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Abstract

Purpose: To evaluate the effectiveness of plasma exchange (PLEX) for optic neuritis (ON).

Methods: We conducted an international multicenter retrospective study evaluating the outcomes 

of ON following PLEX. Outcomes were compared to raw data from the Optic Neuritis Treatment 

Trial (ONTT) using a matched subset.

Results: A total of 395 ON attack treated with PLEX from 317 patients were evaluated. The 

median age was 37 years (range 9 to 75) and 71% were female. Causes of ON included: multiple 
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sclerosis (108), myelin-oligodendrocyte-glycoprotein-antibody-associated-disease (MOGAD) 

(92), aquaporin-4-IgG-positive-neuromyelitis-optica-spectrum-disorder (AQP4+NMOSD) (75), 

seronegative-NMOSD (34), idiopathic (83), and other (3). Median time from onset of vision loss 

to PLEX was 2.6 weeks (IQR, 1.4–4.0). Median visual acuity (VA) at time of PLEX was count 

fingers (IQR, 20/200-hand motion) and median final VA was 20/25 (IQR, 20/20–20/60) with no 

differences among etiologies except MOGAD-ON which had better outcomes. In 81 (20.5%) ON 

attacks, the final VA was 20/200 or worse. Patients with poor outcomes were older (p=0.002), had 

worse VA at time of PLEX (p<0.001), and longer delay to PLEX (p<0.001).

In comparison with the ONTT subset with severe corticosteroid-unresponsive ON, a final VA of 

worse than 20/40 occurred in 6/50 (12%) PLEX-treated ON versus 6/18 (33%) from the ONTT 

treated with intravenous methylprednisolone without PLEX (p=0.04).

Conclusion: Most ON attacks improved with PLEX, and outcomes were better than attacks with 

similar severity in the ONTT. The presence of severe vision loss at nadir, older age, and longer 

delay to PLEX predicted a worse outcome while MOGAD-ON had a more favorable prognosis.

INTRODUCTION

Optic neuritis is the most common cause of acute/subacute vision loss in patients under 

the age of 50.1,2 The treatment of optic neuritis greatly varies depending on the severity of 

vision loss, etiology, and provider preference. The Optic Neuritis Treatment Trial (ONTT), 

a landmark randomized clinical trial comparing high dose intravenous methylprednisolone 

(IVMP), low dose oral prednisone, and placebo, demonstrated that high dose IVMP led 

to expedited recovery of vision, but did not change the final visual outcome of optic 

neuritis.3 The ONTT has largely shaped the treatment of optic neuritis, especially in the 

United States and Europe. However, since its completion in 1991, there have been some 

new advances and changes in practice patterns. First, there has been the identification 

of biomarkers for other causes of demyelinating disease beyond multiple sclerosis (MS), 

namely aquaporin-4 antibodies (AQP4-IgG) for neuromyelitis optica spectrum disorder 

(NMOSD) and myelin oligodendrocyte glycoprotein antibodies (MOG-IgG) for myelin 

oligodendrocyte glycoprotein antibody-associated disease (MOGAD), which have different 

prognoses and treatment than MS.4–6 In addition, there has been a movement toward 

more usage of plasma exchange (PLEX) for severe demyelinating attacks, including optic 

neuritis.2,7

Although optic neuritis was excluded from the most cited randomized clinical trial 

demonstrating that PLEX is effective for the treatment of severe demyelinating attacks that 

are unresponsive to corticosteroids,8 these findings have been extended to optic neuritis and 

many experts recommend PLEX for severe optic neuritis unresponsive to corticosteroids, 

especially in the setting of NMOSD.2,7 Retrospective studies have suggested PLEX is 

beneficial for the treatment of optic neuritis and that earlier treatment may provide superior 

outcomes.9–18 These retrospective studies were summarized in a 2022 meta-analysis, which 

concluded that PLEX was effective for optic neuritis, especially if given early.19 However, 

the majority of the prior studies were small (the largest study cohort was 48 patients). In 

addition, it is difficult to combine data in a meta-analysis because of varying inclusion 

criteria and outcome measures. The majority of prior studies included eyes that had prior 
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optic neuritis, which may influence the ability of the eye to recover in response to PLEX. 

Lastly, many of these studies were performed prior to the discovery of MOG and AQP4 

antibodies and therefore it is unclear how these diseases might have affected the outcomes of 

PLEX.

To better define the effect of PLEX in optic neuritis from a global perspective, we evaluated 

a large international multicenter cohort of patients with optic neuritis who received PLEX 

as acute treatment and evaluated for variables that may influence outcomes, including age, 

sex, time to treatment, and optic neuritis etiology. In addition, we compared these results to 

a subset of patients from the ONTT and propose a future randomized clinical trial on PLEX 

for optic neuritis.

