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ABSTRACT
Myasthenia gravis is a disorder of neuromuscular junction 
transmission, the result of antibodies against the post-
synaptic aspect of the neuromuscular junction. Its clinical 
hallmark is fatigable weakness of skeletal muscles, which 
tends to vary in location and severity among patients. 
It is treated with pyridostigmine, immunotherapy, and 
thymectomy. Treatment is often individualized according 
to disease severity, antibody status, comorbidities, and 
other factors. This review uses a question-and-answer 
format to provide up-to-date, high-yield, clinically rele-
vant information on myasthenia gravis.

KEY POINTS
Diagnosis often starts with antibody testing, while 
electrodiagnostic tests are useful in selected patients. 

Pyridostigmine is often given to patients with mild 
symptoms, or as an ancillary therapy for patients with 
more severe illness. 

Corticosteroids and corticosteroid-sparing agents are 
given based on a variety of patient characteristics. 

Thymectomy is mostly reserved for younger patients with 
acetylcholine receptor antibody-positive generalized 
myasthenia gravis. 

Newer selective immunotherapies for myasthenia gravis 
are emerging. 

The name “myasthenia gravis” comes 
from the Greek for muscle weakness and 

the Latin word for grave or serious. A chronic 
autoimmune neuromuscular disorder causing 
skeletal muscle weakness, its primary patho-
physiology involves dysfunction of the post-
synaptic aspect at the neuromuscular junc-
tion, mainly a loss of acetylcholine receptor 
(AChR) function on the muscle membrane.

Certain skeletal muscle groups are more 
likely to be involved than others, but the 
pattern varies widely among patients and 
depends on the clinical course in the individ-
ual patient. Accordingly, myasthenia gravis is 
typically categorized as either ocular (in which 
weakness is limited to the extrinsic ocular 
muscles and levator palpebrae superioris), or 
generalized (in which muscles beyond those in 
the ocular form are involved, including those 
of the limbs, the bulbar and oropharyngeal 
region, and muscles of respiration). 

The following 12 frequently asked ques-
tions and answers aim to provide up-to-date, 
high-yield, clinically relevant information 
about myasthenia gravis.

 ■ WHICH POPULATIONS ARE AT RISK?

Family members, particularly fi rst-degree rel-
atives of those with myasthenia gravis, have 
a higher risk not only for myasthenia gravis 
but also for other autoimmune diseases.1 In 
addition, the disease has interesting patterns 
of age, sex, and phenotype.

Myasthenia gravis can strike at any age, but 
the age of onset has a bimodal distribution, 
with the fi rst peak in patients in their teens 
and 20s, in which girls and women outnum-doi:10.3949/ccjm.90a.22017
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TABLE 1
Key features distinguishing myasthenia gravis from other common diagnoses

Disorder
Similarities to myasthenia 
gravis Differences from myasthenia gravis

Lambert-Eaton myasthenic 
syndrome

Weakness and fatigue Less prominent ocular or oculobulbar features
Arefl exia or hyporefl exia 
Autonomic features (dry mouth, erectile dysfunction)
Positive antibody against P/Q voltage-gated calcium channel
High-frequencey repetitive nerve stimulation testing shows an
   incremental response (ie, a progressive increase in motor amplitude)

Botulism Ocular fi ndings 
(diplopia and ptosis), 
bulbar dysfunction, generalized 
weakness

Acute attack, possible history of food poisoning
Descending paralysis
Dilation of the pupil (mydriasis)
Prominent autonomic dysfunction
Monophasic course
High-frequency repetitive nerve stimulation testing shows an
   incremental response 

Amyotrophic lateral 
sclerosis

Bulbar dysfunction and weakness Slow progressive course
No ocular fi ndings
Symptoms do not fl uctuate 
Findings of upper motor neuron dysfunction (eg, hyperrefl exia,
   spasticity)
Electromyography showing prominent active and chronic
   denervation or reinnervation, or both

Myopathy Proximal limb weakness Relative absence of ocular fi ndings 
Symptoms do not fl uctuate
Creatine kinase elevation and presence of myositis-specifi c
   antibodies in cases of autoimmune or infl ammatory myositis
Repetitive nerve stimulation testing is normal, while needle 
   electromyography shows short-duration, low-amplitude,
   polyphasic motor-unit potentials, with or without abnormal
   spontaneous activity

Guillain-Barré syndrome  
and chronic infl ammatory 
demyelinating 
polyradiculoneuropathy

Generalized weakness Sensory symptoms such as pain and paresthesia
Symptoms do not fl uctuate
Hyporefl exia or arefl exia
Cerebrospinal fl uid has protein elevation, no signifi cant
   pleocytosis
Nerve conduction studies reveal fi ndings consistent with
   demyelination

