospective study reported that 11 of 59 
patients with LO-NMOSD-ON (18.6%) experienced 
bilateral simultaneous ON.11 The difference in results 
between studies is presumably because our investigation 
included a smaller number of patients with LO- 
NMOSD-ON. Furthermore, pain is one of the most 
frequent symptoms at ON onset; this was observed in 
approximately three-fifths of both LO-NMOSD-ON– 
affected eyes and EO-NMOSD-ON–affected eyes. 
These rates were fairly similar to the findings in a 
previous study.19

In our study, LO-NMOSD-ON–affected eyes had signifi-
cantly worse nadir VA at ON onset, compared with EO- 
NMOSD-ON–affected eyes. Moreover, all LO-NMOSD- 
ON–affected eyes demonstrated a nadir VA at ON onset of 
worse than or equal to 1.0 logMAR, compared with 62.5% of 
EO-NMOSD-ON–affected eyes. These results were consis-
tent with the findings in previous studies, whereby patients 
with LO-NMOSD had worse Expanded Disability Status 
Scale scores after first attack, relative to patients with EO- 
NMOSD.12 Worse nadir VA at ON onset in LO-NMOSD- 
ON–affected eyes might be the result of a negative relation-
ship between retinal nerve fiber layer thickness and age.20–22 

Older patients tend to have thinner retinal nerve fiber layer 
thickness. ON is one of the core demyelinating events in 
NMOSD; when this occurs, affected eyes in older patients 
tend to have more severe destruction of the retinal nerve fiber 
layer. This destruction presumably causes worse nadir VA at 
ON onset in LO-NMOSD-ON–affected eyes.

We observed that optic disc edema tended to occur 
more in EO-NMOSD-ON–affected eyes than in LO- 
NMOSD-ON–affected eyes, although this difference was 
not statistically significant. As noted above, older patients 
tend to have thinner retinal nerve fiber layer thickness,20–22 

which might have interfered with clinical detection of 
optic disc edema. Importantly, we are unaware of studies 
concerning this manifestation, for which the results could 
be compared with our current findings.

MRI Characteristics at ON Onset
Although we found no statistically significant difference in 
segmental enhancement of AVPs between the two groups, we 
found that the orbital and intracanalicular optic nerve seg-
ments, respectively, were most commonly enhanced in LO- 
NMOSD-ON–affected eyes and EO-NMOSD-ON–affected 
eyes at ON onset. Previous studies demonstrated a greater 
tendency toward posterior enhancement of AVPs including 
the intracranial optic nerve, optic chiasm, and optic tract in 
patients with NMOSD-ON.14 This disparate finding might be 
related to differences in intervals from ON onset to MRI 
examination, which could affect enhancement appearance 
on MRI. Moreover, most of our patients underwent MRI 
examinations after the initiation of IVMP treatment, which 
could interfere with enhancement detection on MRI.

Overall, more than half of the affected eyes in our study 
demonstrated ≥2 consecutive enhanced segments at ON 
onset, a result that did not significantly differ between 
groups. Notably, this radiological finding was consistent 
with longitudinally extensive involvement of AVPs pre-
viously reported in patients with NMOSD-ON.14 However, 
we did not evaluate the actual length of enhancement, con-
trary to the approach in the previous study.14

Treatment
Acute Phase
In our institution, IVMP is the first-line acute-phase treatment 
for NMOSD-ON. Thus, all patients in this study received 3–5 
consecutive days of intravenous IVMP 1 g/day, followed by 
slowly tapered prednisolone for 2–3 months. The interval from 
ON onset to IVMP treatment was similar in both groups. 
Adjunctive plasma exchange was our second-line adjunctive 
treatment, solely administered to patients who did not respond 
to IVMP. Adjunctive plasma exchange was performed in 
fewer than 10% of the episodes in each group. This suggested 
that both patients with LO-NMOSD-ON and those with EO- 
NMOSD-ON were likely to achieve a satisfactory response to 
IVMP treatment.

Maintenance Phase
Immunosuppressive drugs tended to be used more often in 
patients with EO-NMOSD-ON than in patients with LO- 
NMOSD-ON at the last follow-up, although this difference 
was not statistically significant. Older adults are more 
likely to have several comorbidities and experience a risk 
of adverse drug reactions. The occurrence of immunosup-
pressive drug-related complications might cause treating 
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physicians to less frequently use immunosuppressive drugs 
for more than 5 years in older adults.

Because of the existing lack of prospective, rando-
mized controlled trials, there is no consensus regarding 
standard immunosuppressive drug treatment for patients 
with NMOSD. In our institution, overall, azathioprine was 
used as the primary treatment for NMOSD during the 
study period. Mycophenolate mofetil was the next most 
common immunosuppressive drug, administered to 
patients who did not respond to azathioprine or who devel-
oped serious side effects (eg, drug-induced hepatitis). 
Insurance coverage for medical expenses was another fac-
tor that presumably influences the selection of immuno-
suppressive drugs for individual patients.

