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Abstract
Myasthenia gravis (MG) is an immune-mediated potentially treatable disease in which rapid diagnosis and proper treatment can 
control symptoms. Treatment should be individualized in each patient according to distribution (ocular or generalized) and severity 
of the weakness, antibody status, thymus pathology, patient comorbidities, and preferences. A group of Iranian neuromuscular 
specialists have written these recommendations to treat MG based on national conditions. Four of the authors performed an 
extensive literature review, including PubMed, EMBASE, and Google Scholar, from 1932 to 2020 before the central meeting 
to define headings and subheadings. The experts held a 2-day session where the primary drafts were discussed point by point. 
Primary algorithms for the management of MG patients were prepared in the panel discussion. After the panel, the discussions 
continued in virtual group discussions, and the prepared guideline was finalized after agreement and concordance between the 
panel members. Finally, a total of 71 expert recommendations were included. We attempted to develop a guideline based on Iran’s 
local requirements. We hope that these guidelines help healthcare professionals in proper treatment and follow-up of patients 
with MG.
Keywords: Consensus, Myasthenia Gravis, Iran, Therapy
Cite this article as: Nafissi S, Okhovat AA, Sinaei F, Ansari B, Ayramloo H, Basiri K, et al. Iranian consensus recommendations for 
treatment of myasthenia gravis. Arch Iran Med. 2022;25(1):37-49. doi: 10.34172/aim.2022.07

*Corresponding Author: Shahriar Nafissi, MD; Neuromuscular Department, Shariati Hospital, Tehran University of Medical Sciences, Iran. Tel: + 98-21-84902224; 
Fax: + 98-21 88633039; Email: nafisi@tums.ac.ir, nafissishahriar@gmail.com

10.34172/aim.2022.07doi

ARCHIVES OF

IRANIAN
MEDICINE

Introduction
Myasthenia gravis (MG) is an auto-immune 
neuromuscular junction disorder manifested by weakness 
of the extraocular, limb, bulbar, and respiratory muscles. 
Its prevalence is approximately 1 in 5000. Although MG 
can affect patients of all ages, the prevalence is higher in 
young women and older men. Over the past 50 years, an 
increasing number of patients are being diagnosed due to 
better diagnostic tools and more patients are surviving 
due to improved treatment options and increased life 
expectancy.1 

Treatment should be individualized in each patient 
according to distribution (ocular or generalized) 
and severity of the weakness, antibodies status, 
thymus pathology, patient comorbidities, and patient 
preferences.2,3 For MG patients refractory to conventional 
immunosuppression therapy, biologic agents such as 
monoclonal antibodies are highly promising.4–6 A group 
of Iranian neuromuscular specialists have written these 
recommendations for the treatment of MG based on 
national conditions.

Diagnosis
Based on age, the presence and type of antibodies, the 
pathology of the thymus, and the region of muscles 
involved in MG, the patients are divided into the following 
categories:
1. Ocular MG
2. Early-onset generalized non-thymomatous ACR-

positive MG
3. Late-onset generalized non-thymomatous ACR-

positive MG
4. Thymomatous MG
5. Muscle-specific tyrosine kinase (MuSK)-positive MG
6. Generalized seronegative MG

MG is assumed in patients complaining of diurnal 
variation of muscle weakness. When there is a clinical 
diagnosis of MG, the diagnosis should be confirmed by 
paraclinical assays. These include electrodiagnostic studies 
(EDX), pharmacologic testing, and serum antibodies 
assay. EDX includes slow (2 to 5-Hz) repetitive nerve 
stimulation (RNS) and single-fiber electromyography 
(SFEMG). EDX is beneficial in double-seronegative MG 
patients.7 The most sensitive test for diagnosis of MG is 
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SFEMG, and, when studied in weak muscles, positive 
results are recorded in nearly all patients. However, an 
abnormal SFEMG (increased jitter or blocking) is not 
specific for MG and, apart from other diseases of the 
neuromuscular junction, can be found in motor neuron 
disease or myopathies.8

A positive response to ChEIs (Tensilon test), as 
unambiguous quantifiable muscle weakness improvement, 
strongly supports MG’s diagnosis although it is not 
specific. The positive responses to the edrophonium test 
are around 90% in MG.9 In MuSK MG, ChEI injection is 
often unsuccessful, provokes cramp and fasciculations, and 
may even induce clinical worsening.10 A positive Tensilon 
test can be seen in congenital myasthenic syndromes, 
Lambert-Eaton myasthenic syndrome, Amyotrophic 
lateral sclerosis (ALS), and Guillain-Barré syndrome.11

