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Abstract

Purpose of review To review the diagnosis and current treatments for ocular myasthenia
gravis (OMG) with a focus on recent advances.

Recent findings Novel microRNA biomarkers show promise in predicting which patients
with OMG will subsequently develop generalized disease. Newly developed clinical rating
scales may enable more effective OMG-specific research. A recent meta-analysis suggested
that treatment with prednisone may reduce the risk of developing generalized myasthenia
gravis (GMG) in patients with OMG. Multiple new steroid-sparing immunotherapies, includ-
ing complement inhibitors and neonatal Fc receptor antibodies, have proven effective in
GMG and may be an option in refractory OMG patients.

Summary Ocular myasthenia gravis is a rare disease that causes ptosis and diplopia. Many
effective therapies exist, and the prognosis is good. Advances continue to be made in the
diagnosis and management of OMG.

®
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Introduction

Myasthenia gravis (MG) is an autoimmune disease
characterized by impaired transmission at the neuro-
muscular junction [1]. Resultant muscle weakness can
affect any skeletal muscle—including ocular, bulbar,
cervical, appendicular, and respiratory muscles—and

may fluctuate throughout the day. Patients commonly
present with double vision, ptosis, limb weakness, dys-
phagia, or slurred speech [2]. Severe weakness of res-
piratory or swallowing muscles can be life-threatening
but occurs in a minority of patients, and most patients
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have good outcomes with treatment [3]. MG is a rare
disease with an annual incidence between 2 and 22
cases per million and a prevalence around 60-100 per
million [4]. It has a bimodal peak, with a female pre-
dominant peak between ages 20 and 30 and a male
predominant peak between ages 60 and 80 [4].

Ocular symptoms are the most common presenting
symptom in patients diagnosed with MG, with over
half of patients having double vision or ptosis at pres-
entation [2, 5]. Although many patients with ocular
complaints also have evidence of generalized weak-
ness, ~ 1/3 of patients have only ocular symptoms
at the time of diagnosis and are classified as ocular
myasthenia gravis (OMG) [2, 6]. Approximately 2/3

Pathophysiology

of patients with OMG will eventually develop systemic
weakness and be diagnosed with generalized myasthe-
nia gravis (GMG). Most progression to GMG occurs
within 2 years of symptom onset |2, 5, 7], and less than
10% of patients will develop GMG after 2 years [5].
While typically thought of as mild relative to GMG,
OMG can be highly distressing and debilitating. Diplo-
pia and ptosis both interfere with vision, including
vision-demanding tasks such as driving, and as a
result, they negatively impact quality of life and the abil-
ity to work [8]. Fortunately, many effective treatments
exist for OMG. Here, we review the pathophysiology,
diagnosis, and management of OMG with a focus on
recent advances.

Myasthenia gravis is caused by autoimmune injury to the post-synaptic neuro-
muscular junction (NMJ). Damage to the post-synaptic membrane decreases
the safety factor for neuromuscular transmission, which is the difference
between the size of the endplate potential and the amount of depolariza-
tion required to generate a muscle action potential [9]. A lower safety factor
increases the likelihood that a given nerve signal will fail to generate muscle
contraction [9]. With repeated nerve activation, as occurs in exercise, the
amount of acetylcholine released into the NM]J decreases, reducing the size
of the endplate potential. In the setting of a reduced safety factor, this results
in the fatigable weakness characteristic of MG.

The majority (~90%) of MG is caused by antibodies to the acetylcho-
line receptor (AChR) [10]. Anti-AChR antibodies impair NMJ function via a
combination of complement-mediated damage to the post-synaptic mem-
brane, crosslinking and internalization of AChRs, and blocking of acetyl-
choline binding to the AChR [11]. The second most common cause of MG
(accounting for 40-70% of AChR-negative GMG patients) is antibodies to
muscle-specific tyrosine kinase (MuSK), which prevent clustering of AChR
on the post-synaptic membrane [12, 13]. Recently, antibodies to low-density
lipoprotein receptor-related protein 4 (LRP4) and agrin, which bind to each
other to trigger MuSK activation, have also been shown to be pathogenic in
preclinical models [14, 15].