Thyroid eye disease Diplopia Ptosis is infrequent
Symptoms do not fl uctuate
Other ocular fi ndings such as edema, redness, conjunctival injection
   and exophthalmos
Magnetic resonance imaging showing extraocular tissue
   enlargement

Oculopharyngeal muscular 
dystrophy

Ptosis, diplopia, dysphagia Slowly progressive course
Absence of symptomatic fl uctuation
Relative absence of prominent limb weakness
Elevation of creatine kinase
Mutations in the PABPN1 gene; mostly autosomal dominant pattern
   of inheritance

 on May 10, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 90  • NUMBER 2 FEBRUARY 2023  105

MORREN AND LI

ber boys and men, and the second peak in patients in 
their 50s and 60s, in which men outnumber women.2,3 

In the past, female patients outnumbered male 
patients overall. However, the age at onset has pro-
gressively increased, together with the proportion of 
men, so that the preponderance of women is becom-
ing less.4,5 There is a male predominance in ocular 
myasthenia gravis as well.6 Boys and girls are equally 
affected before puberty, but more girls than boys get 
the disease afterward.7

The myasthenia gravis subtype possessing anti-
bodies to muscle-specifi c tyrosine kinase (MuSK) has 
a marked female predominance (more than 70% in 
all studies reviewed), and its mean age of onset is 36 
to 38 years.2,8

African Americans may have slightly higher rates 
of myasthenia gravis incidence and prevalence, and 
more severe disease.9,10 In the United States, 28% to 
47% of patients with MuSK antibodies are African 
American.8 In addition, MuSK antibody-positive 
myasthenia gravis occurs in a higher proportion of 
those of Asian ancestry than in those of European or 
African ancestry.11 

About 13% of patients with myasthenia gravis 
have a comorbid autoimmune disorder.12 Thyroid 
disease (Hashimoto thyroiditis, Graves disease) is the 
most common, followed by rheumatoid arthritis.12,13 
Up to about 10% of patients with myasthenia gravis 
may have associated thymoma. 

Fortunately, myasthenia gravis is uncommon. In 
a systematic review of 55 studies, Carr et al14 calcu-
lated that the pooled incidence was 5.3 per million 
person-years, and the prevalence was 77.7 per million 
persons—both considerably lower, for example, than 
those of hypothyroidism or Guillain-Barré syndrome, 
which are in the differential diagnosis.

Although the incidence of myasthenia gravis has 
changed little over time, its estimated prevalence has 
signifi cantly increased since the 1950s, mostly owing 
to improvements in diagnosis and treatment that 
have reduced the mortality rate, so that more people 
are living with the disease. 

 ■ WHEN SHOULD A CLINICIAN THINK
ABOUT THIS DIAGNOSIS?

Think about myasthenia gravis when a patient has 
fatigable weakness, especially weakness of ocular 
muscles producing variable diplopia, ptosis, and weak 
eye-closure. These are the core clinical features. At 
initial presentation, which is typically subacute, up to 
85% of patients have ocular symptoms.15 

Fatigable is key. The muscle weakness fl uctuates, 
classically worsening with sustained or repetitive 
physical activity, worsening by evening or nighttime, 
and improving with rest. In the arms and legs, the 
weakness generally tends to affect proximal mus-
cles more than distal ones. In the mouth and neck, 
prominent bulbar weakness, including dysarthria, 
nasal speech, dysphagia, poor saliva control, diffi culty 
chewing, and neck weakness including a dropped-
head phenotype may be seen in about 15% of patients 
at presentation.15 Myasthenia gravis-related weakness 
may progress in severity over weeks or months, often 
with exacerbations and remissions during its course.

Think about myasthenia gravis when a patient 
has fatigable weakness, especially weakness 

of ocular muscles producing variable diplopia, 
ptosis, and weak eye-closure

Of importance, patients with myasthenia gravis 
typically have no sensory or pain symptoms, bowel or 
bladder dysfunction, or changes in mental status or 
cognition. In addition, deep tendon refl exes are usu-
ally intact, even if the patient has marked weakness. 

Table 1 lists common disorders in the differential 
diagnosis of myasthenia gravis and their distinguishing 
features.

 ■ WHAT TESTS SHOULD BE ORDERED?

Antibody tests are ordered fi rst, followed in some 
patients by electrodiagnostic and other tests (Figure 1).

Antibody tests
First-line diagnostic tests are typically serologic.

