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Abstract

Acute optic neuritis treatment lacks standardized protocols. The value of oral prednisone

taper (OPT) following intravenous methylprednisolone (IVMP) on visual outcome parame-

ters in optic neuritis (ON) has never been explored. In the present retrospective study, we

investigated whether OPT after IVMP affects the structural and functional visual outcomes

of inaugural clinically isolated syndrome (CIS)- or multiple sclerosis (MS)-ON. Adult patients

with acute, inaugural, unilateral CIS- or MS-ON, treated with IVMP in Germany and Israel

were stratified into patients treated with IVMP alone—versus IVMP and OPT. Inclusion crite-

ria were age�18, CIS or MS diagnosis according to McDonald criteria 2017, available visual

acuity (VA) at nadir before treatment initiation and at follow-up�5 months, as well as a spec-

tral domain optic coherence tomography (OCT) data scan at follow-up. Exclusion criteria

included recurrent ON, concomitant ophthalmological comorbidities, optical coherence

tomography (OCT) of insufficient quality and ON-related escalation therapy after IVMP. The

structural outcome was defined as the average retinal nerve fiber layer (RNFL) difference

between the ON-affected and the unaffected eye, while the functional outcome was defined

as the final high-contrast best-corrected VA (HC-BCVA) at follow-up compared to nadir. The

comparative analysis was performed using linear regression analysis, adjusted for sex, age,
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and days-to-treatment. Fifty-one patients met the inclusion criteria (25% male). The mean

age was 33.9 (±10.23) years. Twenty-six patients (51%) received OPT following IVMP.

There was no difference in nadir HC-BCVA between the groups (0.39 No OPT; 0.49 With

OPT, P = 0.36). Adjusted linear regression analysis did not indicate an influence of OPT on

RNFL thickness or on HC-BCVA (beta coefficient for RNFL difference in percentages: 0.51,

95%-CI: [-4.58, 5.59], beta coefficient for logMAR: 0.11, 95%; CI [-0.12, 0.35] at follow-up.

In conclusion, the addition of OPT to IVMP did not affect RNFL thickness or the final VA in a

retrospective cohort of 51 patients with inaugural acute CIS- or MS-ON. The results of this

exploratory study are currently being re-examined in a large-scale, demographically diverse,

prospective study.

Introduction

Optic neuritis (ON) is an acute inflammatory demyelinating disorder of the optic nerve. ON is

a common symptom of clinically isolated syndrome (CIS) and multiple sclerosis (MS) [1].

Current treatment regimens for acute ON in CIS and MS are based on the landmark 1992

Optic Neuritis Treatment Trial (ONTT) [2]. This trial demonstrated that a 3-day course of

intravenous methylprednisolone (IVMP) with an additional course of oral prednisone with a

rapid taper (OPT) hastened recovery compared to either a course of 1mg/kg oral prednisone

with OPT or placebo. Since then, studies have confirmed that IVMP hastens visual recovery

after ON, without improving the final visual outcome [3]. Recent studies have questioned the

superiority of IVMP to a bioequivalent dose of oral prednisone treatment [4–7], yet the benefi-

cial effect of adding an OPT to IVMP has not been studied despite its widespread use. A retro-

spective study by Perumal et al. suggests that OPT following IVMP fails to improve disability

or speed of recovery from relapses in MS at 12 months follow-up [8]. Bazi [9] and Zeca [10]

performed two placebo-controlled trials showing that IVMP plus OPT was neither superior to

IVMP alone in treating non-ON MS relapses, nor in preventing adrenal insufficiency. How-

ever, the additional steroid dose with OPT was associated with more side effects [9, 10]. None

of these studies explored the effect of OPT after IVMP on visual outcomes following acute ON.

The aim of our study was to compare whether adding OPT after IVMP has a beneficial effect

compared to IVMP alone when treating acute ON in CIS and MS, using structural and func-

tional visual outcomes.