Patients with OMG are less likely than those with GMG to have anti-
AChR antibodies (only 50-60% of OMG patients have AChR antibodies)
[5, 16] and almost never have anti-MuSK antibodies [13]. Anti-LRP4 or anti-
agrin antibodies are only found in 15% of OMG or GMG patients without
anti-AChR or anti-MuSK antibodies [17, 18¢, 19, 20]. The pathophysiology
of “seronegative” patients without an identified pathogenic antibody is not
fully understood but is presumed to be autoimmune given patients’ robust
response to immunotherapy. Up to 20-50% of seronegative OMG and GMG
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patients have pathogenic low-titer anti-AChR antibodies that can be detected
with more sensitive cell-based assays but not with conventional radioimmu-
noprecipitation assays [21-26]. The remainder of seronegative disease is likely
due to antibodies to other components of the post-synaptic membrane. Many
additional antibodies have been associated with MG, though most have not
been proven to be causal [11].

The reasons why some patients present with purely ocular symptoms
remain incompletely understood. Some patients with OMG have evidence
of damage to the NM]J in limb muscles in the absence of generalized symp-
toms [27], so it is possible that the extraocular muscles (EOMs) have a lower
threshold for developing clinical weakness as a result of impaired NMJ trans-
mission. The post-synaptic membrane in EOMs has a unique microstructure
[28] and lower density of AChRs [29], which may lower the safety factor.
Presynaptic nerves at the EOMs fire more rapidly than those at other skeletal
muscles and secrete less acetylcholine with each firing [30], making the NMJ
more susceptible to fatigability. The NMJ of EOMs may also produce fewer
complement regulatory proteins, predisposing the NMJ to increased injury
when AChR antibodies activate complement [31].

Diagnosis

The most common presenting symptoms of OMG are ptosis and diplopia.
Ptosis can be unilateral or bilateral but is often asymmetric and variable.
Diplopia is binocular (present only with both eyes open) and may be vertical,
horizontal, or oblique as a result of weakness in any of the EOMs. Weakness
can occur in any or all of the EOMs, and, as a result, OMG can mimic an iso-
lated cranial nerve palsy or intranuclear ophthalmoplegia. Patients may have
mild orbicularis oculi weakness, but this usually does not result in incomplete
eye closure (lagophthalmos). All symptoms are typically fatigable and there-
fore worsen as the day progresses or with sustained activity, such as occurs
when driving.

Bedside testing

Multiple bedside tests can be helpful in diagnosing OMG, primarily in
patients with ptosis. The presence of variable ptosis; fatigable ptosis; or the
“curtain sign,” in which raising the ptotic eyelid causes the other eyelid to
droop, all suggest OMG but the test characteristics of these findings are not
well established. Cogan'’s lid twitch, which is elicited by having the patient
sustain downgaze for 15 s and observing for a brief upward eyelid twitch on
return to primary gaze, has a sensitivity between 50 and 75% and a specificity
of>90% for OMG [32-34]. The forced eyelid closure test, in which patients
squeeze their eyelids shut for several seconds before opening and assessing
for twitch, has been reported to have better sensitivity (>90%) and specificity,
albeit in a small, single-center retrospective study [33]. The ice pack test may
be the most studied bedside test and is performed by placing an ice pack over
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the patient’s closed eyes for 2 min and measuring ptosis before and after via
the margin reflex distance (MRD, the distance from the center of the pupil to
the upper eyelid margin). A prior systematic review of case-control studies
placed the sensitivity and specificity as high as 94% and 97%, respectively
[35], though recent prospective studies placed the sensitivity between 77
and 86% and specificity between 79 and 98% [36, 37*¢]. Performing the
ice pack test after sustained upgaze may improve the sensitivity [38]. With
the use of prisms to measure ocular alignment, the ice pack test can also
be used in patients presenting with diplopia [36]. Edrophonium, a rapidly
acting acetylcholinesterase inhibitor, was historically used in the diagnosis
of MG by administering it to patients in the office and assessing for clinical
improvement but is no longer commercially available in many countries,
including the USA.

Serum testing

Serum antibody testing is a cornerstone in the diagnosis of MG. The speci-
ficity of anti-AChR antibodies for OMG approaches 100% (indicating that
there are few to no false positives), and a positive antibody test is sufficient
to make the diagnosis in the right clinical context [35]. Because only around
half of OMG patients have anti-AChR or anti-MuSK antibodies [13, 39], the
sensitivity of antibody testing for OMG is quite low. Testing for LRP4 or
other antibodies can be considered, though the test characteristics are not
well established.