Serological testing is one of the diagnostic tools in a 
patient suspected of having MG. AChR-binding antibodies 
to MG are highly specific (97%–99%) 12and are positive 
in about 80% of generalized MG patients, and 50% of 
patients with ocular MG.1 In very rare conditions, false-
positive results have been seen including in some patients 
with Guillain-Barré syndrome, asymptomatic thymoma, 
and patients with ALS.1,13 If AChR antibodies are negative, 
MuSK antibodies are tested that are present in around 
one-third of seronegative generalized MG patients.14 
In approximately 15%-20% of patients, both antibodies 
are negative (double seronegative). Antibodies to low-
density lipoprotein receptor-related protein 4 (LRP4) and 
agrin have been described in some double seronegative 
patients.15,16

Methods
A group of neuromuscular experts with particular interest 
and experience in the management of MG participated in 
developing this guideline. Search terms were created. Four 
of the authors performed an extensive literature review, 
including PubMed, EMBASE, and Google Scholar, from 
1932 to 2020 before the central meeting to define headings 
and subheadings. Each panel member prepared a draft on 
an assigned heading before the consensus session.

The experts held a 2-day session where the primary 
drafts were discussed point by point. Primary algorithms 
for the management of MG patients were prepared in the 
panel discussion. In case of discordance, the matter was 
subjected to vote and settled once more than two-thirds 
of the participants voted positively. After the Panel, the 
discussions continued in virtual group discussions, and 
the prepared guideline was finalized after agreement and 
concordance among the panel members.

Treatment
Symptomatic Treatment
The efficacy of ChEIs in treating MG has not yet been 
evaluated in a randomized controlled trial (RCT). However, 
there are observational studies, including case series and 
daily clinical experiences, regarding the beneficial effect of 

this drug in MG.17 There is only one RCT to compare the 
effects of intranasal neostigmine and placebo in MG with 
significant clinical and electromyographic improvement 
for intranasal neostigmine.18 Pyridostigmine is started 
at a 30-60 mg dose three times daily. The dosage is then 
gradually increased to keep the symptoms minimum, 
with a maximum dose of 120 mg every three hours (960 
mg/d).2 For pediatric use, the initial prescription is 0.5 to 
1 mg/kg, and the highest daily dose is 7 mg/kg separated 
into five to six doses.19,20 Improvement does not occur on 
pyridostigmine in some MuSK-MG patients, and standard 
doses may cause marked nicotinic side effects, such as 
diffuse fasciculations and cramps.21

In patients with mild symptoms, ChEIs may suffice as 
the sole treatment.2 Typically, generalized MG patients 
need pyridostigmine with prednisone for adequate clinical 
improvement.2 Corticosteroids or immunosuppressive 
therapy should be initiated in all patients with MG who 
have not received adequate pyridostigmine improvement 
after optimal dosing.3 

Recommendations
•	 ChEIs should be tried as the initial treatment for all 

subtypes of MG.
•	 Particular caution should be made in patients with 

myasthenic crisis and MuSK MG.
•	  All ChEIs are stopped while the patient is intubated. 

However, some experts believe ChEIs might be 
continued if excessive bronchial secretions are not a 
significant concern. 

•	 We prefer to initiate immunomodulation therapy 
if 240 mg of daily pyridostigmine does not achieve 
adequate symptom control.

•	 We suggest starting pyridostigmine 30-60 mg three 
times daily and then level up the dose gradually to 
keep the symptoms to a minimum, with a maximum 
dose of 120 mg every three hours (960 mg).

•	 Pyridostigmine dose should be adjusted as 
required based on symptoms. The ultimate goal 
of immunotherapy is to improve symptoms and 
minimize the required dose of symptomatic therapy.

Intravenous Immunoglobulin (IVIg) and Plasma 
Exchange (PLEX) 
Several studies have demonstrated the efficacy of IVIg22–29 
and PLEX30-43 in MG. They have been used both in the MG 
crisis or exacerbation,27,28 as maintenance therapies,24,25,44 
in patients who do not tolerate corticosteroids or other 
steroid-sparing drugs or when there is a contraindication.45 
The choice of IVIg or PLEX depends on general 
information of the disorders, the therapeutic effects, and 
the unwanted side effects of each of these approaches.46 
A randomized trial in 1997 comparing IVIg and PLEX 
showed that the myasthenic severity score variation was 
comparable in both groups; however, IVIg tolerance was 
significantly better than PLEX.47 In another retrospective 
study on patients with MG crisis (in 54 crises), PLEX was 
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considerably better in ventilatory improvement at two 
weeks and one-month functional outcome, although with 
a higher complication rate.48