Methods

Patients

We performed a retrospective study of patients with acute ON associated with CIS or MS, fol-

lowed between 2011–2021 at two tertiary referral neuroimmunology centers in Germany and

Israel. Both studies adhered to the declaration of Helsinki and were approved by independent

medical ethical committees. The German cohort comprised patients who were enrolled in one

of two prospective, observational cohort studies (CIS study: ClinicalTrials.gov identifier:

NCT01371071, and VIMS study, EA1/182/10) at the Experimental and Clinical Research Cen-

ter (ECRC) at Charité –Universitätsmedizin Berlin, Germany. The Israeli cohort included

patients who were followed by the neuro-ophthalmology and neuroimmunology clinics at

Rabin Medical Center, Israel. The study protocol was approved by the Rabin Medical Center

Institutional Review Board, with a waiver of informed consent due to the retrospective nature

of the study (Helsinki Committee, No. 0152–22).
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Inclusion criteria were age�18, diagnosis of a first-ever episode of unilateral acute ON and

a subsequent diagnosis of CIS or MS, treatment with IVMP, complete ophthalmological

assessment including available high-contrast best corrected visual acuity (HC-BCVA) at nadir

before treatment initiation and at follow-up�5 months, as well as a spectral domain optic

coherence tomography (OCT) data scan at follow-up. CIS and MS patients were diagnosed

according to the 2017 McDonald diagnostic criteria [11]. Myelin oligodendrocyte glycoprotein

(MOG)- and aquaporin-4 (AQP4)-IgG status was tested in patients with atypical ON presenta-

tion as it has previously been recommended and emphasized by the International MOGAD

Panel proposed criteria [12]. All patients had a confirmed diagnosis of ON [1]. Diagnostic

parameters included: a history of painful vision loss, a relative afferent pupil defect in the

affected eye, a visual field defect consistent with the diagnosis of ON and a fundus examination

showing normal or mild optic disc swelling with ophthalmoscopy with paraclinical biomarker

confirmation (visual evoked potentials (VEP) and/or magnetic resonance imaging (MRI) of

the brain and optic nerves). Exclusion criteria consisted of a diagnosis of neuromyelitis optica

spectrum disorder (NMOSD) or MOG-IgG associated disease (MOGAD), recurrent ON

occurring between the inaugural event and follow-up, ophthalmologic comorbidities poten-

tially affecting the OCT, insufficient OCT quality (based on the OSCAR-IB criteria [13], avail-

ability of only time-domain OCTs, and treatment with acute ON escalation therapy (including

second dose of IVMP, intravenous immunoglobulins (IVIG) and/or plasma exchange)).

Data recorded at nadir were biological sex, age at onset, HC-BCVA (documented as log-

MAR equivalent), time- lapse from symptoms onset to the beginning of IVMP, and acute ste-

roid regimen. Data collected at follow-up included HC-BCVA and OCT parameters (i.e.,

average retinal nerve fiber layer (RNFL) thickness (measured in microns) for both the affected

and unaffected eye).

Visual acuity measurement

HC-BCVA was measured during the acute phase of ON at nadir before treatment within the

hospital setting, as part of the clinical routine. HC-BCVA was examined by trained ophthal-

mologists using Early Treatment Diabetic Retinopathy Study (EDTRS) charts and given as a

decimal value, which was converted into a Logarithm of the Minimal Angle of Resolution (Log-

MAR) units. At follow-up, HC-BCVA was performed at the ECRC, Berlin, using EDTRS

charts and converted into LogMAR units. For the Israeli cohort, HC-BCVA was measured by

trained ophthalmologists using Snellen charts and converted into LogMAR units.

Optical coherence tomography

OCT was carried out for the affected and unaffected eyes for all patients at follow-up. In the

German cohort, OCT was performed using the Heidelberg Spectralis OCT in the N-Site mod-

ule. In the Israeli cohort, OCT was performed using the Cirrus HD-OCT (Model 4000, Soft-

ware V.6.0; Carl Zeiss Meditec), using the Optic Disc 200 × 200 protocol to obtain the average

RNFL thickness. At both centers, OCT measurements were carried out by certified ophthalmic

technicians. Scans were obtained using a single device, in dim room light, with the patient’s

pupils dilated. OCT results are reported in accordance with the APOSTEL 2.0 guidelines [14].