Electrodiagnostics

The final widely used method to make a diagnosis of OMG is electrodiagnos-
tic studies. Slow repetitive nerve stimulation (RNS) is highly specific (>95%)
but poorly sensitive (~30%) for OMG due to an inability to directly test
ocular muscles [35]. Single-fiber EMG (SF-EMG) of the orbicularis oculi has
excellent sensitivity (79-97%) and specificity (80-92%) but is technically
challenging, uncomfortable, and only available at specialized centers [35,
37ee, 40]. A recent prospective, single-center study found that SF-EMG and
the ice pack test have similar test characteristics and the combination of the
two has improved sensitivity (98%) and specificity (92%) [37°°].

Patients with negative testing

In patients for whom clinical, antibody, and electrodiagnostic testing are all
negative but a high clinical suspicion for OMG remains, an empiric trial of
pyridostigmine can be considered. Subjective improvement with pyridostig-
mine can be difficult to interpret, so determination of response should rely
on objective measures such as MRD or measurement of eye deviation with
prisms.
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The differential diagnosis for OMG should be revisited in patients in
whom all testing is negative or the response to therapy is not as expected.
Thyroid ophthalmopathy, chronic progressive external ophthalmoplegia,
myotonic dystrophy, and oculopharyngeal muscular should be considered in
patients with any combination of ptosis or diplopia. Congenital myasthenic
syndromes (CMS), which are caused by genetic abnormalities within the
neuromuscular junction, can occasionally present in adulthood and mimic
seronegative OMG with abnormal RNS or SF-EMG. Some forms of CMS will
even respond to pyridostigmine, but they as a rule do not respond to immu-
notherapy. Given this differential, genetic testing should be considered in
patients who do not respond as expected to therapies.

Therapeutic approach

Supportive care

Supportive strategies can be a useful adjunct in OMG either prior to or in
addition to drug therapy. For patients with ptosis, eyelid crutches can be
added to glasses to improve vision during the day but are difficult to obtain
and adjust. For patients with diplopia, patching of one eye will eliminate the
symptom of double vision while worn, though it may reduce depth percep-
tion and is not cosmetically pleasing. Prisms can be considered in patients
with diplopia, but they are not effective for dynamic and variable ocular
misalignment as is typical in OMG.

Acetylcholinesterase inhibitors

First-line therapy for OMG is the acetylcholinesterase inhibitor pyridostig-
mine. Although there have been no randomized clinical trials of pyridostig-
mine, decades of use and observation have demonstrated its effectiveness
[41]. Pyridostigmine blocks the degradation of acetylcholine, increasing the
amount of acetylcholine available in the NMJ and thus improving neuro-
muscular transmission. It has a rapid (<30 min) onset of action and lasts for
about 3-4 h (see Table 1 for dosing). An extended-release version exists, but
absorption is inconsistent and results in variable dosing throughout the day,
limiting its usefulness. Pyridostigmine monotherapy resolves symptoms in
more than half of patients with ptosis, though it is less effective for diplopia
[42]. The major dose-limiting side effects are diarrhea and cramping,.

Glucocorticoids

Glucocorticoids are second-line therapy for OMG and should be used in
patients who continue to have symptoms while on pyridostigmine. As with
pyridostigmine, there is a paucity of randomized data supporting the effec-
tiveness of steroids and the recommendation for glucocorticoids comes pri-
marily from expert opinion and observational studies [42, 43]. In GMG,
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one randomized study showed no difference in patient outcomes between
patients on oral prednisone and placebo at 6 months [44] and another small
study showed that a short course of IV methylprednisolone improved muscle
function at 2 weeks compared to placebo [45]. In OMG, a single randomized
trial of 9 patients found that prednisone increased the chance of minimal dis-
ease at 16 weeks versus placebo [46]. Initial and maintenance glucocorticoid
dosing is lower for OMG than for GMG (Table 1), and one small, retrospec-
tive study suggested that initial dosing as low as 10 mg/day is sufficient [47¢].
Initiation at very high doses has been reported to precipitate myasthenic
crisis [48], though a recent randomized trial did not show an increased rate
of exacerbations with initial high-dose prednisone [49]. Prednisone takes
2-3 weeks to have an effect and the peak effect may take 6 months. Long-term
glucocorticoid use has many well-described adverse effects, including weight
gain, diabetes, hypertension, peptic ulcer disease, and cataracts [50]. Once
clinical remission is achieved, the glucocorticoid dosage should be weaned
as low as possible.