In another study, the efficacy of PLEX vs. IVIg was 
compared in moderate to severe MG (n = 84),49 and 
both were equally effective in reducing QMGS. In the 
meta-analysis (10 articles eligible for the analysis for MG 
patients), PLEX or IVIg were similar in terms of efficacy 
or safety and hospital stay length and ventilatory support 
time.46

Recommendations
•	 PLEX and IVIg are indicated in (1) MG crisis 

(respiratory insufficiency), or severe exacerbation; (2) 
when a patient with significant bulbar or respiratory 
dysfunction is being prepared for an emergent 
surgery; (3) maintenance therapy for the refractory 
forms, or when corticosteroids are contraindicated 
(such as in the patients with uncontrollable diabetes 
mellitus). 

•	 Choosing between PLEX and IVIg should be 
individualized according to each center’s experience, 
availability, cost, and the patient’s condition – e.g. in 
patients with a history of cardio-embolic events or 
renal failure, PLEX may be preferable; however, in 
patients with sepsis, IVIg may be superior to PLEX. 
With PLEX, the risk of hemodynamic instability and 
venous access problems is always a concern. 

Thymectomy
There is general agreement on thymectomy in 
thymomatous-MG2,3; however, for decades, there have 
been controversies about non-thymomatous patients 
due to the lack of randomized controlled trials.50-52 In a 
multi-center, randomized, rater-blinded clinical trial, 126 
AChR + generalized MG patients, aged 18-65 years, were 
randomized to either thymectomy plus prednisone versus 
prednisone alone. The thymectomy arm had a lower score 
in average QMG and lower prednisone dose requirement 
in a 3-year follow-up.53 The extension study evaluated the 
outcome after five years of follow-up. Thymectomy plus 
prednisone continued to confer benefits in generalized 
non-thymomatous AChR + MG patients compared with 
prednisone alone.54 

CT scan with intravenous contrast is the imaging 
modality of choice for assessing thymus abnormalities.2,55 
Thymectomy for MG is an elective surgery; however, it must 
be done as soon as possible in thymomatous patients, and 
it should be done when the patient is in a stable condition. 
The benefit of thymectomy is not immediate and appears 
in the following 1–2 years.56 The current belief is that the 
benefits of thymectomy are most significant if performed 
within the first three years of initial symptoms.57,58 One 
study in Iran showed that early thymectomy (less than one 
year after MG diagnosis) is beneficial.59 Four operative 
procedures are used for thymectomy: (1) Transcervical; 
(2) minimally invasive (video-assisted [VATS] and 

robot-assisted); (3) transsternal; (4) mixed transcervical-
transsternal. VATS and robotic methods seem to profit 
comparable outcomes to more aggressive techniques, 
even in MG with thymoma.60,61 However, it is unknown 
whether the benefit achieved by extended transsternal 
thymectomy can also be achieved by minimally invasive 
approaches such as VATS.51

Recommendations
•	 Chest CT with contrast must be done in all MG 

patients with stable conditions. Chest MRI should be 
considered if the contrast injection is contraindicated. 
Whether MuSK + MG patients require chest imaging 
is not clear

•	 Thymectomy is recommended for generalized non-
thymomatous AchR + MG patients aged 18 through 
65 and all thymomatous MG patients (Figure 1).

•	 In juvenile MG, thymectomy decisions should 
be individualized based on the patient’s clinical 
condition and VATS availability.

•	 There is no consensus on patients with generalized 
MG with double seronegative antibody status. 

•	 Thymectomy is not indicated in MuSK + MG patients. 
•	 Thymectomy is not recommended in patients with 

ocular MG unless there is evidence of thymoma on 
chest CT scan.

•	 In patients with the myasthenic crisis or patients 
with severe weakness and bulbar dysfunction, the 
operation must be performed after stabilization 
(using PLEX, IVIg, or other medications)

•	 It is not clear whether less-invasive methods such as 
VATS are as effective as trans-sternal thymectomy

Immunosuppressive Therapy in Management of MG
Corticosteroids 
Like other autoimmune diseases, immunosuppressive 
therapy is the mainstay of MG treatment, most notably 
with corticosteroids (Algorithm 1). Although the number 
of double-blind, placebo-controlled studies providing 
credible clinical evidence about the effectiveness of 
corticosteroids in MG is limited, many retrospective 
studies have shown its effectiveness in alleviating 
symptoms in more than 80% of myasthenic patients.2,62

Several corticosteroid regimens have been recommended 
for MG. One of the most frequently used regimens is 
high-dose prednisolone (1–1.5 mg/kg/d). In this regimen, 
clinical improvement is expected within 2-4 weeks, 
although complete remission might not ensue until several 
months later. After observing a prompt clinical response, 
the corticosteroid dose would be lowered gradually, at a 
rate of 5–10 mg/mon.1,62 The primary concern with the 
high dose regimen is clinical deterioration in the first few 
days of the treatment. Therefore, the protocol could only 
be administered in an inpatient setting.