Study outcome

For analysis, patients were stratified into two groups: those who received IVMP alone (No

OPT) compared to patients who received OPT after IVMP treatment (With OPT). Two out-

comes were selected for this study; the average RNFL thickness of the affected eye compared to
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that of the unaffected eye (in percentages), and the HC-BCVA at final follow-up (absolute

value and difference from HC-BCVA at presentation).

Statistics

Descriptive demographic data was analyzed using summary statistics (mean and standard

deviation for normally distributed variables, median, first and third quartiles for non-normally

distributed variables as well as the absolute and relative frequencies for categorical variables).

Patient characteristics were compared using two-sided t-tests for metric data as well as chi-

square-tests for categorical data.

To investigate the effect of OPT on RNFL values between the unaffected eye and the

affected eye in percentages, a linear regression analysis was conducted, adjusted for sex, age at

ON onset, and time from visual loss to treatment (in days). To analyze the impact of OPT on

LogMAR differences between nadir and follow-up in the affected eye, a second linear regres-

sion analysis was performed, using the same set of predictor variables. Due to the exploratory

nature of the study, no adjustment for multiplicity was conducted. Therefore, p-values and

confidence intervals are interpreted in an exploratory, hypothesis-generating manner.

We performed an a-priori power analysis to determine the required sample size for our

study. We anticipated that the standard deviation of the RNFL differences, measured as a per-

centage, would be approximately 9%. We considered a clinical significance threshold of an 8%

difference in RNFL values. To detect this difference with a two-sample, two-sided t-test at a

significance level (alpha) of 5% and a desired statistical power of 80%, we calculated that we

would need approximately 21 patients in each group.

Results

Patients and demographics

We identified 162 patients with first-ever acute ON who were subsequently diagnosed with

CIS or MS (see Fig 1). One-hundred and eleven patients had to be excluded due to bilateral

ON (n = 3), absence of IVMP-treatment (n = 17), additional second-line treatment (n = 22),

severe ophthalmologic comorbidities (n = 8), optic neuritis relapse between baseline and fol-

low-up (n = 1) or an incomplete dataset (n = 60).

In total, 51 patients met our inclusion criteria. The mean age at onset was 33.96 years

(±10.23). Thirteen subjects (25.5%) were males. Mean follow up time was 323 [±107] days.

Patients were stratified according to whether they received OPT after IVMP treatment (No

OPT n = 25; With OPT n = 26) with a mean age at onset of 31.44 [±8.36] and 36.38 [±11.39]

years in each group, respectively (P = 0.08). Clinical and demographic characteristics are sum-

marized in Table 1.

Treatment outcomes

At follow-up of at least 5 months after onset, both groups demonstrated lower RNFL thickness

in the affected eye compared to the unaffected eye (No OPT 88.81% ±8.26 vs. With OPT

89.29% ±9.63) (see Table 2 and Fig 2A). However, there was no RNFL difference between the

groups (b = 0.51, 95% CI: [-4.58–5.59] p = 0.842) (see Table 3).

HC-BCVA of the affected eye at nadir was similar in patients treated with either IVMP

alone and in patients treated with OPT following IVMP (0.39 ±0.34 logMAR vs. 0.49 ±0.45

logMAR respectively, p<0.36) (see Table 2 and Fig 2B). As an indicator for recovery of visual

acuity over time, we compared HC-BCVA between the affected and the unaffected eye at fol-

low-up. In all 51 patients, HC-BCVA of the affected eye recovered to nearly match the
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HC-BCVA of the unaffected eye (total mean -0.01 [SD +-0.05] logMAR; No OPT mean -0.02

[SD +-0.06] logMAR; With OPT mean -0.00 [SD +-0.03] logMAR). OPT did not affect the

recovery of VA compared to patients who did not receive a prednisone taper (b = 0.11, 95%CI:

[-0.12–0.35] p = 0.332) (see Table 4).

Age at onset did not have an impact on RNFL thickness (b = -0.19, 95% CI: [-0.44, 0.06],

p = 0.129) or on HC-BCVA recovery (b = 0.00, 95% CI [-0.01–0.01], p = 0.774). Male sex was

the only parameter associated with a worse outcome in terms of RNFL thickness (b = -6.08,

95% CI: [-11.78, -0.39], p = 0.037) but not for HC-BCVA outcome (See Tables 3 and 4).