Multiple retrospective studies have suggested that glucocorticoids reduce
the risk of generalization in OMG. A meta-analysis of 8 studies found a
pooled odds ratio for the development of GMG of 0.19 [51]. However, risk
factors for generalization [7, 52*¢] were not completely controlled for in all
studies and many patients received other immunosuppressants in addition
to steroids. Moreover, steroids may simply mask symptoms of incipient GMG
rather than prevent GMG, and a washout period would be required to deter-
mine if GMG were truly prevented. Given the low quality of the available
evidence, glucocorticoids are not recommended solely for the prevention of
generalized disease in patients with OMG.

Nonsteroidal immunosuppressants

Addition of a nonsteroidal immunosuppressant is indicated for patients in
whom glucocorticoids do not sufficiently control symptoms, the glucocor-
ticoid dose cannot be sufficiently tapered, or there is a contraindication to
glucocorticoids. Nonsteroidal agents typically take at least 6 months to take
effect. Because two-thirds of patients with OMG remain symptom-free on
prednisone alone [53¢], nonsteroidal agents are not typically started at the
time of glucocorticoid initiation as is sometimes done in GMG. Azathioprine
and mycophenolate are the most used agents, but cyclosporine, methotrexate,
and tacrolimus can also be used. Overall, there is little data on nonsteroidal
immunosuppressants specifically in OMG, and efficacy is extrapolated from
studies in GMG.

Azathioprine is the first-line nonsteroidal agent for MG in many inter-
national guidelines [54]. A small, randomized, placebo-controlled trial in
GMG showed that the addition of azathioprine to prednisolone reduced the
relapse rate after 6-12 months and enabled significant reductions in gluco-
corticoid doses between 1 and 2 years [55]. There is no other high-quality
evidence for azathioprine in GMG and no clinical trial data for azathioprine
in OMG. The most common side effects are nausea, vomiting, and bone
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marrow suppression, and blood counts must be monitored closely at initia-
tion. Idiosyncratic hypersensitivity causing a flu-like syndrome with fever
and gastrointestinal symptoms can occur in the first several weeks and war-
rants discontinuation. Patients with polymorphisms in the TPMT gene are at
increased risk of severe bone marrow suppression, though the role of routine
screening prior to starting azathioprine is debated. Some studies have sug-
gested a very small increased risk of malignancy, but this was not confirmed
in a recent meta-analysis [56]. Xanthine oxidase inhibitors (e.g., allopurinol)
used to treat gout lower the clearance of azathioprine and should be avoided.

Mycophenolate is also commonly used as a first-line nonsteroidal agent.
There is no randomized data supporting the efficacy of mycophenolate, and,
in fact, several double-blind, randomized controlled studies in GMG have
shown no benefit in the first 9 months [57, 58]. Evidence supporting the use
of mycophenolate comes from retrospective studies, primarily a large single-
center retrospective analysis that showed patients treated with mycophenolate
had equivalent clinical outcomes to those on prednisone at 6-12 months
and that patients on mycophenolate and prednisone were able to reduce
their prednisone dose at 1 year [59]. Mycophenolate can cause nausea, diar-
rhea, and mild leukopenia. There is a single case report of lymphoma after
mycophenolate treatment, but high-quality evidence on the risk of malig-
nancy at doses used in MG is lacking [60].

The calcineurin inhibitors cyclosporine and tacrolimus can be used in
patients who do not respond to azathioprine or mycophenolate. Cyclosporine
has been shown to be effective in improving motor function in GMG at
6 months in two small, randomized trials [61, 62]. A single-center retrospec-
tive analysis of cyclosporine use in GMG showed that most patients saw
clinical improvement at 6 months and were able to reduce their steroid dose
[63]. One small, randomized trial showed that tacrolimus reduced daily glu-
cocorticoid doses and the need for rescue therapy over the course of 1 year
[64]. Cyclosporine and tacrolimus are metabolized by the P450 system and
therefore have many drug-drug interactions. Both can cause renal toxicity and
hypertension and increase the risk of squamous cell cancer and lymphoma.