METHODS

This was an international multicenter observational retrospective study of patients with optic 

neuritis who received PLEX as acute treatment. Patients were identified from 11 centers 

in 6 countries – France, Israel, New Zealand, Thailand, the United Kingdom, and the 

United States (Supplemental Table 1). The inclusion criteria were: 1) clinically documented 

history of optic neuritis; 2) treatment with PLEX; and 3) recorded visual acuity (VA) at 

time of PLEX and at least 3 months after PLEX treatment (unless the patient recovered to 

20/20 before this visit). Patients were excluded if PLEX could not be completed or was 

contraindicated.

The Mayo Clinic Institutional Review Board approved this study. For cases contributed from 

other medical centers, the pertinent institutional review boards approved the study with a 

waiver of informed consent due to the retrospective nature of the study. Data were shared 

in a de-identified manner with the lead site through Excel databases. The reporting of this 

research was done in accordance with the STROBE guidelines.

Patients with optic neuritis were divided into the etiologies of AQP4-IgG positive and 

seronegative NMOSD,20 MOGAD,21 MS,22 idiopathic, and other. Age, sex, VA at time of 

PLEX, time from symptom onset to PLEX, and etiology of optic neuritis were all evaluated 

for their influence on final VA.

Final VA after each attack was defined as the time point closest to 6–12 months to allow 

complete recovery, but minimize age-related causes of vision loss, such as cataracts. Attacks 

with VA outcomes less than 3 months after the PLEX treatment were excluded unless the 

patient recovered to 20/20 at a sooner visit. Attacks were also excluded if there was a 

recurrent optic neuritis prior to the recorded final VA outcome. The VA was obtained on 

standard Snellen VA charts (best corrected VA or, if unavailable, pinhole acuity) and the 

VA was converted to the Logarithm of the Minimum Angle of Resolution (logMAR) for 

analysis. LogMAR value for count fingers was 1.7, hand motion was 2.0, light perception 

was 2.3, and no light perception was 3.23,24 Time to PLEX treatment was defined as time 

from onset of vision loss to the first day of PLEX treatment. Outcomes were stratified 

as complete recovery back to 20/20, good recovery (20/40 or better), medium recovery 

(between 20/40 and 20/200), and poor recovery (20/200 or worse). These cutoffs were 
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focused on because the legal driving requirement is 20/40 or better, and legal blindness is 

defined as 20/200 or worse.

Outcomes were compared to raw data (6 months visual acuity) from the Optic Neuritis 

Treatment Trial (ONTT) using a subset of the ONTT and our cohort with similar age, 

severity, and timing of PLEX. A focus was done on severe optic neuritis with minimal 

improvement to IVMP, which was defined as 20/200 or worse with less than 3 line 

improvement or 2 lines if count fingers or worse. To best match the ONTT, which only 

included eyes without a prior history of optic neuritis, the primary analyses of the PLEX 

cohort was performed on eyes without a prior history of optic neuritis. A secondary analysis 

of eyes with a prior history of optic neuritis were compared to those without a prior history 

of optic neuritis to evaluate the impact of prior optic neuritis on outcomes.

Statistics

Given the study included attacks in both eyes from some individuals, all comparisons 

were completed by adjusting for the potential correlations between attacks from the same 

person using Generalized Estimating Equation (GEE) models. This included models with 

continuous factors, or categorical factors as the outcome of interest. A different type of GEE 

model was fit depending on the outcome of interest. When the outcome was continuous, the 

GEE model was fit with a normal distribution and an identity link function and a Pearson 

correlation coefficient to illustrate the magnitude of the relationship. However, the test for 

significance was based on the GEE model. For the binary outcomes in the VA groups, 

a binomial distribution with a logit link function was used. These models were fit both 

univariately and multivariately with each of the VA cutoffs as outcomes in the models. All 

analysis was completed using SAS version 9.4 (Cary, NC).

Data availability statement

Anonymized data used for this study are available upon reasonable request from the 

corresponding author.

RESULTS

A total of 475 optic neuritis attacks received PLEX among 376 patients who met inclusion 

criteria (Figure 1). The primary analyses were conducted in 317 patient (395 eyes) without 

a prior optic neuritis attack. Eleven of these were included an earlier report on PLEX for 

optic neuritis.9 Among the 317 patients with PLEX for optic neuritis in eyes without a 

prior history of optic neuritis, the median age at initiation of PLEX was 37 years (range, 

8.6–75.2) and 71% were female. Ethnicities included: White (69%), Black (14%), Asian 

(6.5%), Hispanic (6%), other ethnicities (5%).