Discussion

Our study is the first to analyze the effect of OPT following IVMP on RNFL and visual acuity

in CIS- and MS-related inaugural ON events. In our study, the use of OPT following IVMP

did not have an additive effect on RNFL thickness when compared to IVMP alone. Further-

more, VA at follow-up was similar in both treatment groups.

Fig 1. Flow chart. Study flowchart. CIS: clinical isolated syndrome; f/u: follow-up; IVMP: intravenous

methylprednisolone; MS: multiple sclerosis; OCT: optical coherence tomography; ON: optic neuritis; VA: visual acuity.

https://doi.org/10.1371/journal.pone.0288366.g001

Table 1. Demographic and clinical data for patients with optic neuritis.

Total No OPT With OPT p value

Number of patients (N) 51 25 26

Sex [male; %] [13; 25.5] [8; 32] [5; 19] 0.469

Age at ON onset in years (mean; [SD]) 33.96 [10.23] 31.44 [8.36] 36.38 [11.39] 0.084

Median dose of IVMP in mg (median; [IQR]) 5000 [4500, 5000] 5000 [4000, 5000] 5000 [5000, 5000] 0.484

Days from presentation to treatment [SD]) 9.47 [13.98] 8.40 [6.80] 10.50 [18.55] 0.597

Days from nadir to follow-up [SD]) 323.94 [107.17] 350.28 [112.40] 298.62 [97.37] 0.085

Patients with ON treated without OPT vs. patients treated with IVMP followed by OPT. IQR: Interquartile range; IVMP: intravenous methylprednisolone; N: number;

ON: optic neuritis; OPT: oral prednisone taper; SD: Standard Deviation. Accumulative dose of IVMP, given in mg.

https://doi.org/10.1371/journal.pone.0288366.t001
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There is limited information comparing the optimal regimen of corticosteroids for the

treatment of MS attacks [15–18]. Since the ONTT study, OPT following IVMP became com-

mon practice, although the additional oral taper was not compared to IVMP alone [2]. Our

results complement two previous prospective, placebo-controlled studies and a retrospective

study which demonstrated that OPT following IVMP does not improve final clinical outcome

in non-ON MS relapses compared to IVMP alone [8–10]. In our study, we chose not to com-

pare the expanded disability status scale (EDSS) but rather RNFL thickness, since RNFL thick-

ness as an outcome is potentially more sensitive in detecting changes over time than the EDSS

which is a composite of numerous functional outcomes, and thus more prone to averaging

artefacts.

Furthermore, MS-ON has excellent visual outcomes, with over 90% of patients recovering

an HC-BCVA of 20/40 or better [2, 19]. Thus, HC-BCVA alone is an insufficient indicator of

residual deficits after ON. We expect that low-contrast BCVA (LC-BCVA) may prove a better

functional outcome measure of similar future prospective studies [20].

The increasing use of OCT in the diagnosis and follow up of ON patients has shown that

most individuals with ON sustain neuroaxonal damage despite full recovery of HC-BCVA

[21–24]. Raising awareness of frequent ON-related retinal damage makes the RNFL thickness

a good outcome parameter for clinical trials [25, 26]. The RENEW study demonstrated that

retinal thinning occurred shortly after ON onset [27]. Furthermore, several studies have

shown that using the inter-ocular difference in RNFL thickness for assessing retinal damage,

as has been done in our study, is a more sensitive approach in inaugural ON patients [21, 28–

30]. P100 on VEP may offer a sensitive measurement as emphasized in the RENEW study

[27], unfortunately most of our patients did not undergo VEP during the acute phase.

Our study results highlight an important shortcoming of using the inter-ocular difference

in RNFL thickness as a major outcome in MS studies. In our cohort, the RNFL of the unaf-

fected eyes of patients receiving OPT seemed to be thinner than those not receiving OPT as a

consequence of outlier results from two patients with thin RNFL in their clinically unaffected

Table 2. Visual acuity and retinal nerve fiber layer characteristics at nadir and follow-up.