Anti-AChR antibody (particularly the binding 
subtype) is highly specifi c (> 90%) and very sensitive 
(up to about 85%) in those with generalized myasthe-
nia gravis.2

Anti-MuSK antibodies. In patients with myas-
thenia gravis who are seronegative for anti-AChR 
antibodies, up to 37% possess anti-MuSK antibodies.8 
However, the sensitivity of anti-AChR antibody is 
lower, about 50%, in those who have purely ocular 
myasthenia gravis. Anti-MuSK antibodies rarely 
occur in the group of patients with purely ocular 
myasthenia gravis.15

Antilipoprotein-related protein 4 (LRP4) anti-
body is found in 3% to 50% of the remaining patients 
with generalized myasthenia gravis who are seroneg-
ative to both anti-AChR and anti-MuSK antibodies.
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Antistriated muscle antibodies. On immuno-
fl uorescent staining, antistriated muscle antibodies 
bind in a cross-striational pattern to a number of 
muscle proteins including titin, ryanodine receptor, 
actin, myosin, tropomyosin, and fi lamin. They are 
much less specifi c for myasthenia gravis and are seen 
in about 30% of patients, and they are more useful 
as a marker for thymoma, especially in the nonel-
derly.15 Thus, myasthenia gravis cannot be reliably 

diagnosed on the basis of positive antistriated mus-
cle antibody alone.

Electrodiagnostic tests
Two electrodiagnostic tests—repetitive nerve stim-
ulation and single-fi ber electromyography—provide 
objective evidence of impairment of neuromuscular 
junction transmission and are helpful in diagnosing 
myasthenia gravis. They need not be performed in 

Fatigable clinical symptoms suggestive of myasthenia gravis, eg, binocular diplopia, 
ptosis, fl accid dysarthria, chewing/swallowing diffi culty, proximal more than distal 

limb weakness, dyspnea

Examination reveals fatigable weakness with repeated exertions, worsening ptosis 
with sustained up-gaze; ice-pack testing shows improved ptosis or ocular motility

Perform ancillary testing based on symptom severity

Non-severe/non-urgent Severe/urgent

Anti-AChR binding and
modulating antibody tests

Repetitive nerve stimulation 
test of weak muscle

Anti-MuSK and anti-LRP4
antibody test

Single-fi ber electromyography 
of weak muscle

Confi rmed diagnosis
of myasthenia gravis

Myasthenia gravis
unlikely−

+

−

− −

−

+

+ +

Figure 1. Diagnostic algorithm for myasthenia gravis. If the anti-AChR binding and modulating antibody 
tests are negative, two options are reasonable, as indicated.

AChR = acetylcholine receptor; LRP4 = lipoprotein-related protein 4; MuSK = muscle-specifi c tyrosine kinase
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all patients, but they provide supportive diagnos-
tic evidence, especially in seronegative patients 
and when prompt confi rmation of the diagnosis is 
needed.

 Repetitive nerve stimulation uses repeated 
“trains” of nerve stimulations to generate electrical 
muscle responses. The amplitudes of these responses 
can be measured to gauge the fatigability of neuro-
muscular junction transmission. The sensitivity and 
specifi city of repetitive nerve stimulation depends 
on the nerve-muscle combinations examined, the 
severity of myasthenia gravis, and the cutoff values 
used for a decremental response. Its overall diag-
nostic sensitivity ranges from about 30% to 80% for 
generalized myasthenia gravis, with lower sensitivity 
in milder disease or when distal muscles are tested. In 
ocular myasthenia gravis, its sensitivity is only 10% 
to 30%.16 

Single-fi ber electromyography uses small needle 
electrodes to measure the variability of single muscle 
fi ber potentials, a refl ection of neuromuscular junc-
tion transmission. This test is often considered only 
when other diagnostic tests are unrevealing. It is more 
sensitive than repetitive nerve stimulation (62% to 
99% for ocular myasthenia gravis, and 75% to 98% 
for generalized myasthenia gravis). Thus, a normal 
result in a clinically weak muscle essentially rules out 
myasthenia gravis. Its reported specifi city varies from 
66% to 98% for ocular myasthenia gravis and up to 
98% for generalized myasthenia gravis, and abnormal 
results can be seen in other neuromuscular disorders 
such as motor neuron disease, congenital myasthenia 
gravis, or myopathy.17

Other tests
Also useful in patients suspected of having myasthenia 
gravis are tests for common comorbid conditions, eg, 
chest computed tomography or magnetic resonance 
imaging for thymic abnormalities. One should be 
alert for clinical features that may suggest comorbid 
autoimmune conditions that would call for additional 
serologic tests such as thyroid-stimulating immuno-
globulin, antithyroid peroxidase, antithyroglobulin, 
or rheumatoid factor.

