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Purpose: To evaluate the initial treatment response to low doses of prednisolone, compared

with moderate doses, in ocular myasthenia gravis (OMG).

Patients and Methods: A retrospective chart review of patients with adult-onset (age

≥15 years old) OMG, who were treated with prednisolone, was conducted. Subjects were

divided into two groups according to their prednisolone dosing regimen. The low-dose group

was defined as those with an average 12-week cumulative dose of prednisolone <0.435 mg/

kg/day and the moderate-dose group averaged 0.435–1.000 mg/kg/day. The primary outcome

of interest was the comparison of clinical response to prednisolone at 12 weeks between the

low-dose and moderate-dose groups. The secondary outcome was the difference in adverse

events between treatment groups.

Results: Of 34 subjects, 16 subjects (47.1%) were male. The mean age at onset was 44.0

±18.1 years. The most common presenting ocular feature was ptosis with ophthalmoplegia

(22 subjects, 64.7%), followed by isolated ptosis (nine subjects, 26.5%) and isolated

ophthalmoplegia (three subjects, 8.8%). Half of the subjects were treated with low-dose

prednisolone and the other half were treated with moderate-dose prednisolone. There were

no substantial differences in baseline characteristics between treatment groups. After 12

weeks of treatment, nine of 17 subjects (52.9%) and 13 of 17 subjects (76.5%) in the low-

and moderate-dose groups, respectively, were regarded as responsive to the prednisolone

treatment (P=0.28). Adverse events were exclusively observed in the moderate-dose group.

Conclusion: Treatment of OMG with an average 12-week cumulative dose of prednisolone

<0.435 mg/kg/day (low dose) shows a comparable responsive outcome to 0.435–1.000 mg/

kg/day of prednisolone (moderate dose). Treating OMG with low-dose prednisolone can

minimize prednisolone-related adverse events. However, a prospective randomized con-

trolled trial with a larger study population is warranted in order to gain more insight into

the proper dosage of prednisolone for OMG.

Keywords: ocular myasthenia gravis, low dose, moderate dose, prednisolone, treatment

outcome

Introduction
Myasthenia gravis (MG) is an autoimmune disease with autoantibodies against the

acetylcholine receptor, muscle-specific kinase (MUSK), lipoprotein-related protein

4 (LRP4) or agrin in the postsynaptic membrane of the neuromuscular junction.1

Clinical presentation depends on the muscles involved, but the hallmark of MG is

fluctuation between normal function and muscle weakness, which worsens over the
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course of prolonged muscular activity. Ocular myasthenia

gravis (OMG) is a subgroup of this disease, in which

weakness is restricted to the ocular muscles (levator pal-

pebrae superioris, orbicularis oculi and extraocular mus-

cles), whereas in generalized myasthenia gravis (GMG),

weakness manifests in muscles other than the ocular mus-

cles. Overall, 60% of MG patients have some ocular

muscle involvement at presentation and OMG accounts

for 20% of all MG cases.2–5 Twenty percent of OMG

patients convert to GMG and 70% of the conversions

occur within 2 years after onset.6

Pyridostigmine—an acetylcholinesterase inhibitor—

increases the acetylcholine level in neuromuscular junc-

tions after stimulation, which results in a reduction in

muscle weakness; it is the preferred symptomatic

treatment.7 For patients who do not adequately respond

to this symptomatic therapy, immunosuppressive drugs are

the treatment modality of choice.