Total No OPT With OPT p value

HC-BCVA affected eye at nadir (mean; [SD]) 0.44 (0.40) 0.39 [0.34] 0.49 [0.45] 0.360

HC-BCVA unaffected eye at nadir (mean; [SD]) 0.01 (0.02) 0.01 (0.2) 0.01 (0.03) 1.00

HC-BCVA affected eye at follow-up (mean; [SD]) 0.02 (0.05) 0.03 [0.06] 0.01 [0.03] 0.121

HC-BCVA unaffected eye at follow-up (mean; [SD]) 0.01 (0.03) 0.01 [0.02] 0.01 [0.03] 0.276

HC-BCVA difference affected eye follow-up-nadir (mean;

[SD])

0.43 (0.40) 0.37 (0.34) 0.49 (0.44) 0.326

HC-BCVA difference unaffected eye follow-up-nadir (mean;

[SD])

0.00 (0.03) 0.00 (0.03) 0.00 (0.03) 0.389

HC-BVA difference affected to unaffected eye at follow-up

(mean; [SD])

0.01 (0.05) 0.02 (0.06) 0.00 (0.03) 0.335

RNFL affected eye at follow-up (mean; [SD]) 86.00

(15.03)

89.48 [15.63] 82.65

[13.90]

0.105

RNFL unaffected eye at follow-up (mean; [SD]) 96.57

(13.71)

100.48

[12.91]

92.81

[13.64]

0.045

RNFL difference (mean; [SD]) 10.57 (8.68) 11.00 [8.03] 10.15 [9.41] 0.732

RNFL difference in percentage (mean %; [SD]) 89.05 (8.89) 88.81 [8.26] 89.29 [9.63] 0.850

Patients with ON treated without OPT (No OCT) vs. patients treated with IVMP followed by OPT (With OCT).

HC-BCVA: High contrast best corrected visual acuity in LogMAR. OPT: oral prednisone taper. RNFL: retinal nerve

fiber layer thickness in μm measured using optical coherence tomography (OCT); SD: Standard Deviation.

https://doi.org/10.1371/journal.pone.0288366.t002
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eye despite detailed data showing these patients did not subjectively experience or recall a

prior event. The inter-ocular difference relies heavily on two assumptions; 1) that all ON

events are clinically noticed and recalled by the patient, and 2) that the unaffected eye under-

goes little to no RNFL thinning as part of the disease. We know well that both these

Fig 2. The distribution of average retinal nerve fiber layer (RNFL) thickness (2a) and high-contrast best -corrected acuity (HC-BCVA) (2b) in patients

with CIS- or MS optic neuritis. 2a: the average RNFL thickness of the affected eye compared to that of the unaffected eye (in %), and 2b: the HC-BCVA in

LogMAR at final follow-up (difference from nadir). Left boxplots, red: patients treated with intravenous methylprednisolone without oral prednisone taper (No

OPT). Right box plots, blue: patients treated with intravenous methylprednisolone with oral prednisone taper (With OPT). Box plot details: thick horizontal

bar: median Box: interquartile range (25%–75%) Whiskers: range. Dots: outliers (data>1.5 times the interquartile range off the box). The violin plot in the

background visualizes a smoothened density estimate.

https://doi.org/10.1371/journal.pone.0288366.g002
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assumptions have been disproven. Many ON events are clinically silent [31, 32] and a process

of progressive RNFL thinning in MS without attacks has been demonstrated [31]. Indeed,

Davion et al. [33] reported that MRI can detect optic nerve lesions in half of non-ON eyes in

subjects with MS and suggested that this finding corresponds to the majority of cases with reti-

nal neuroaxonal loss in clinically non-ON eyes. In our study, the RNFL of the unaffected eyes

of patients receiving OPT seemed to be thinner than those not receiving OPT. This signifi-

cance is a result of outlier results from two patients with thin RNFL in their clinically unaf-

fected eye despite detailed data showing these patients did not subjectively experience or recall

a prior event.

Previous MS studies have shown that male patients tend to have worse clinical outcomes,

faster disease progression and higher burden of destructive lesions on MRI studies relative to

female patients [34, 35]. In the current study, male sex was associated with reduced RNFL

regardless of treatment regimen. Our results are in line with recent reports demonstrating sex

difference in RNFL after acute ON [36]. OPT following IVMP treatment is associated with

more side effects such as increased appetite, weight gain, mood disorder, and hyperglycemia

[9, 10]. Although hypothalamic-pituitary axis inhibition was not evaluated in our study, it has

already been shown that abrupt discontinuation of high-dose IVMP does not suppress the

pituitary-hypothalamic axis in patients with MS relapses [10, 37]. Thus, there is no physiologi-

cal need for an oral prednisone taper.