 ■ HOW DOES THE NATURAL COURSE
AFFECT THE TREATMENT STRATEGY?

Myasthenia gravis tends to progress, especially in 
the fi rst several years, so we recommend treating it 
aggressively with immunosuppressants at the outset 
and then gradually easing back.

Not until the late 1960s was myasthenia gravis rec-

ognized as an immune-mediated disorder, and immu-
notherapies such as corticosteroids, azathioprine, and 
methotrexate started to be used as treatments for it.18 

As a result, studies of its outcome done before the late 
1960s generally refl ected its natural course. In several 
such early studies, the mortality and morbidity rates 
were highest within the fi rst 3 years of the disease and 
lower thereafter.19–21

In particular, ocular myasthenia gravis reaches 
its maximal severity within the fi rst 3 years in most 
patients.21 In older studies, approximately two-thirds 
of cases of ocular myasthenia gravis subsequently 
progressed into the generalized subtype, and of these, 
approximately 80% did so within the fi rst year and 
90% within the fi rst 3 years.21,22 In more recent series, 
the percentage of generalization from the ocular sub-
type was less, as low as 20%23 to 50%.24 

Myasthenia gravis tends to progress, 
especially in the fi rst several years, so we 
recommend treating it aggressively with 

immunosuppressants at the outset
 and then gradually easing back

More immunotherapies for myasthenia gravis are 
now available. However, the aforementioned studies 
of the natural course help guide the assessment of 
risks and benefi ts of immunosuppressive treatment. 
While the early goal should focus on aggressive 
treatment to improve the patient’s functional status, 
care must be taken to avoid serious adverse effects 
from intense immunotherapy. Patients who endure 
the fi rst 3 years with relatively good symptom control 
tend to have a higher chance of gradual improvement 
or a steady state and, less often, worsening of the dis-
ease.21,25,26 An exception is in refractory myasthenia 
gravis, which accounts for approximately 10% of 
patients with generalized myasthenia gravis and can 
be associated with relapses and exacerbations late in 
the course.

In the long term, it is preferable to steadily min-
imize immunosuppression if the patient’s condition 
remains stable, while watching for relapse or exacer-
bation. Approximately half of patients can achieve 
remission or minimal symptoms with low-dose 
immunotherapy.26 However, clinicians should be 
cautious about discontinuing immunotherapy com-
pletely, as only about 10% of patients may achieve 
complete stable remission off immunotherapy.27
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 ■ WHAT INSTRUCTIONS SHOULD PATIENTS 
RECEIVE?

After myasthenia gravis is diagnosed, patients should 
be educated about its typical course and largely benign 
prognosis. Points to discuss include:
• Specifi c symptoms of the disease, including red 

fl ags
• The importance of the progressive trend of symp-

tom severity and frequency, rather than their tran-
sient worsening

• Common triggers of exacerbation, such as heat, 
infection, surgery, pregnancy, emotional disturbance, 
and certain medications (see discussion below)28 

• The intended medication regimen, particularly 
immunotherapy, and potential side effects, to 
ensure compliance. 

If a patient needs more than 240 mg
of pyridostigmine per day, it is time

to move on to immunotherapy

Many patients with myasthenia gravis are cautious 
about physical exertion, fearing that exercise might 
worsen their symptoms. However, most can tolerate 
and benefit from some form of exercise. Patients with 
mild disease can participate in resistance and aerobic 
training. For those with severe symptoms, stretching 
exercises such as tai chi, yoga, and balance training are 
usually most appropriate. Simply being more active 
and reducing overall sedentary time are important.29

Fatigue is common, reported in approximately 
80% of patients at some stage of their disease. It is 
important to recognize differences between fatigue 
and fatigable weakness, as fatigue does not call for 
escalating myasthenia gravis treatment. The cause 
of fatigue in myasthenia gravis is multifactorial 
and includes deconditioning, cognitive blunting, 
sleep disturbance, and weight gain. Management of 
fatigue may include regular exercise, sleep evaluation, 
psycho therapy, and cognitive behavioral therapy.29 

 ■ WHICH MEDICATIONS ARE BEST AVOIDED?