Prednisolone is the first-line medication used for bridging

therapy; that is, before other immunosuppressants (metho-

trexate, azathioprine and mycophenolate mofetil) reach

levels sufficient for their therapeutic effects. Prior observa-

tional studies suggest that prednisolone treatment achieves

clinical improvement and reduces the risk of developing

GMG.8 The dosing regimens of oral prednisolone vary

among studies; the standard dosing regimen of prednisolone

has not been established because well-controlled studies are

sparse. In one review, prednisolone was started at a relatively

low dose of 20 mg/day, then increased by 5–10 mg/day every

3 days until symptoms resolved.2 Another study started

Table 1 Definitions of Treatment Responses

Treatment Response Ptosis Ophthalmoplegia

Responsive

Complete remission No ptosis without treatment No ophthalmoplegia without treatment

Major improvement No ptosis with treatment No ophthalmoplegia with treatment

Minor improvement Some decrease in ptosis with treatment Some decrease in ophthalmoplegia with treatment

Non-responsive

No response or deterioration Stable or worsened ptosis with treatment Stable or worsened ophthalmoplegia with treatment

Table 2 Comparison of Patient Characteristics Between the Low-Dose and Moderate-Dose Groups

Patient Characteristics Low Dose Moderate Dose

(N=17) (N=17)

Age of onset (years), mean (range) 50.1 (16–81) 37.9 (15–76)

Gender, male, n (%) 10 (58.8) 6 (35.3)

Presenting clinical features, n (%)

– Ptosis 6/17 (35.3) 3/17 (17.6)

– Ophthalmoplegia 1/17 (5.9) 2/17 (11.8)

– Ptosis with ophthalmoplegia 10/17 (58.8) 12/17 (70.6)

AChR Ab positive, n (%) 3/14 (21.4) 4/13 (30.8)

Electromyography, n (%)

– RNS positive 2/10 (20.0) 1/9 (11.1)

– SFEMG positive 9/9 (100.0) 7/8 (87.5)

Edrophonium test positive, n (%) 8/9 (88.9) 6/8 (75.0)

Ice-pack test positive, n (%) 8/10 (80.0) 6/9 (66.7)

Abnormal thyroid function test, n (%) 6/16 (37.5) 6/17 (35.3)

Presence of thymoma/thymic hyperplasia, n (%) 0/9 (0.0) 4/15 (26.7)

Abbreviations: AChR Ab, acetylcholine receptor antibody; RNS, repetitive nerve stimulation; SFEMG, single-fiber electromyography.
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prednisolone at 10 mg/day for 2 days, followed by 20 mg/day

for 2 days, then the dose was increased to 50–60 mg/day for

1 week, and then gradually reduced by 10 mg/day each week

until a level of 10 mg/day was reached, and then further

reduced by 2.5 mg/day each week.9 One randomized con-

trolled trial, the EPITOME (Efficacy of Prednisone for the

Treatment of Ocular Myasthenia) study, demonstrated the

safety and efficacy of low-dose prednisolone (starting dose

of 10 mg every other day, adjusted to a maximum of 40 mg/

day over 16 weeks).10

Our objective was to evaluate the initial treatment

response to low doses of oral prednisolone, compared

with moderate doses, in patients with OMG.

Materials and Methods
Study Design
A retrospective cohort study was performed at a single

tertiary center, the Faculty of Medicine Ramathibodi

Hospital, Mahidol University, Bangkok, Thailand. Case

inclusion criteria were: 1) adult subject (age ≥15 years

old) with a diagnosis of OMG, and 2) received predniso-

lone (dosage did not exceed 1 mg/kg/day) as a treatment

for OMG. The diagnosis of OMG was made according to

one of the following methods.

1. Improvement of ptosis and/or ophthalmoplegia after

intravenous edrophonium hydrochloride injection

(edrophonium test)

2. Presence of serum acetylcholine receptor antibody

(AChR Ab)

3. Abnormal repetitive nerve stimulation (RNS) or

single-fiber electromyography (SFEMG)

4. Ptosis reversal with ice-pack test.

Individuals who had concomitant thyroid-associated

ophthalmopathy, who were younger than 15 years old at

onset, who were prescribed immunosuppressive drugs

concomitantly and/or who converted to GMG during 12

weeks of treatment were excluded. Patients were included

as subjects if the chart review satisfied the inclusion/

Table 3 Response Rates in Subjects Overall and Subgroup Characteristics Between Low-Dose and Moderate-Dose Groups