Prior to or in conjunction with PLEX, 390 (99%) were treated with IVMP and 4 (1%) 

were treated with high dose oral prednisone. Only 1 attack was not treated previously or 

in conjunction with corticosteroids. Despite near universal treatment with corticosteroids, 

the median logMAR VA at the time of PLEX was 1.7 (Snellen equivalent of count fingers, 

IQR, 20/200-hand motion) (Figure 2). The median time to PLEX from onset of optic neuritis 

was 2.6 weeks (IQR, 1.4–4) and the median number of PLEX treatments was 5 (IQR, 5–7). 
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Only 1 patient (bilateral optic neuritis attack) was treated with concomitant intravenous 

immune globulin (IVIG) at the time of PLEX. This patient’s acuity improved from no light 

perception OU to count fingers and 20/400 after both PLEX and IVIG.

Overall, the median final logMAR VA after PLEX was 0.1 (Snellen equivalent of 20/25, 

IQR, 20/20–20/60), which was significantly improved compared to the median logMAR VA 

of 1.7 (count fingers) at the time of PLEX (p<0.001). One hundred sixty-nine eyes (43%) 

improved to 20/20 after PLEX (Figure 2). However, the final outcome was 20/200 or worse 

in 81 (20.5%) optic neuritis attacks and worse than 20/40 in 123 (31%).

Overall, PLEX treatments were well tolerated. Among the 395 PLEX treatments, 

documented side effects included 3 (1%) infections (all secondary to central line placement 

with 1 of these patients developing a secondary pulmonary embolism), 2 (0.5%) electrolyte 

abnormalities, 1 (0.3%) deep vein thrombosis, and 1 (0.3%) nausea and vomiting.

MOGAD optic neuritis was associated with better outcomes

The median final VA among the various etiologies was not significantly different except 

that MOGAD optic neuritis was associated with better outcomes (Table 1). MOGAD 

optic neuritis had a final median logMAR VA of 0 (Snellen equivalent of 20/20, IQR 

20/20–20/25) compared to a median of 0.176 (Snellen equivalent of 20/30, IQR 20/20–

20/400) for AQP4+NMOSD and seronegative NMOSD, and a median of 0.10 (Snellen 

equivalent of 20/25, IQR 20/20–20/150) for MS and idiopathic optic neuritis (p<0.001 for 

all comparisons). Only a single MOGAD optic neuritis attack had an outcome of 20/200 

or worse and this eye was treated 6 months after onset of vision loss and remained light 

perception despite treatment. In contrast, 23 (31%) patients with AQP4+NMOSD, 12 (35%) 

patients with seronegative NMOSD, 26 (24%) patients with MS, and 19 (23%) patients with 

idiopathic optic neuritis had a final outcome of 20/200 or worse (p<0.001).

There was no significant difference in outcomes between AQP4+NMOSD and MS and/or 

idiopathic optic neuritis for either the final median VA (p=0.30) or percentage of patients 

having an outcome of 20/200 or worse (p=0.23) or 20/40 or worse (p=0.85). There was 

also no significant difference between all cases of NMOSD (AQP4+ and seronegative 

combined) and MS and/or idiopathic optic neuritis for either the final median VA (p=0.28) 

or percentage of patients having an outcome of 20/200 or worse (p=0.11). These findings 

remained unchanged after accounting for age, sex, VA at nadir, and time to treatment with 

multivariate analysis despite some of these variables having an impact on outcomes.

Early PLEX treatment is associated with better outcomes

Time to PLEX treatment was correlated with outcomes with a Pearson correlation of 

0.27 (p<0.001). The probability of complete recovery (20/20) and good recovery (20/40 

or better) decreased with delay in PLEX treatment (p<0.05) (Figure 3). This remained 

significantly different with multivariate analysis that included age, sex, VA at nadir, and 

etiology (p<0.05).
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Predictors of poor outcome

In 81 (20.5%) optic neuritis attacks, the final VA was 20/200 or worse. Patients with 

poor outcomes of 20/200 or worse were older (p=0.002), had worse VA at time of PLEX 

(p<0.001), and longer delay to PLEX treatment (p<0.001) (Table 2). These remained 

significant with multivariate analysis that included age, gender, VA at nadir, time to 

treatment, and etiology.

Subgroup comparisons to the Optic Neuritis Treatment Trial

Within the ONTT, 156 patients (35% of the cohort) had a VA of 20/200 or worse at 

enrollment with 132 (85%) improving to 20/40 or better and only 10 (6%) having a final 

outcome of 20/200 or worse at 6 months (Table 3). In comparison, within our PLEX cohort 

of patients between ages 18–46 years without prior optic neuritis (same age and inclusion 

criteria as the ONTT), there were 30 attacks with a VA of 20/200 or worse treated with 

PLEX within 1 week, with 28 (93%) improving to 20/40 or better (p=0.21) (Figure 4) and 

only 1 (3%) having a final outcome of 20/200 or worse (p=0.51).