Because some medications can trigger or worsen 
myasthenic symptoms, all patients with myasthenia 
gravis, especially those with signifi cant weakness, 
should be observed for increased weakness whenever 
a new medication is started. In principle, if a patient’s 
condition deteriorates when given a new drug, the 
drug should be withdrawn. Drugs that are most clearly 

contraindicated in myasthenia gravis include teli-
thromycin, intravenous magnesium, botulinum toxin, 
penicillamine, and immune checkpoint inhibitors 
(see discussion below).30,31 
 Other medications that can worsen the disease 
include fl uoroquinolones, macrolide antibiotics, 
aminoglycoside, beta-blockers, chloroquine, statins, 
and iodinated contrast (mostly associated with a low 
overall risk of aggravating myasthenia gravis). Most 
patients with mild to moderate disease or in stable 
remission tolerate these drugs without ill effect. Some 
medications (eg, aminoglycosides) are probably best 
avoided, as many alternatives are available. More 
robust data are needed to ascertain and quantify the 
risk of myasthenia gravis worsening with the other 
medications mentioned above.

Immune checkpoint inhibitors, used to treat malig-
nancies, have become the most common iatrogenic 
cause of myasthenia gravis. They include blockers of 
programmed cell death receptor 1 (nivolumab, pem-
brolizumab), programmed cell death ligand 1 (atezoli-
zumab, durvalumab, and avelumab), and cytotoxic T 
cell lymphocyte-associated antigen 4 (ipilimumab). 

Immune checkpoint inhibitors can exacerbate 
symptoms in patients with myasthenia gravis or cause 
de novo disease. Many patients who develop myas-
thenia gravis as a result of these drugs have elevations 
of creatine kinase and troponin due to coexisting nec-
rotizing myositis and myocarditis. The range of these 
autoimmune complications is wide—mild and mono-
phasic in some patients, fulminant and even fatal in 
others. Prompt recognition is critical, as the immune 
checkpoint inhibitor needs to be stopped promptly 
and immunotherapy added.32

 ■ HOW SHOULD PYRIDOSTIGMINE BE USED?

Pyridostigmine, the most commonly used acetylcholin-
esterase inhibitor for symptomatic treatment of myas-
thenia gravis, is typically used alone in mild cases or in 
combination with immunosuppressants in more severe 
ones. However, its effi cacy may be minimal in patients 
with long-standing or severe myasthenia gravis. 

Pyridostigmine’s onset of effect is 30 to 60 minutes 
after each dose, and its duration is 3 to 6 hours. It 
should be taken 30 minutes before meals if dysphagia 
is present. A typical starting dose is 60 mg every 6 
hours during daytime. 

Patients who awaken with morning weakness can 
take a 180-mg extended-release formulation before 
sleep. However, the response to this formulation var-
ies due to erratic absorption.
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The dosage of pyridostigmine can be titrated up to 
240 to 360 mg daily, but side effects are more common 
at higher doses, and overdose may result in increased 
weakness.33 In practice, if a patient needs more than 
240 mg per day, it is time to move on to immuno-
therapy. Once myasthenia gravis is controlled with 
immunotherapy, most patients do not need pyr-
idostigmine. In a 1973 study in animals, long-term 
acetylcholinesterase inhibitor treatment at high doses 
led to degeneration and dysfunction of the neuromus-
cular junction,34 but clinical experience suggests that 
pyridostigmine is generally safe without signifi cant 
long-term complications.

The most common side effects are gastrointestinal, 
eg, abdominal cramping, loose stool, and fl atulence. 
Bradycardia, bronchospasm, increased sweating, 
excessive lacrimation, muscle twitching, and cramp-
ing are other effects.

To manage side effects, oral glycopyrrolate or hyo-
scyamine can be taken concurrently with pyridostig-
mine doses. Dosage adjustment may be required in 
patients with renal impairment. One should be vigilant 
for the development of bronchospasm in patients with 
asthma.

Patients with MuSK antibody-positive myasthenia 
gravis may not respond well to pyridostigmine or may 
develop profuse cramps and fasciculations, even with 
low doses, possibly owing to reduction of cholinester-
ase levels at the neuromuscular junction.8

 ■ WHEN SHOULD CORTICOSTEROIDS BE USED?

According to consensus guidelines,30 corticosteroids 
or nonsteroidal immunosuppressive drugs should be 
used in all patients with myasthenia gravis who have 
not met their treatment goals after an adequate trial 
of pyridostigmine.

Only 2 controlled trials have evaluated the effi cacy 
of corticosteroids in generalized myasthenia gravis.35,36 

However, retrospective studies of oral steroids (pred-
nisone or prednisolone) as the main myasthenia gra-
vis treatment also provide evidence that these drugs 
are effective.37 Corticosteroids help nearly all patients 
with all subtypes of myasthenia gravis, resulting in 
marked improvement in more than 80%. Their onset 
of action is relatively rapid, 2 weeks on average.