Low Dose Moderate Dose P-value

(N=17) (N=17)

Overall subjects

Responsive, n (%) 9/17 (52.9) 13/17 (76.5) 0.28

Subgroup characteristics

Responsive, n (%)

Age of onset

<50 years 4/8 (50.0) 10/13 (76.9) 0.35

≧50 years 5/9 (55.6) 3/4 (75.0) 1.00

Gender

Male 5/10 (50.0) 4/6 (66.7) 0.63

Female 4/7 (57.1) 9/11 (81.8) 0.33

Presenting clinical features

Ptosis 2/6 (33.3) 3/3 (100.0) 0.17

Ophthalmoplegia 0/1 (0.0) 1/2 (50.0) 1.00

Ptosis with ophthalmoplegia 7/10 (70.0) 9/12 (75.0) 1.00

AChR Ab

Negative 5/11 (45.5) 6/9 (66.7) 0.41

Positive 2/3 (66.7) 3/4 (75.0) 1.00

Thyroid function test

Normal 4/10 (40.0) 7/11 (63.6) 0.40

Abnormal 4/6 (66.7) 6/6 (100.0) 0.46

Abbreviation: AChR Ab, acetylcholine receptor antibody.
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exclusion criteria. All enrolled subjects were seen between

January 2011 and December 2018. Approval for this study

was obtained from the Institutional Review Board of the

Faculty of Medicine Ramathibodi Hospital, Mahidol

University. The study was conducted according to the

tenets of the Declaration of Helsinki.

Demographic data, including age of onset and gender,

presenting ocular features (ptosis and/or ophthalmoplegia),

presence of AChR Ab, results of electromyography testing

(RNS and SFEMG) and the edrophonium test, ice-pack

test, thyroid function test, and the presence of thymoma/

thymic hyperplasia were reviewed.

All subjects received pyridostigmine as an adjunct to

oral prednisolone. However, pyridostigmine was not admi-

nistered within 5 hours prior to the examination of subjects

during follow-up. The prednisolone dosing regimen was

adjusted, based on each individual’s response to oral pre-

dnisolone, by the treating physicians. The dose was not to

exceed 1 mg/kg/day. The average 12-week cumulative

dose of prednisolone was calculated as the total predniso-

lone (mg) received during 12 weeks, divided by the num-

ber of days taking prednisolone and then divided by body

weight in kilograms. According to our knowledge, no

standard cut-off level between low and moderate

doses of prednisolone has been described in prior studies.

Therefore, subjects were grouped according to average 12-

week cumulative dosage (low-dose and moderate-dose

groups) using the median of the average 12-week cumula-

tive dose of prednisolone from all subjects, 0.435 mg/kg/

day, as the cut-off, in order to allocate subjects to both

treatment groups equally. This cut-off level was deter-

mined after the data collection process. The low-dose

group consisted of patients who received an average 12-

week cumulative dose of prednisolone of <0.435 mg/kg/

day and those in the moderate-dose group received

0.435–1.000 mg/kg/day.

Treatment response data were collected after 12 weeks

of treatment, before other immunosuppressants (metho-

trexate, azathioprine or mycophenolate mofetil) achieved

their therapeutic effects. The primary outcome measure

was the treatment response. Treatment response was

graded according to the categories of Kim et al: complete

remission, major improvement, minor improvement, or no

response or deterioration.11 The definitions of treatment

response are summarized in Table 1. Complete remission,

major improvement and minor improvement were classi-

fied as responsive, while no response and deterioration

were classified as non-responsive. Subgroup analyses by

age of onset, gender, presence of AChR Ab, presenting

clinical features and thyroid function test were carried out.

As a secondary outcome, we examined adverse events in

both groups.

Statistical Analysis
Fisher’s exact test was used to compare the incidence of

treatment responses between the two treatment groups.