There are several limitations of this study. These include the relatively small sample size

and the retrospective design of the study. The lack of randomization is another limitation that

merits special consideration, because it may represent a bias to treat relatively more severe ON

with OPT. However, HC-BCVA at nadir did not differ between the two groups, suggesting no

severity bias towards the group of ON patients receiving OPT. The similarity in nadir and final

Table 3. Linear regression model analysis for the retinal nerve fiber layer in the optic neuritis-affected eye compared to the unaffected eye (in %).

RNFL in percentage

Predictors regression coefficient b 95%-Confidence interval p value

(Intercept) 96.22 87.36–105.08 <0.001

Gender [Male] -6.09 -11.78 –-0.39 0.037

Age at ON-Onset -0.19 -0.44–0.06 0.129

Time to treatment 0.07 -0.11–0.25 0.435

OPT 0.51 -4.58–5.59 0.842

Observations n = 51. R2/R2 adjusted 0.129/0.053. OCT: optical coherence tomography. ON: Optic neuritis. OPT: Oral prednisone tapering. RNFL: retinal nerve fiber

layer.

https://doi.org/10.1371/journal.pone.0288366.t003

Table 4. Linear regression model of visual acuity differences of affected eye from nadir to follow-up.

HC-BCVA difference

Predictors regression coefficient b 95%-Confidence interval p value

(Intercept) 0.51 0.09–0.92 0.018

Gender [Male] -0.10 -0.36–0.16 0.454

Age at ON Onset -0.00 -0.01–0.01 0.774

Time to treatment -0.01 -0.01–0.00 0.205

OPT 0.11 -0.12–0.35 0.332

Observations n = 51. R2/R2 adjusted 0.073/-0.010. HC-BCVA: high-contrast best corrected visual acuity, documented as logMAR equivalent. ON: Optic neuritis. OPT:

Oral prednisone tapering.

https://doi.org/10.1371/journal.pone.0288366.t004
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HC-BCVA between the patients treated with OPT following IVMP and those treated with

IVMP alone suggests that a lack of randomization did not affect the clinical outcome. More-

over, HC-BCVA alone is an insufficient indicator of residual deficits after ON. Another limita-

tion is that we compared RNFL thickness between the affected and the unaffected eye at

follow-up and not to RNFL at baseline as previously discussed. Last, we only included CIS-

and MS-ON in the study, since MOG-IgG-and NMOSD-related ON should be treated differ-

ently, and steroid tapering is important to avoid ON relapses in antibody-mediated ON.

Conclusions

Our exploratory study suggests that there is no benefit to structural or visual outcomes when

adding oral prednisone taper to IVMP in patients with acute CIS—and MS-related ON. We

are currently enrolling patients in a larger prospective study to validate our results using

LC-BCVA, VEP, MRI and OCT with the aim to prevent unnecessary steroid use and related

side effects [38].

Acknowledgments

We thank the administrative office of the Neuroscience Clinical Research Center (NCRC), and
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18. Miller DM, Weinstock-Guttman B, Béthoux F, Lee JC, Beck G, Block V, et al. A meta-analysis of methyl-

prednisolone in recovery from multiple sclerosis exacerbations. Mult Scler. 2000; 6(4):267–73. https://

doi.org/10.1177/135245850000600408 PMID: 10962547.

19. Galetta SL, Villoslada P, Levin N, Shindler K, Ishikawa H, Parr E, et al. Acute optic neuritis: Unmet clini-

cal needs and model for new therapies. Neurol Neuroimmunol Neuroinflamm. 2015; 2(4):e135. Epub

20150723. https://doi.org/10.1212/NXI.0000000000000135 PMID: 26236761; PubMed Central

PMCID: PMC4516397.

20. Balcer LJ, Balk LJ, Brandt AU, Calabresi PA, Martinez-Lapiscina EH, Nolan RC, et al. The International

Multiple Sclerosis Visual System Consortium: Advancing Visual System Research in Multiple Sclerosis.