 Outpatients with mild to moderate symptoms can 
start prednisone at 20 mg daily and gradually increase 
the daily dose by 10 mg every 1 to 2 weeks up to approxi-
mately 60 mg daily, titrating to clinical response. Other 
corticosteroids with proven effi cacy in myasthenia gra-
vis include methylprednisolone, given intramuscularly 

or intravenously, and oral dexamethasone.37

Some patients respond better than others to cor-
ticosteroids. Good responders have a smooth and 
consistent response to moderate or high corticoste-
roid doses and can be kept in remission with low 
doses (eg, 5 to 7.5 mg of prednisone daily) without 
the need for nonsteroidal immunosuppressive agents. 
The long-term risk of such low-dose prednisone 
therapy is considered minimal.38 Data suggest that 
patients over age 40, and especially those over age 
60, are more likely to be good responders compared 
with younger patients.37 

Corticosteroids help nearly all patients with 
all subtypes of myasthenia gravis, resulting in 

marked improvement in more than 80%

When starting corticosteroids, be alert for cortico-
steroid “dipping,” ie, an exacerbation in myasthenic 
symptoms, seen in up to half of patients and usually 
occurring within the fi rst week of starting treatment. 
Most cases are mild, and the worsening does not lead 
to the need for intubation or assisted ventilation. 
Dipping does not predict a poor long-term response 
to corticosteroid therapy.39 Titrating the dose upward 
more gradually appears to reduce the occurrence of 
corticosteroid dipping.40 

Once signifi cant improvement is seen after start-
ing corticosteroid therapy, there is no need to wait 
for maximum improvement to occur before starting to 
taper these drugs. Weaning should be slow and usually 
starts after several weeks of high-dose therapy. Initial 
steroid tapering typically involves reducing the daily 
dose of prednisone by about 5 to 10 mg per month.

 ■ WHEN SHOULD OTHER IMMUNOSUPPRESSIVES 
BE USED?

Nonsteroidal immunosuppressive therapies should be 
considered in the following situations:
• Lack of signifi cant response to prednisone 
• More than 1 relapse upon prednisone tapering 
• Inability to wean prednisone to an acceptable 

minimal dosage 
• Contraindications to prednisone such as morbid 

obesity, brittle diabetes mellitus, peptic ulcer dis-
ease, high risk for osteoporosis, or signifi cant side 
effects from prednisone.
Nonsteroidal immunosuppressive drugs such as 

azathioprine, mycophenolate mofetil, methotrex-
ate, cyclosporine, tacrolimus, and rituximab have 
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been extensively used in myasthenia gravis to spare 
the use of corticosteroids in some patients. Newer 
agents recently approved such as eculizumab, rav-
ulizumab, and efgartigimod could also serve this 
purpose in selected patients.41–43

Other factors such as antibody status, comorbid-
ities, desired time course of action, and physician or 
patient preference may modify the choice of non-
steroidal immunosuppressive therapy. Rituximab is 
particularly effective for MuSK antibody-positive 
myasthenia gravis.8 Azathioprine, methotrexate, and 
mycophenolate mofetil may take 6 to 12 months to 
work, while the onset action of cyclosporine, tac-
rolimus, and rituximab is generally quicker. Several 
of these drugs can damage the bone marrow, liver, 
kidneys, and lungs, and the functional status of these 
organs may infl uence their usage.44 

At times, nonsteroidal immunosuppressive ther-
apy may also be given as the initial immunosuppres-
sant for patients with mild disease who are content 
with a slow course of improvement. In patients with 
signifi cant weakness who have contraindications to 
corticosteroids, intravenous immunoglobulin, efgar-
tigimod, or plasmapheresis can be used in the begin-
ning to expedite clinical improvement while allowing 
time for an alternative nonsteroidal immunosuppres-
sive therapy to produce its therapeutic effect.45 

Because of the delayed action of some nonsteroidal 
immunosuppressive therapies, prednisone should be 
started concurrently. However, in general, one should 
avoid combining more than 2 immunosuppressants 
(eg, prednisone and a nonsteroidal immunosuppres-
sive drug) in view of increased risks of infection and 
other side effects. An exception is in refractory myas-
thenia gravis, which often requires intense immuno-
therapy with multiple agents.46 

For patients who gain good control by taking the 
combination of prednisone and a nonsteroidal immu-
nosuppressive drug, prednisone is usually tapered 
fi rst. After prednisone is tapered off or reduced to an 
acceptable minimal dose, the nonsteroidal drug can 
be tapered next, but much more slowly, usually over 
years. In some patients, both prednisone and the non-
steroidal drug can be kept at low dosages for optimal 
disease control and to minimize the side effects of each 
while taking advantage of their different mechanisms 
of action.