Methotrexate is the final commonly used oral treatment. There is no
high-quality evidence to support its efficacy, and a single randomized trial
of methotrexate use in AChR-positive GMG showed no benefit at 1 year [65].
Given the paucity of supporting data, the most recent international consensus
recommends considering methotrexate only if patients have not tolerated or
responded to any of the previously mentioned treatments [66°¢].

Intravenous immunoglobulin (IVIg) and plasma exchange (PLEX) are
mainstays in the treatment of myasthenic crisis but have a limited role in
chronic management of MG. While they are occasionally used as mainte-
nance therapy in refractory GMG patients, they are seldom used in OMG as
the side effects, cost, and inconvenience tend to outweigh the benefits.

Thymectomy

The thymus has been implicated in the development of MG because the
majority of patients with AChR-positive GMG have a thymoma, thymic
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hyperplasia, or other thymic abnormalities [67]. For all patients with OMG or
GMG in whom a thymoma is found, definitive management of the thymoma
is indicated, including thymectomy in patients with resectable disease [68,
69]. Thymomas are less commonly found in OMG than GMG [70] but are
found in between 1 and 11% of OMG patients [7, 8, 71, 72].

The data for thymectomy in nonthymomatous MG are less clear. Current
guidelines recommend consideration of thymectomy in AChR-positive GMG
patients aged 18-50 based on a positive randomized trial of transsternal
thymectomy in that population [66°¢, 73]. In OMG, multiple case-control
studies have been performed suggesting up to a 50% rate of complete remis-
sion after thymectomy, summarized in a recent meta-analysis [74]. However,
the heterogeneity between studies was high and most studies had methodo-
logical limitations including use of historical controls (who are likely to be
clinically different from those referred to surgery), lack of an appropriate con-
trol group, and failure to account for baseline differences in disease severity.
A recent single-center study utilizing propensity score methods to account
for nonrandomization did not find any difference in prednisone dose or
symptom severity after thymectomy [75]. Given the paucity of high-quality
data, current guidelines recommend that thymectomy be considered only in
patients with OMG who do not respond adequately to pyridostigmine and
either are refractory to immunosuppression, have contraindications to immu-
nosuppression, or prefer not to take immunosuppressants [66¢¢]. Efforts to
design a clinical trial of thymectomy for early OMG are currently underway.

Surgical symptom management

Surgical interventions are commonly used to treat nonmyasthenic diplopia
and ptosis but are more challenging to apply to patients with MG as symp-
toms tend to fluctuate throughout the day. Despite treatment, some patients
with OMG develop a degree of fixed weakness manifesting as unvarying
diplopia or ptosis that is likely due to permanent damage to the post-synaptic
membrane. In this scenario, several groups have explored the role of surgical
interventions. Small case series have reported the resolution of diplopia after
strabismus surgery in up to half of patients [76] and a reduction in the degree
of ptosis after surgical ptosis repair in a highly selected patient population
[77, 78]. In all studies, patients had stable disease and at least 2 years of medi-
cal treatment prior to intervention.

New and emerging therapies

In recent years, several promising new therapies have been approved for
GMG. Patients with OMG were excluded from all pivotal studies, so it is not
clear if the results translate to OMG. Some new therapies cost upwards of
$600,000 per year [79] and carry significant risks. As such, they have a limited
role in the treatment of OMG but can be considered in severe, refractory cases.
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Efgartigimod alfa

Efgartigimod alfa is a human IgG1-derived Fc fragment that binds to and
inhibits the neonatal Fc receptor (FcRn). FcRn recycles 1gGs in the body and
thus prolongs the half-life of IgGs. By blocking FcRn, efgartigimod reduces
serum IgG levels [80], thereby reducing disease activity. In a randomized,
placebo-controlled trial, efgartigimod significantly improved patient function
starting 1 week after therapy [81¢]. The main side effects were headache and
nasopharyngitis, and there was an increased rate of urinary tract and upper
respiratory infections. There is little long-term safety data for efgartigimod.