Long-Term Visual Outcomes
At the last follow-up, median final VA was worse in LO- 
NMOSD-ON–affected eyes than in EO-NMOSD-ON– 
affected eyes. Additionally, twofold more LO-NMOSD- 
ON–affected eyes exhibited final VA of worse than or 
equal to 1.0 logMAR, compared with EO-NMOSD-ON– 
affected eyes. These findings were comparable with the 
results in several Asian and Caucasian population-based 
studies that found worse Expanded Disability Status Scale 
scores at the last visit, as well as greater motor disability 
and wheelchair dependence, in patients with LO-NMOSD 
than in patients with EO-NMOSD.5,8,13 Additionally, one 
multicenter study found more frequent severe visual dis-
ability (ie, VA worse than or equal to 1.0 logMAR) in 
patients with LO-NMOSD than in patients with EO- 
NMOSD.12 Here, we found a positive correlation between 
age at ON onset of each eye and final VA (logMAR). This 
was similar to the positive correlations between age at 
disease onset and Expanded Disability Status Scale score 
observed in previous studies.5,8 This finding implies that 
age at disease onset may affect disability outcomes; spe-
cifically, older age at disease onset may be associated with 
worse disability outcomes.

An association between older age and a weakened repair 
mechanism proposed in a previous study7 is a possible 
explanation for the worse final VA in LO-NMOSD-ON– 
affected eyes than in EO-NMOSD-ON–affected eyes in our 
study. Older patients are more susceptible to disability due to 
this weakened repair mechanism or reduced immune toler-
ance, leading to abnormal anti-inflammatory and restorative 
processes.5,7 Therefore, older patients might be more suscep-
tible to visual disability, consistent with our results.

In our study, we found no statistically significant 
differences in ON annualized relapse rate or the propor-
tion of patients with ON relapse between the two 
groups, which matched the findings of several previous 
studies.5,7,12,13 However, our annualized relapse rate and 
proportion of patients with relapse were both lower than 
in those previous studies. This was likely because we 
exclusively examined ON in our patients; we did not 
assess other non-ON demyelinating events in patients 
with NMOSD, whereas such events were assessed in 
the previous studies.

Although there was no statistically significant differ-
ence in mortality rate between the two groups, two patients 
with LO-NMOSD-ON (14.2%) died during follow-up. The 
main cause of death in these two patients was septic shock 
due to respiratory tract infection, a severe adverse event 
associated with immunosuppressive drug treatment. This 
result was similar to the findings in several previous stu-
dies, where the two main causes of death in patients with 
LO-NMOSD were infection and extensive central nervous 
system demyelination (ie, extensive myelitis).7,8,10,13 

Accordingly, older adults might be at increased risk of 
infection during immunosuppressive drug treatment, due 
to an impaired protective immune response and reduced 
resistance to infectious diseases.23 Therefore, the cautious 
use of immunosuppressive drugs and routine screening for 
opportunistic infection during immunosuppressive therapy 
are strongly suggested for patients with NMOSD, espe-
cially when those patients are older adults.

There were several strengths in this study. First, this 
study involved the comparison of various demographic 
characteristics, clinical and radiological characteristics, 
treatments, and long-term visual outcomes between 
patients with LO-NMOSD-ON and those with EO- 
NMOSD-ON. To the best of our knowledge, this was 
the first comprehensive study involving comparison 
between these patient groups. Second, the ON follow- 
up intervals in our cohorts were both sufficient to repre-
sent long-term visual outcomes (median 59.5 months 
(range 6–144 months) vs 43 months (range 6–228 
months) in patients with LO-NMOSD-ON and those 
with EO-NMOSD-ON, respectively). Lastly, our study 
highlights the gap in differential diagnosis of late-onset 
acute optic neuropathy and subacute optic neuropathy, in 
addition to ischemic optic neuropathy (ie, the most 
common non-glaucomatous optic neuropathy in older 
adults). We consider an awareness of NMOSD-ON in 
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older adults to be crucial due to its distinct treatment 
and prognosis, compared with ischemic optic neuropa-
thy. Early diagnosis and prompt treatment preserve bet-
ter visual outcomes, while preventing further morbidity 
and mortality.

There were some limitations in this study. First, it had a 
retrospective design, which presumably resulted in some 
data loss. Second, all patients in our study were Asian; 
therefore, the results might not be generalizable to patients 
of other ethnicities. Third, this study did not assess other 
elements of visual function (eg, color vision and visual 
field) or structural characteristics (eg, retinal nerve fiber 
layer thickness). Lastly, pediatric patients were excluded 
from our study, so our results cannot be used for guidance 
of clinical treatment in the pediatric population. In the 
future, a large prospective study is needed to confirm our 
findings and provide more conclusive information regard-
ing the ophthalmic aspects of LO-NMOSD-ON, as well as 
a better understanding of the differences between patients 
with LO-NMOSD-ON and those with EO-NMOSD-ON.

Conclusions
Patients with LO-NMOSD-ON had both significantly 
worse nadir VA at ON onset and significantly worse final 
VA, relative to patients with EO-NMOSD-ON. Age at ON 
onset of each eye was positively correlated with final VA 
(logMAR). Despite the difference in common age at onset, 
NMOSD-ON should be included in the differential diag-
nosis of late-onset acute to subacute optic neuropathy, 
along with ischemic optic neuropathy.
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