 ■ WHAT IS THE ROLE OF THE THYMUS?
WHO SHOULD UNDERGO THYMECTOMY?

The thymus gland is essential in the development of 

central tolerance and T-cell differentiation, and thus 
likely plays an important role in the immunopatho-
genesis of myasthenia gravis.

In approximately 10% of patients, myasthenia gra-
vis is a paraneoplastic manifestation of an underlying 
thymic neoplasm (usually thymoma, rarely thymic 
carcinoma). However, thymic lymphoid hyperplasia 
is seen in up to 65% of patients with myasthenia 
gravis.47 Lymphoid hyperplasia consists of numerous 
lymphocytes, macrophages, and plasma cells, refl ect-
ing the autoimmunity underlying myasthenia gravis 
that often begins in the thymus gland. 

There is also evidence to suggest that autoim-
munity against acetylcholine receptor may be due 
to intrathymic “myoid” cells and medullary thymic 
epithelial cells that elaborate acetylcholine receptor 
or subunits of it on their cell surface.48 

Indicated in patients with thymic neoplasms,
and those similar to patients in the MGTX trial
The decision to remove the thymus is often infl u-
enced by whether patients have thymomatous or 
nonthymomatous myasthenia gravis. Thymectomy is 
indicated in all patients with thymic neoplasms. Oth-
erwise, candidacy for thymectomy depends on several 
factors including AChR antibody status, myasthenia 
gravis type, disease duration, and patient age. 

Supportive evidence comes from the landmark 
Thymectomy Trial in Non-Thymomatous Myasthe-
nia Gravis Patients Receiving Prednisone Therapy 
(MGTX).49 To enter that trial, patients had to meet 
the following criteria:
• Have generalized myasthenia gravis 
• Be AChR antibody-positive 
• Be within 5 years of symptom onset. 

Thymectomy in similar adult patients age 50 or 
younger is likely to improve clinical outcomes and 
permit minimal pharmacotherapy, including immu-
nosuppressant use and dosage. 

The benefi t of thymectomy in patients ages 51 to 
65 is more equivocal, and thymectomy is generally 
avoided in patients over age 65, since the risk-to-ben-
efi t ratio is less favorable.

 There is no signifi cant evidence to support 
thymectomy in those with MuSK antibody-positive 
myasthenia gravis. However, most experts would 
also consider thymectomy for patients with general-
ized myasthenia gravis who are “triple seronegative” 
(without antibodies to AChR, MuSK, or LRP4). 
This appears to be supported by evidence of similar 
benefi ts in both AChR antibody-positive and AChR 
antibody-negative myasthenia gravis subgroups.50 
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Thymectomy for patients with strictly ocular myas-
thenia gravis is controversial.

 Although the surgery employed in the MGTX trial 
was traditional extended transsternal thymectomy via 
a median sternotomy, this has largely been replaced 
by less invasive procedures including video-assisted 
and robotic-assisted thymectomy via a transthoracic 
approach, and extended transcervical thymectomy 
through a low horizontal neck incision. Retrospec-
tive studies have shown similar clinical outcomes 
from the different surgical techniques.51,52 The major 
advantages of less invasive surgical approaches relate 
to their lower postoperative complication rates and 
shorter length of stay in the hospital.

 ■ HOW CAN MYASTHENIC CRISIS BE PREVENTED, 
RECOGNIZED, AND TREATED?

A myasthenic crisis is a life-threatening worsening 
of myasthenia gravis-related respiratory or bulbar 
muscle weakness that is severe enough to necessitate 
intubation or mechanical ventilation, or both.30 If a 
patient has marked dysphagia, managing saliva and 
other oropharyngeal secretions can become diffi cult 
and the risk of aspiration is high. 

Key measures in preventing myasthenic crisis 
are consistent disease control (including adherence 
to the medication regimen and careful weaning 
from immunosuppressants) and avoiding triggers or 
precipitants.

Recognizing myasthenic crisis
Most patients with myasthenic crisis do not present 
with respiratory insuffi ciency alone. Rather, neuro-
muscular respiratory weakness usually occurs in the 
context of already worsening generalized or bulbar 
weakness, or both. Therefore, clinical features indi-
cating signifi cant worsening defi cits in these areas 
may provide warning signs.