The second approach involves low-dose (5–10 mg/d) 
corticosteroids administration with subsequent escalation 
by 5–10 mg weekly until the symptoms are resolved or the 
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maximum dose of 1–1.5 mg/kg/d reached. Corticosteroids 
should be tapered upon the induction of the clinical 
response. The main benefit of this approach is the lower 
occurrence of the above-mentioned initial deterioration, 
though at the expense of delayed remission.1

Some experts have recently pursued a third approach: a 
medium dose of prednisone (e.g. 20 mg/d) is administered 
first. Further escalation will be considered if clinical 
remission is not evident at monthly clinical evaluations. 
Like the two approaches mentioned above, corticosteroids 
should be tapered as soon as induction is achieved.2

As a fourth approach, corticosteroid pulse therapy has 
been used to induce remission in myasthenic patients. 

However, clinical studies are scarce, so pulse therapy has 
not gained much attention as a treatment choice in MG.63 

In patients with ocular or mild forms of MG, 
corticosteroids are used as the sole immunosuppressant.2 
However, most MG patients, especially those with 
moderate and severe disease, will need higher 
corticosteroid doses for long periods. Adverse effects 
might outweigh the benefits in this situation1,2 and 
addition of immunosuppressive drugs is reasonable.

Non-steroidal Immunosuppressive Drugs 
The efficacy of azathioprine (AZT), mycophenolate 
mofetil, methotrexate, tacrolimus, and cyclophosphamide 

Figure 1. Algorithm of MG treatment.
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has been investigated in double-blind placebo-controlled 
clinical trials. 

AZT is the most acceptable steroid-sparing agent in 
MG treatment.64 In a double-blind randomized trial of 
34 patients, the prednisolone dose and clinical outcome 
were assessed over a follow-up period of 3 years in 
patients taking prednisolone and AZT and those taking 
prednisolone and placebo. The placebo group was more 
prone to relapses and failure to remit. 64 Delayed clinical 
response (until at least one year) is believed to be the 
primary concern with the use of AZT and the need for 
periodic liver function and CBC monitoring.2

Mycophenolate mofetil is another potentially effective 
immunosuppressive with the main advantage of a 
favorable safety profile leading to high compliance.1,2 This 
medication is found to be potentially effective by some 
neuromuscular experts, although it has failed to yield 
significant results in 2 clinical trials65,66; however, trial 
failure may be due to a short follow-up period (36 weeks 
in one study and 12 weeks in the other) and simultaneous 
use of prednisolone. Nevertheless, its favorable safety 
profile leading to high compliance makes it a good 
alternative steroid-sparing option.

The methotrexate trial also showed non-significant 
results with a dose of 20 mg weekly over 12 months.67 
The only trial with tacrolimus also showed no significant 
difference between tacrolimus and placebo group over 
28 weeks, although in secondary analyses, some steroid-
sparing effects of tacrolimus were suggested.68

Monthly intravenous cyclophosphamide has been 
investigated in 23 MG patients with poor disease control 
or corticosteroid-related side effects for 12 months. 
Favorable results were achieved in muscle force, steroid 
and pyridostigmine dose reductions, and bulbar muscle 
weakness in the cyclophosphamide group.69

Several clinical trials have been performed on 
cyclosporine between 1987 and 2010, and most of them 
have suggested the efficacy of cyclosporine in MG; 
however, no double-blind placebo-controlled trial could 
be found.70,71 

Monoclonal Antibodies and Emerging Therapies
Rituximab is a newly introduced promising option in 
MG treatment.4-6 The efficacy of RTX in MuSK + MG 
and AchR + MG is well established.72,73 Availability, 
relative safety, and ease of administration of rituximab 
have led to a significant drop in cyclophosphamide use 
in MG. Currently, there is no consensus on the inclusion 
of rituximab as a therapeutic choice in MG. However, 
treatment of resistant disease is probably the main 
indication for rituximab in MG.1,2 

Ocrelizumab is a new generation fully humanized 
anti-CD20 monoclonal antibody, which probably has 
the same effects as rituximab.74 After a successful clinical 
trial of eculizumab (a monoclonal complement inhibitor 
antibody), FDA has approved Soliris for refractory 
generalized AchR + MG.38 This drug is not available in 