Complement inhibitors

Ravulizumab and eculizumab are both inhibitors of the complement compo-
nent C5, whose conversion to C5b initiates the formation of the membrane
attack complex that is a major cause of post-synaptic damage in MG. Eculi-
zumab is dosed every 2 weeks while ravulizumab is dosed every 8 weeks. A
randomized, placebo-controlled trial of eculizumab failed to demonstrate an
improvement in the primary endpoint of MG activities of daily living (MG-
ADL) score at 6 months but the rate of exacerbations (a secondary endpoint)
was lower in treated patients [82¢]. A randomized, placebo-controlled trial of
ravulizumab showed improvements in MG-ADL scores at 6 months [83]. Both
medications significantly increase the risk of Neisserial infections, particu-
larly meningitis, and require meningococcal vaccination several weeks prior
to initiation. In the USA, prescribers must enroll in a Risk Evaluation and
Mitigation Strategy (REMS) program to prescribe these medications. A sub-
cutaneously administered C5 inhibitor, zilucoplan, demonstrated improve-
ments in strength and function at 12 weeks in a randomized, double-blind,
placebo-controlled trial [84] and is currently under FDA review. It will likely
require similar risk monitoring.

Rituximab is a monoclonal antibody to CD20, a protein found on the surface
of B cells. It has been widely used in other autoimmune diseases to deplete
pathogenic antibody-secreting B cells, though its use in MG remains contro-
versial. Guidelines recommend early consideration of rituximab in MuSK-
positive GMG [66°¢], the data for which will not be discussed here due to the
very low rate of MuSK-positive OMG. In AChR-positive GMG patients, the
data are more mixed, with a randomized controlled trial in stable patients
with mild to moderate disease showing no benefit [85] and a trial in newly
diagnosed patients showing improved outcomes and fewer exacerbations at
four months [86].



162 Curr Treat Options Neurol (2023) 25:151-167

Research advances in ocular myasthenia

Predicting generalization

Predicting which patients with OMG will eventually develop GMG may help
identify patients in whom earlier immunosuppression is warranted or guide
patient selection for future trials of immunosuppressants. Patients who even-
tually convert to GMG are more likely to be older, be AChR-positive, have
bilateral ptosis, have an abnormal RNS, and have thymic hyperplasia [7,
52e¢]. One group developed a nomogram for risk of generalization based
on retrospective chart review of a large cohort in China that had good test
characteristics but has not been validated in other populations where the
rate of OMG differs [52¢¢]. Two separate groups have found that levels of
the microRNA (miRNA) miR-30e-5p are elevated in serum of patients who
present with ocular symptoms and develop GMG compared to those who
remain with OMG [72, 87]. This finding is promising but will need to be
validated in other cohorts.

Biomarkers of severity and treatment efficacy

miRNAs have also been studied as a biomarker for disease severity in GMG.
miR-30e-5p, miR-21-5p, and miR-150-5p have all been shown to be elevated
in patients with more severe disease and to decline with immunosuppression
[72]. One small study suggested miR-150-5p levels are reduced after thymec-
tomy, though the effect was small and only seen at a single time point [88].
Further validation and study in OMG will be required before miRNAs are
used in clinical practice.

OMG-specific disease measurement tools

Current validated measurement tools used in MG trials, such as the MG-ADL
or the Quantitative Myasthenia Gravis Score (QMGS), are heavily weighted
toward generalized disease [89]. A recently developed tool called OMGRate
includes both objective and subjective measures and had excellent test char-
acteristics in a single-center study [90¢]. Validation in a larger study would
provide helpful tool for measuring relevant outcomes in OMG.

Conclusion

Ocular myasthenia gravis is a rare disease that manifests as diplopia and ptosis
and can have a profound impact on quality of life. The diagnosis can be chal-
lenging due to the low rate of serum antibody positivity but multiple bedside,
serum, and electrodiagnostic tests can be used in concert to make the diag-
nosis. Treatment consists of stepwise progression from acetylcholinesterase
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inhibitors to immunotherapies, and the overall prognosis is very good. An
abundance of new therapies for generalized myasthenia gravis has recently
been approved that may be options in refractory disease.
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