Of note, classic features of respiratory distress 
such as use of accessory muscles of respiration may be 
blunted during a myasthenic crisis, so these should 
not be overly relied upon. Orthopnea is a more 
specifi c feature than dyspnea, indicating signifi cant 
neuromuscular respiratory weakness (especially of 
the diaphragm). Signifi cant weakness in neck fl exors 
and shoulder external rotators also typically correlates 
with respiratory muscle weakness.53 

A screening test that can be done at the bedside 
or over the telephone is the single-breath counting 
test.54 The patient is asked to take a deep inspiration 
and on subsequent expiration count from 1 onwards 
at a routine speaking pace (about 2 counts per second) 

until they need to take another breath. Inability to 
count to 20 with a single breath indicates signifi cant 
respiratory weakness.

However, more formal spirometric measures 
are ideal, and the “20-30-40 rule” should be kept in 
mind.53 This means that patients should be admitted 
or transferred to the intensive care unit for airway and 
respiratory management if vital capacity falls below 
20 mL/kg, if the maximal inspiratory pressure (also 
known as negative inspiratory force) becomes less 
negative than −30 cm H2O, or if the maximal expi-
ratory pressure falls below 40 cm H2O. Intensive care 
may also be warranted if the values are falling quickly 
(> 30% over 24 hours). It is very important that spi-
rometry be done with a well-fi tting face mask instead 
of a mouthpiece when there is signifi cant weakness of 
facial muscles (particularly orbicularis oris), causing 
poor seal.

Measures of oxygenation, including pulse oxim-
etry and arterial partial pressure of oxygen, are less 
helpful than those for carbon dioxide retention 
because of the prevailing mechanism of ventilatory 
compromise.

TABLE 2
Treatments on the horizon
for myasthenia gravis

Complement inhibitor
Zilucoplan

Neonatal Fc receptor inhibitors
Batoclimab
Nipocalimab
Rozanolixizumab

B-lymphocyte depletion therapy
Obinutuzumab
Ofatumumab
Ublituximab
Blinatumomab
Inebilizumab

Cytokine inhibitor
Tocilizumab

Janus kinase inhibitors
Ruxolitinib
Baricitinib
Tofacitinib

Hematopoietic stem cell transplantation

Chimeric antigen receptor T-cell therapy
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Managing myasthenic crisis
Managing myasthenic crisis entails optimizing medical 
management of intercurrent medical illness (including 
infections), removing any culprit medications, and 
giving aggressive immunotherapies aimed at quickly 
improving neuromuscular junction transmission. 

The main therapies are plasmapheresis (also 
known as plasma exchange) and intravenous immu-
noglobulin, but usually not both. Both plasmapher-
esis and intravenous immunoglobulin may begin to 
produce clinical improvements within several days. 
However, since their effi cacy may start to wane within 
a few weeks, concomitant augmentation of baseline 
immunotherapy (eg, corticosteroids) is needed. Anti-
cholinesterase medications are generally withheld 
during a myasthenic crisis, especially if the patient 
has to be intubated, since discontinuation will reduce 
oropharyngeal secretions and aspiration risk.

Although general principles of weaning and extu-
bation apply to those intubated and mechanically 
ventilated for myasthenic crisis, one should be mindful 
of more specifi c considerations. In particular, there 
should be a consistent reassuring trend in oropharyngeal 
secretion clearance and pulmonary function parameters 
(vital capacity > 15 to 20 mL/kg, maximal inspiratory 
pressure more negative than –25 to –30 cm H2O) before 
weaning and attempted extubation. The best approach 
utilizes daily spontaneous breathing trials after initiation 
of intravenous immunoglobulin or plasmapheresis treat-
ment.55 Persistent neck fl exor weakness may indicate a 
lower likelihood of successful extubation.

 ■ WHAT NEW TREATMENTS ARE ON THE HORIZON?

The complement inhibitors eculizumab and rav-
ulizumab and the neonatal Fc-receptor blocker 
efgartigimod have been recently approved by the 
US Food and Drug Administration for treating 
AChR antibody-positive myasthenia gravis, and 
many newer treatments with various mechanisms of 
actions are being studied (Table 2). Several of them 
(including rozanolixizumab and zilucoplan) have 
had positive results in phase 3 trials.56

The newer immunotherapies are generally more 
selective in their immunologic targets than the older 
ones. Accordingly, they have the advantage of caus-
ing fewer adverse effects, including life-threatening 
infections. However, they are very expensive, and a 
major drawback is their “fi nancial toxicity.” For many 
patients, the older broad-spectrum immunotherapies 
will remain a key component of treatment due to lower 
cost, ease of use, and potential of inducing remission. 
Nonetheless, the pace of major therapeutic innova-
tions in the fi eld is unprecedented, and the future of 
myasthenia gravis treatment is promising.      ■
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