A significance level of P<0.05 (two-tailed) was used for

hypothesis testing.

Results
The medical records of 34 subjects were retrospectively

reviewed. The age of onset was 44.0±18.1 years (mean

±SD). The most common presenting ocular feature was

ptosis with ophthalmoplegia (22 subjects, 64.7%), fol-

lowed by isolated ptosis (nine subjects, 26.5%) and iso-

lated ophthalmoplegia (three subjects, 8.8%). There were

17 subjects in each treatment group. In the low-dose

group, the average 12-week cumulative dose was 0.23

±0.11 mg/kg/day (mean±SD). In the moderate-dose

group, the average 12-week cumulative dose was 0.65

±0.15 mg/kg/day (mean±SD). There were no substantial

differences between the treatment groups with respect to

baseline characteristics (Table 2). The age of onset was

50.1±18.0 years (mean±SD) in the low-dose group and

37.9±16.1 years (mean±SD) in the moderate-dose group.

There were 10 males (58.8%) in the low-dose group and

six (35.3%) in the moderate-dose group. Three presenting

clinical features were observed in both groups: isolated

ptosis (six subjects [35.3%] in the low-dose group and

three subjects [17.6%] in the moderate-dose group); iso-

lated ophthalmoplegia (one subject [5.9%] in the low-dose

group and two subjects [11.8%] in the moderate-dose

group); and ptosis with ophthalmoplegia (10 subjects

[58.8%] in the low-dose group and 12 subjects [70.6%]

in the moderate-dose group).

Of those tested for AChR Ab, the result was positive in

three of 14 subjects (21.4%) and four of 13 subjects

(30.8%) in the low- and moderate-dose groups, respec-

tively. In the electromyography study, SFEMG was posi-

tive more often than RNS in both groups (SFEMG:

100.0% and 87.5%; RNS: 20.0% and 11.1% in the low-

and moderate-dose groups, respectively). The edropho-

nium test and ice-pack test were also performed in both

treatment groups. The percentages of positive subjects

were fairly similar in both treatment groups (Table 2).
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A thyroid function test was performed in 16 subjects in the

low-dose group and all subjects in the moderate-dose

group. Abnormal thyroid function results were found in

six subjects in each treatment group (37.5% in the low-

dose group and 35.3% in the moderate-dose group). Chest

computed tomography (CT) screening for thymoma or

thymic hyperplasia was conducted in nine and 15 subjects

in the low- and moderate-dose groups, respectively. No

thymoma or thymic hyperplasia was observed in the low-

dose group, whereas four subjects in the moderate-dose

group demonstrated thymoma or thymic hyperplasia

(Table 2).

With regard to the treatment response definition (Table 1),

a higher response rate was achieved in the moderate-dose

group, compared with the low-dose group; 13 subjects

(76.5%) and nine subjects (52.9%), respectively. However,

this trend did not reach statistical significance (P=0.28). In

subgroup analyses, there were no statistically significant dif-

ferences in response rates between treatment groups based on

the age of onset, gender, presenting clinical features, and

presence of AChR Ab or thyroid function test (Table 3).

Adverse events while on prednisolone therapy were

documented in four subjects (23.5%) of the moderate-

dose group, but none were reported in the low-dose

group. The most common adverse event was insomnia

(two subjects). The others were steroid-induced myopathy

(one subject) and a skin abscess (one subject). No serious

adverse events were observed in our study.

Discussion
This study was designed to shed light on the efficacy and

safety of low-dose prednisolone for the treatment of

patients with OMG who did not show adequate clinical

improvement with symptomatic treatment (pyridostig-

mine). To our knowledge, this is the first study on OMG

patients to perform a comparison between low-dose and

moderate-dose prednisolone in terms of the initial treat-

ment response at 12 weeks, before other immunosuppres-

sants exert their therapeutic effects.