When comparing 70 ONTT patients with very severe vision loss (count fingers or worse) 

at enrollment to 21 patients in our PLEX cohort with the same age and severity of vision 

loss, there was a non-significant trend toward better outcomes in the PLEX cohort. In the 

ONTT, 21% had a final outcome of worse than 20/40 compared to 9.5% in the PLEX cohort 

(p=0.22), and 11% were 20/200 or worse compared to 5% in the PLEX cohort (p=0.37).

In comparing a matched PLEX subset (age-matched, PLEX treatment within 4–11 days, 

and VA of 20/200 or worse with minimal improvement prior to PLEX) to patients within 

the ONTT with corticosteroid-resistant optic neuritis (VA of 20/200 or worse with minimal 

improvement after 3 days of IVMP), a final VA of worse than 20/40 occurred in 6/50 (12%) 

PLEX treated optic neuritis versus 6/18 (33%) from the ONTT treated with IVMP without 

PLEX (p=0.04) (Figure 4). There was no significant difference in the percentage of patients 

who had an outcome of 20/200 or worse (3/18 (17%) in the ONTT vs 5/50 (10%) in the 

PLEX cohort (p=0.43).

Similar results were found when comparing an age-matched PLEX subset treated between 

2–3 weeks with patients in the ONTT who remained 20/200 at 2 weeks with minimal 

improvement despite treatment with IVMP. In the PLEX group, 18/63 (28%) had an 

outcome of worse than 20/40 compared to 7/11 (64%) within the ONTT (p=0.037), and 

11/63 (17%) had an outcome of 20/200 or worse compared to 3/11 (27%) in the ONTT 

(p=0.43).

In the ONTT, only 3 patients treated with IVMP remained 20/200 or worse at 1 month, all 

of whom had a final outcome of 20/200 or worse. In comparison to the PLEX cohort, among 

18 age-matched patients who were 20/200 or worse and treated with PLEX between 4–5 

weeks, 6 (33%) had a final outcome of 20/200 or worse (p=0.24), and 9 (50%) improved to 

20/40 or better (p=0.11).

There was no difference in these analyses when patients with both AQP4+ and seronegative 

NMOSD were excluded from the PLEX cohort.
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Secondary analysis on eyes with prior optic neuritis treated with plasma exchange

There were 80 optic neuritis attacks treated with PLEX in eyes that had a prior optic neuritis, 

which were not included in the analyses above. Among 76 eyes with a known VA after 

the prior attack, 39 (51%) improved back to the prior baseline after PLEX. An additional 

15 (20%) improved to within 3 lines of the prior baseline, while 22 (29%) attacks did not 

improve within 3 lines of the prior baseline. Overall, the median final logMAR VA after 

PLEX was 0.3 (Snellen equivalent of 20/40) among eyes that had a prior optic neuritis 

attack, which was significantly worse than the outcomes of eyes that did not have prior optic 

neuritis (median logMAR 0.1, Snellen equivalent 20/25) (p=0.002). However, among the 30 

eyes that had recovered to 20/25 or better at the time of the optic neuritis relapse that was 

treated with PLEX, there was no difference in final outcomes compared to eyes that did not 

have a prior optic neuritis (both median logMAR VA of 0.1) (p=0.90).

DISCUSSION

This large multicenter retrospective cohort of optic neuritis patients suggests that acute 

treatment with PLEX may lead to recovery of vision with better outcomes than attacks with 

similar severity in the ONTT. Severity of vision loss at nadir, older age, and longer delay 

to PLEX were associated with a worse outcome, while MOGAD had a favorable prognosis 

compared to other etiologies.

It is not surprising that the severity of vision loss at nadir influenced outcomes. This was 

shown in the ONTT, which found that corticosteroid treatment did not change outcomes, but 

poor vision at nadir was correlated with a worse outcome.3 It makes logical sense that worse 

vision at onset may not recover as well despite having a potentially effective treatment, such 

as PLEX. These findings make it important to control for severity of vision loss in any 

randomized clinical trial. This is also important to consider when comparing the outcomes 

of the ONTT to the PLEX cohort since PLEX is typically reserved for severe optic neuritis 

and therefore our PLEX cohort had more severe vision loss at nadir than the overall ONTT 

cohort.

Our study found that the visual outcomes after PLEX were worse in older patients, 

independent of etiology and timing to treatment. The median age of those with a poor 

outcome were over a decade older than those with better outcomes. While the ONTT did 

not find that age influenced outcomes, the trial was restricted to young adults between the 

ages of 18 and 46 years.3 Although not universal,25,26 the majority of retrospective studies 

on PLEX that included a broad range of ages, as in our cohort, also found that older age was 

associated with worse outcomes.9,11,16,27,28 This may be due to the reduced ability to repair 

and remyelinate at an older age.29

Among the etiologies of optic neuritis, MOGAD optic neuritis had a favorable prognosis 

despite having a similar severity of vision loss at nadir, age, and time to PLEX treatment. 