J Neuroophthalmol. 2018; 38(4):494–501. https://doi.org/10.1097/WNO.0000000000000732 PMID:

30418332; PubMed Central PMCID: PMC8898562.

PLOS ONE Effectiveness of oral prednisone tapering following IVMP for optic neuritis

PLOS ONE | https://doi.org/10.1371/journal.pone.0288366 December 7, 2023 10 / 11

https://doi.org/10.1007/s004150070172
http://www.ncbi.nlm.nih.gov/pubmed/10929272
https://doi.org/10.1002/14651858.CD006921.pub3
http://www.ncbi.nlm.nih.gov/pubmed/23235634
https://doi.org/10.1016/S0140-6736%2815%2961137-0
http://www.ncbi.nlm.nih.gov/pubmed/26135706
https://doi.org/10.1001/jamaneurol.2018.0024
http://www.ncbi.nlm.nih.gov/pubmed/29507942
https://doi.org/10.1212/wnl.52.7.1479
https://doi.org/10.1212/wnl.52.7.1479
http://www.ncbi.nlm.nih.gov/pubmed/10227638
https://doi.org/10.1111/j.1468-1331.2008.02146.x
http://www.ncbi.nlm.nih.gov/pubmed/18459972
https://doi.org/10.1016/j.msard.2020.102640
http://www.ncbi.nlm.nih.gov/pubmed/33310419
https://doi.org/10.1016/j.msard.2021.102867
http://www.ncbi.nlm.nih.gov/pubmed/33677411
https://doi.org/10.1016/S1474-4422%2817%2930470-2
http://www.ncbi.nlm.nih.gov/pubmed/29275977
https://doi.org/10.1016/S1474-4422%2822%2900431-8
http://www.ncbi.nlm.nih.gov/pubmed/36706773
https://doi.org/10.1177/1352458514538110
http://www.ncbi.nlm.nih.gov/pubmed/24948688
https://doi.org/10.1212/WNL.0000000000012125
http://www.ncbi.nlm.nih.gov/pubmed/33910937
https://doi.org/10.1002/14651858.CD001430.pub4
http://www.ncbi.nlm.nih.gov/pubmed/26273799
https://doi.org/10.1016/B978-0-444-52001-2.00020-0
http://www.ncbi.nlm.nih.gov/pubmed/24507531
https://doi.org/10.1097/ICU.0000000000000197
http://www.ncbi.nlm.nih.gov/pubmed/26367086
https://doi.org/10.1177/135245850000600408
https://doi.org/10.1177/135245850000600408
http://www.ncbi.nlm.nih.gov/pubmed/10962547
https://doi.org/10.1212/NXI.0000000000000135
http://www.ncbi.nlm.nih.gov/pubmed/26236761
https://doi.org/10.1097/WNO.0000000000000732
http://www.ncbi.nlm.nih.gov/pubmed/30418332
https://doi.org/10.1371/journal.pone.0288366


21. Brandt AU, Specovius S, Oberwahrenbrock T, Zimmermann HG, Paul F, Costello F. Frequent retinal

ganglion cell damage after acute optic neuritis. Mult Scler Relat Disord. 2018; 22:141–7. Epub

20180409. https://doi.org/10.1016/j.msard.2018.04.006 PMID: 29704802.

22. Petzold A, Wattjes MP, Costello F, Flores-Rivera J, Fraser CL, Fujihara K, et al. The investigation of

acute optic neuritis: a review and proposed protocol. Nat Rev Neurol. 2014; 10(8):447–58. Epub

20140708. https://doi.org/10.1038/nrneurol.2014.108 PMID: 25002105.

23. Soelberg K, Specovius S, Zimmermann HG, Grauslund J, Mehlsen JJ, Olesen C, et al. Optical coher-

ence tomography in acute optic neuritis: A population-based study. Acta Neurol Scand. 2018; 138

(6):566–73. Epub 20180814. https://doi.org/10.1111/ane.13004 PMID: 30109704.

24. Zimmermann H, Oberwahrenbrock T, Brandt AU, Paul F, Dörr J. Optical coherence tomography for reti-
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