The primary outcome analysis showed that nine of 17

subjects (52.9%) and 13 of 17 subject (76.5%) achieved

a responsive outcome in the low- and moderate-dose

groups, respectively. Although the moderate-dose group

showed a trend toward a higher responsive outcome, the

difference did not reach the level of statistical significance

(P=0.28). Subgroup analyses also lacked evidence to sup-

port a difference in responsive outcome between these two

therapeutic groups among subgroups based on age of

onset, gender, presenting clinical features, presence of

AChR Ab and thyroid function test. These results suggest

that low-dose prednisolone was comparable to the moder-

ate dose, in terms of initial treatment response. Our study

results demonstrated the efficacy of low-dose prednisolone

in treating OMG, which is consistent with a prior study.10

The randomized controlled EPITOME trial, which com-

pared low-dose prednisolone with placebo, also demon-

strated the efficacy of low-dose prednisolone over 16

weeks (starting with a dose of 10 mg every other day,

which increased to 10 mg/day, then 20 mg alternating with

10 mg, and finally the dose was adjusted to a maximum of

40 mg/day). Treatment failure was observed in only 17%

of subjects in the low-dose group.10

Our secondary outcome was the collection of adverse

events, which were exclusively found in the moderate-

dose group; the adverse events included insomnia, steroid-

induced myopathy and skin abscess. Consistent with the

prior study, our results support the safety of low-dose

prednisolone for OMG.12 Only minor adverse events

were documented in our study. However, in patients taking

prednisolone, specific monitoring measures should be in

place to reduce the risks of severe adverse events, includ-

ing worsening blood glucose level, excess weight gain,

worsening blood pressure, upper gastrointestinal bleeding,

osteoporosis, avascular necrosis of the hip joint and infec-

tious disease.

The strengths of our study are as follows: 1) it was the

first study to compare low and moderate doses of predni-

solone for OMG in terms of initial treatment response (12

weeks); and 2) the doses of prednisolone in our study were

calculated per body weight (kg), which should help in

generalization to different populations, regardless of body

weight.

This study had some limitations. First, our study design

was a retrospective analysis, with variable clinical evalua-

tions and investigation patterns, which resulted in missing

data. For example, the type and severity of ophthalmople-

gia were lacking, and only half of the subjects had

SFEMG results, which limits the analysis of certain fea-

tures. Second, because of the small number of subjects,

our study may not have been adequately powered to detect

differences in treatment response between treatment

groups. With a larger study population, differences may

have reached statistical significance. Third, our study did

not focus on the time to treatment response during the 12

weeks. Fourth, the dosage of prednisolone was not deter-

mined prior to the initiation of treatment. Subjects in the
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moderate-dose group may have had treatment failure from

low-dose prednisolone, and then, in order to achieve

a responsive result, the dose of prednisolone may have

been increased until the average cumulative dose reached

the moderate-dose group range. Therefore, the proportion

of subjects in the low-dose group with a responsive out-

come may be lower than reported. The final drawback of

our study was the variability of dosing regimens pre-

scribed among the treating physicians. We addressed this

by using an average 12-week cumulative dose to represent

the total dosing regimens, for data collection and analysis.

Current treatment recommendations in OMG are gener-

ally based on low-level evidence guidelines from clinical

experiences, expert opinions and consensus reports. Further

prospective and randomized controlled studies to compare

the efficacy of low-dose and moderate-dose prednisolone are

encouraged, to confirm our results. These could lead to

a new standard treatment guideline being established to

address this disease with optimism, maximize therapeutic

responses and minimize adverse events.

Conclusions
Treatment of OMGwith an average 12-week cumulative dose

of prednisolone <0.435 mg/kg/day (low dose) shows

a comparable responsive outcome to 0.435–1.000 mg/kg/day

of prednisolone (moderate dose). Treating OMG with low-

dose prednisolone can minimize prednisolone-related adverse

events. However, a prospective randomized controlled trial

with a larger study population is warranted in order to gain

more insight into the proper dosage of prednisolone for OMG.
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