Retrospective studies looking at the outcomes of MOGAD optic neuritis, irrespective of 

PLEX treatment, have shown that MOGAD optic neuritis is associated with severe vision 

loss at nadir and better recovery than other etiologies of optic neuritis.30–39 The majority 

of MOGAD optic neuritis attacks improve with corticosteroids and some attacks improve 
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spontaneously without treatment.40,41 However, not all MOGAD optic neuritis attacks 

recover with most series reporting that 5–15% of MOGAD optic neuritis have an outcome 

of 20/200 or worse.30–36 In contrast, among the 92 MOGAD optic neuritis attacks treated 

with PLEX in our cohort, only 1 (1%) had an outcome of 20/200 or worse and this eye 

was treated 6 months after onset of vision loss and remained light perception despite PLEX 

treatment. The only reason this eye received PLEX was because the contralateral eye had 

recurrent optic neuritis to the level of count fingers, which did improve in response to PLEX 

to its baseline of 20/25. Therefore, despite the natural history of MOGAD optic neuritis 

being favorable, PLEX may have an additional beneficial impact because all attacks treated 

within 1 month significantly improved despite having a median nadir of count fingers at the 

time of PLEX treatment.

Interestingly, AQP4+NMOSD and seronegative NMOSD optic neuritis did not have 

significantly different outcomes from MS and idiopathic optic neuritis in our PLEX cohort, 

even after controlling for age, gender, severity of vision loss at nadir, and timing to PLEX 

treatment; this is consistent with a retrospective study by Deschamps et al.9 Multiple studies 

have shown that NMOSD optic neuritis is associated with worse outcomes than other 

etiologies, with over a third of attacks leading to a visual acuity of 20/200 or worse without 

PLEX treatment.42–48 In contrast, most studies, including the ONTT, suggest that only 

3% of MS-related optic neuritis has a final outcome of 20/200 or worse.3 The similar 

outcomes among NMOSD optic neuritis and MS/idiopathic optic neuritis treated with PLEX 

in our cohort suggest that PLEX may be effective for NMOSD, or alternatively, that PLEX 

may be less effective for MS-associated and idiopathic steroid-refractory optic neuritis. 

Many retrospective studies have suggested that PLEX treatment of acute attacks from 

NMOSD leads to better outcomes.13,16,19,27,28,49–51 Interestingly, a recent study by Fu et 

al. evaluating the outcome of 93 AQP4+NMOSD, 6 MOGAD, and 18 seronegative optic 

neuritis attacks found that PLEX led to an improvement in AQP4+NMOSD, mixed results 

for MOGAD, but no significant improvement in the seronegative optic neuritis cohort.52 

However, the suboptimal outcomes in our MS and seronegative idiopathic optic neuritis 

PLEX cohort are at least partly related to a biased selection of MS/idiopathic optic neuritis 

with severe vision loss that required PLEX treatment. We had an equal number of MS and 

NMOSD optic neuritis attacks despite MS being 25 to 50-fold more common than NMOSD 

in the western world,53–55 which highlights that PLEX is being used for a small subset of 

severe MS/idiopathic optic neuritis. In our cohort, the median time to PLEX treatment was 

2.6 weeks with a median visual acuity of count fingers for all etiologies, including MS and 

idiopathic, despite the vast majority receiving IVMP prior to PLEX. In the ONTT, only 4 

patients treated with IVMP remained count fingers at 2 weeks; all had suboptimal outcomes 

with 1 improving to 20/80 while the other 3 remained worse than 20/200.3 Therefore, 

the seemingly poor outcomes of PLEX for MS and idiopathic optic neuritis compared to 

the expected outcomes of these disease etiologies are greatly influenced by the selection 

of severe optic neuritis attacks that are refractory to corticosteroids. This highlights the 

importance of future randomized clinical trials stratifying the results by etiology, severity of 

vision loss, and timing to PLEX treatment.

In our PLEX cohort, delayed PLEX treatment was associated with worse outcomes, 

which was independent of age, severity of vision loss, and etiology. Multiple retrospective 
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studies have shown that earlier PLEX treatment for optic neuritis is associated with better 

outcomes.11,16,19,52,56 This observation was highlighted in a study by Bonnan et al, which 

found that time to PLEX treatment was the strongest predictor of outcomes in a NMOSD 

cohort.16 However, as a non-randomized trial, it is possible that patients late to PLEX were 

destined to do more poorly. For example, in the ONTT, among the 156 patients who had a 

VA of 20/200 or worse at enrollment, 85% improved to 20/40 or better, while only 3 patients 

remained 20/200 or worse at 1 month despite IVMP, all of whom had a final outcome of 

20/200 or worse. Therefore, the improved outcomes with early PLEX and worse outcomes 

with delayed PLEX may at least partially reflect the natural history of the disease. However, 

when an age- and time to treatment-matched subset of our PLEX cohort was compared 

to the ONTT cohort, the PLEX cohort had better outcomes suggesting that PLEX may be 

superior to IVMP alone. The exact mechanism of PLEX is unclear, but it is thought to 

provide benefit by rapid removal of plasma antibodies, immune complexes, and cytokines 

that are involved in demyelinating disease and inflammation.57 Prospective randomized 

clinical trials will be required to confirm the efficacy of PLEX in ON.

As expected and demonstrated in other studies, eyes with prior optic neuritis had worse 

overall outcomes after PLEX compared to eyes without prior optic neuritis.9,52 This may be 

because of two potential reasons. Firstly, damage from a prior optic neuritis attack may leave 

the optic nerve with less reserve to recover after a subsequent attack. Secondly, and perhaps 

most importantly, prior optic neuritis with residual visual loss cannot improve beyond the 

impaired baseline following a recurrent optic neuritis attack. Interestingly, within our PLEX 

cohort, eyes that had recovered to 20/25 or better who had recurrent optic neuritis treated 

with PLEX had identical outcomes as those without a prior optic neuritis attack. This 

finding can be used to help counsel patients with recurrent optic neuritis on the potential 

for recovery and suggests that a future randomized clinical trial on PLEX for optic neuritis 

can include eyes with prior optic neuritis as long as the patient had recovered from the prior 

optic neuritis attack.

When discussing treatment options, the extra costs of PLEX must also be included in 

the decision making. The standard PLEX treatment of 5 sessions is estimated to cost 

$4,638, which is less than half the cost of IVIG, but still almost 5-times as much as 

IVMP.58,59 However, if PLEX has a two-fold chance of preventing blindness in patients 

with optic neuritis that are unresponsive to IVMP as our study suggests, the benefit of 

PLEX would outweigh the added costs because studies have estimated that the annual 

cost of visual impairment is $15.900 per person, and $26,900 for blindness.60 Preventing 

visual impairment and blindness is especially important for optic neuritis because it most 

commonly affects young adults where the economic effects of vision loss can be present for 

decades.

The strength of this study was the large number of patients with optic neuritis in eyes 

without prior optic neuritis and the stratification of outcomes by etiology. Limitations of this 

study include its retrospective nature with the decision to treat with PLEX dependent on the 

individual physician. Concomitant acute treatments may also influence the potential efficacy 

of PLEX. However, all but one patient received high dose corticosteroids and only a single 

patient was treated with simultaneous IVIG. Because this was not a randomized clinical 
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trial, the effect of corticosteroids and the natural history of the disease could not be directly 

compared to the outcomes of PLEX treatment, although comparing to an age-matched 

subset of the ONTT did provide a comparison arm. Lastly, standardized ETDRS VA, low 

contrast VA, visual fields, and optical coherence tomography were not consistently available 

in these patients, so further stratified outcomes beyond standard high contrast VA were not 

possible.

Proposing a prospective randomized clinical trial of plasma exchange for optic neuritis

Current views of PLEX for optic neuritis are at a very similar juncture to the 1980s when 

the ONTT was first proposed to evaluate the efficacy of corticosteroids for the treatment 

of optic neuritis.61 At that time, there was a fairly strong belief that corticosteroids led to 

better outcomes for optic neuritis. The ONTT somewhat surprisingly found that IVMP led 

to faster recovery, but did not change the ultimate outcome.3 Many experts now believe 

that PLEX treatment of severe optic neuritis leads to better outcomes and the results of 

the study reported herein support this belief; however, this must be balanced against the 

natural history. There are many experts who recognize that the majority of optic neuritis 

will spontaneously recover without treatment and therefore would not recommend PLEX, 

especially for non-NMOSD related optic neuritis.7,62 Because of the equipoise of different 

expert opinion, there are compelling reasons to conduct a prospective randomized clinical 

trial for PLEX in optic neuritis.

As can be seen in this study, the timing of the PLEX randomization and intervention is 

important. The ONTT found that the vast majority of severe optic neuritis attacks (20/200 

or worse) will recover with 85% improving to 20/40 or better. When this was compared 

to our age-matched PLEX cohort treated within 1 week, which is equivalent to the time 

of enrollment into the ONTT, 93% improved to 20/40. Based on this difference, we would 

need to randomize 236 patients per group to have the statistical power (alpha = 0.05, power 

= 80%) to differentiate these treatments, which would be a difficult number of patients to 

enroll and would likely lead to the overtreatment of many patients given the fairly good 

natural history of the disease. While PLEX was well-tolerated in our cohort of patients, it 

still often requires central line placement, has the potential to cause serious side effects, and 

is more costly than IVMP.63

Severe corticosteroid-resistant optic neuritis may be the best cohort to evaluate in a 

randomized PLEX clinical trial. When we compared the subset of patients in the ONTT 

with severe optic neuritis and minimal response to IVMP to a matched PLEX subset, only 

67% improved to 20/40 or better in the ONTT compared to 88% in the PLEX cohort. A 

sample size of 58 patients per group would be required to detect a difference with 80% 

power for a two-sided test with alpha = 0.05. Therefore, a future multicenter randomized 

clinical trial could aim to randomize two groups, IVMP + PLEX vs IVMP + placebo, among 

patients with severe acute optic neuritis unresponsive to 3 days of IVMP. Recruiting 75 

patients per group would account for a 20% dropout rate and be able to evaluate the efficacy 

of PLEX in this patient population of corticosteroid-resistant optic neuritis. We believe this 

is the most appealing cohort to investigate because these patients raise the most debate in 

our current clinical practice. Most providers do not immediately start with PLEX and most 
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would offer PLEX in severe optic neuritis that remains poor after 2–4 weeks, but there is 

less consensus in patients within the first 1–2 weeks. The investigation of the efficacy of 

PLEX for severe optic neuritis unresponsive to 3 days of IVMP would have a large impact in 

influencing our practice patterns.

There has been a trend toward earlier PLEX for severe optic neuritis since retrospective 

publications such as Bonnan et al, have suggested that early PLEX treatment within several 

days leads to better outcomes.16 Therefore, another potential option for a PLEX optic 

neuritis treatment trial would be randomization of very severe vision loss (count fingers or 

worse) within 1 week of onset of symptoms. A sample size of 150 per group would be 

required to detect a difference with 80% power (two-sided alpha=0.05).

One of the largest remaining debates in maintaining equipoise is whether AQP4+NMOSD 

can be randomized to sham because the natural history of AQP4+NMOSD optic neuritis 

is poor. Some investigators may object to including AQP4+NMOSD optic neuritis in a 

randomized clinical trial; however, our data suggests no difference in outcomes between 

AQP4+NMOSD and the severe subset of MS/idiopathic optic neuritis that were treated 

with PLEX suggesting that we would have equipoise to include AQP4+NMOSD. Of note, 

there have been several successful randomized placebo controlled trials of immunotherapies 

for relapse prevention on NMOSD, which ledto new FDA-approved medications, such as 

inebilizumab, eculizumab, and satralizumab.64–66 While there was much debate on the 

ethical nature of placebo controlled trials in NMOSD, ultimately it was felt these trials 

in NMOSD were needed and met equipoise.67 While 100% consensus would unlikely be 

reached, a majority consensus among providers would guide the inclusion/exclusion of 

known AQP4+NMOSD patients in a future randomized clinical trial of PLEX for optic 

neuritis. Even if known AQP4+NMOSD patients were ultimately excluded, requiring AQP4-

IgG testing results before entry into a randomized trial for PLEX is unlikely warranted. In 

the ONTT, despite 1/3 of patients having a VA of 20/200 or worse at enrollment, there were 

no patients who were AQP4-IgG positive among the 177 samples that were still available to 

be tested,68 and therefore only a small percentage of patients enrolled who would ultimately 

be diagnosed with AQP4+NMOSD. In addition, it is not feasible to obtain AQP4-IgG for 

our proposed timing of randomization because it usually takes 1–2 weeks for AQP4-IgG 

testing results.

Randomization with more PLEX treatment than placebo at a 3:1 or 2:1 ratio may improve 

both physician and patient recruitment, although this would increase the number of 

participants needed to obtain the same statistical power. Including a crossover arm for 

non-responders is another consideration to maintain equipoise. Our study and several other 

retrospective studies suggest that PLEX treatment at 3–4 weeks still leads to improved 

outcomes compared to the natural history. Therefore patients not responding to 7 sessions 

of PLEX/placebo could potentially have an option of cross-over treatment, as was done 

with the prior randomized clinical trial demonstrating the efficacy of PLEX in the treatment 

of corticosteroid-resistant demyelinating attacks that excluded optic neuritis.8 However, 

delayed PLEX treatment could potentially remove a maintenance monoclonal antibody 

treatment, such as rituximab or ocrelizumab, and impair its effectiveness so this would have 

to be weighed in the decision making.
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CONCLUSION

This study suggests that PLEX may be associated with improved visual outcomes in acute 

optic neuritis. The presence of severe vision loss at nadir, older age, and longer delay to 

PLEX in our cohort predicted a worse outcome while MOGAD optic neuritis had a more 

favorable prognosis than other subgroups. These findings warrant further exploration and 

provide the backbone for a future prospective randomized clinical trial of PLEX treatment 

for optic neuritis.
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Figure 1: Flow chart of optic neuritis attacks treated with plasma exchange.
Abbreviations: plasma exchange (PLEX), optic neuritis (ON), neuromyelitis optica spectrum 

disorder (NMOSD), AQP4 (aquaporin-4), multiple sclerosis (MS). *Among the 2 patients 

that were excluded because of PLEX intolerance, one had numbness and vomiting and the 

other had mild dizziness and paresthesias who elected to not continue with treatment.
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Figure 2: Visual acuity at time of plasma exchange and final visual outcome.
Box and whisker plots showing the median visual acuity at the time of plasma exchange and 

the final visual acuity after plasma exchange. The box represents the 25–75% interquartile 

intervals and the whiskers cover the minimum and maximum range.
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Figure 3: Visual recovery is dependent on time to initiation of plasma exchange.
The probability of having complete recovery to 20/20 VA (green), good recovery (20/40 or 

better, yellow), medium recovery (between 20/40 and 20/200, orange), and poor recovery 

(20/200 or worse, red) is stratified based on time from optic neuritis onset to the initiation 

of plasma exchange (among the 395 optic neuritis attacks treated with plasma exchange 

without a prior optic neuritis attack).
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Figure 4: Comparison of Optic Neuritis Treatment Trial vs Plasma exchange.
The chance of final outcome of 20/40 or better is compared across different matched time 

points between the Optic Neuritis Treatment Trial (ONTT) (blue solid line) and the Plasma 

exchange (PLEX) (red dashed line) cohorts among eyes that were 20/200 or worse with 

minimal response to intravenous methylprednisolone (IVMP). * indicates a statistically 

significant difference.
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Table 1:

Breakdown of optic neuritis outcomes after plasma exchange based on etiology

Etiology Median Age 
(range)

Female % Median weeks to 
PLEX

Median VA at time 
of PLEX

Median Final VA % 20/200 
or worse

AQP4+NMOSD 
(n=75)

45.5 (16–75) 81% 3 (IQR, 2–4.4) 1.7 (CF) (IQR, 1–2) 0.18 (20/30) (IQR, 
0–1.3)

30.6%

MOGAD (n=92) 36 (11–72) 60% 2.3 (IQR, 1–3.6) 1.7 (CF) (IQR, 0.9–2) 0.00 (20/20) (IQR, 
0–0.1)

1%

Multiple sclerosis 
(n=108)

33.5 (16–65.2) 72% 2.9 (IQR, 1.8–4)
1.7 (CF) (IQR, 1–2)

0.10 (20/25) (IQR, 
0–0.8)

24%

Idiopathic (n=83) 39 (17–66) 61% 2 (IQR, 1.5–4.5)
1.7 (CF) (IQR, 1–2)

0.10 (20/25) (IQR, 
0–0.8)

23%

Abbreviations: plasma exchange (PLEX), visual acuity (VA), aquaporin-4 IgG positive neuromyelitis optica spectrum disorder (AQP4+NMOSD), 
myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD), interquartile (IQR)
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Table 2:

Factors associated with poor outcomes after plasma exchange

Better than 20/200 (n=316) 20/200 or worse (n=81) P-value

Female 72% 63% 0.12

White 68% 69% 0.84

Median Age (years) 35.0 (IQR 27–51) 46.1 (IQR 31–46.1) 0.002

Median visual acuity at time of plasma exchange Count fingers (IQR, 20/400-HM) LP (IQR, HM-LP) <0.001

Median weeks to plasma exchange 2.4 (IQR, 1.4–3.8) 3.3 (IQR, 2.3–3.5) <0.001

Abbreviations: hand motion (HM), light perception (LP), interquartile (IQR)
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Table 3:

Subset of the Optic Neuritis Treatment Trial that was compared to patients receiving plasma exchange

Subset of the ONTT Median Age 
(range)

Female % Median Final VA % 20/40 
or better

% 20/200 
or worse

20/200 or worse at enrollment (n=156) 31.1 (26–37) 77% 0 (20/20) (IQR, 0–0.1) 85% 6%

CF or worse at enrollment (n=70) 31.1 (26–36) 73% 0.00 (20/20) (IQR, 0–
0.2)

79% 11%

VA of 20/200 or worse with minimal 
improvement after 3 days of IVMP (n=18)

30.4 (26–30) 72% 0.10 (20/25) (IQR, 0–
0.1)

67% 17%

VA of 20/200 or worse with minimal 
improvement at 2 weeks after IVMP (n=11)

30.0 (26–38) 64% 0.44 (20/55) (IQR, 0.1–
1.0)

36% 27%

VA of 20/200 or worse with at 4 weeks after 
IVMP (n=3)

30.0 (28–36) 100% 1.7 (CF) (IQR, 1.6–1.8) 0% 100%

Abbreviations: Optic Neuritis Treatment Trial (ONTT), visual acuity (VA), intravenous methylprednisolone (IVMP), interquartile (IQR)
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