Iran yet. Ravulizumab, which binds the complement 
protein C5like eculizumab, is under study in phase III 
clinical trial. Ravulizumab has a longer half-life than 
eculizumab.76

 Zilucoplan is a subcutaneously-administered C5 
inhibitor peptide, and the results of phase 2 trials on 
Zilucoplan have been favorable in reducing QMG and 
MG-ADL.77 Efgartigimod, the neonatal Fc-receptor 
(FcRn) antagonist, shortens IgG half-life.78 In phase II 
clinical trial, all MG patients treated with efgartigimod 
exhibited fast reduction in overall IgG and anti-AChR 
autoantibody levels, and 75% of the patients showed fast 
and long-lasting disease control.78

Ongoing Monitoring in MG Treatment
Laboratory test monitoring during MG treatment differs 
based on the type of immunosuppressant treatment. Bone 
mineral densitometry must be performed in the first six 
months of treatment for all patients above 40 years of 
age and any patients with other osteoporosis risk factors. 
Repeat bone mineral densitometry should be performed 
every 1-3 years during treatment.

Preceding the start of treatment, one must consider if 
vaccinations are needed and laboratory tests should be 
evaluated. Moreover, some laboratory tests are specific to each 
distinct immunosuppressant with regular testing79:

AZT; CBC with differential, creatinine, liver 
function tests (LFTs), Mycophenolate mofetil; CBC 
with differential, Methotrexate; CBC with differential, 
creatinine, LFTs. Rituximab; CBC with differential and 
immunoglobulins before each cycle, hepatitis B PCR 
every 6 months if core antibody (HBc Ab) is positive, 
Cyclosporine; CBC with differential, creatinine, LFTs, 
lipid panel, Cyclophosphamide; CBC with differential and 
creatinine.79

Recommendations
•	 In mild generalized AchR + MG, start treatment 

with ChEIs plus thymectomy if indicated. Add 
prednisolone if symptoms persist or exacerbate after 
thymectomy ( Algorithm 1).

•	 In moderate-severe generalized AchR + MG, start 
treatment with ChEIs plus prednisolone as well as 
thymectomy if indicated.

•	 Add AZT to corticosteroids when: (1) significant 
steroid side effects occur; (2) response to an 
acceptable corticosteroid dose is insufficient; (3) the 
patient is steroid-dependent (relapse of symptoms 
with reduction of corticosteroid dose) with a dose so 
high that long-term maintenance is not acceptable.

•	 If AZT or other immunosuppressives such as 
mycophenolate mofetil, cyclosporine, or tacrolimus 
are ineffective (after 9-12 months of treatment), 
replace with rituximab.

•	 In moderate-severe generalized AchR + MG, when 
waiting for the effect of immunosuppressives, treat 
exacerbations with intermittent IVIg or PLEX.
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•	 If the patient is refractory to previous agents, 
consider monthly IVIg; if non-responsive, consider 
cyclophosphamide, or eculizumab (in non-
thymomatous generalized AchR + MG).

•	 In patients who are contraindicated for corticosteroids, 
it is possible to start immunosuppressive as an initial 
immunosuppressive agent.

•	 After treatment with PLEX/IVIg, in MG crisis, consider 
augmentation of long-term immunosuppression 
with prednisone or other immunosuppressives if 
necessary.

MG Treatment in Specific Settings
Ocular MG
ChEIs alone usually will not resolve the ocular symptoms. 
Most guidelines recommend oral corticosteroids if 
symptoms are functionally restricting or worrying to the 
patient.80,81 A randomized, double-blind trial (EPITOME) 
has reported good results for oral prednisolone in the 
improvement of ocular symptoms.82 A inferior dose than 
in generalized MG (25–30 mg/d) can be often effective.80,81 
Almost one-third of the patients need treatment for a 
long-term period.

Recommendations
•	 ChEIs are recommended as the initial treatment for 

ocular MG.
•	 We recommend corticosteroids at a dose of 25-

30 mg/d in ocular MG unresponsive to ChEIs and 
increasing the dose to 1 mg/kg if the response is not 
optimal. As soon as the optimal response is achieved, 
tapering of corticosteroids should be initiated slowly 
(e.g. 2.5 to 5 mg monthly) to the lowest tolerable dose.

•	 In case of significant residual symptoms, 
corticosteroid-sparing immunosuppressive drugs 
could be required after corticosteroids alone are 
unsuccessful, contraindicated, or not tolerated.

Anti-MuSK and LRP4 Positive MG
MuSK MG is a subgroup of the disease, accounting for 
less than 10% of all MG patients. The dominance of 
cranial, bulbar, and axial muscle involvement and the 
higher likelihood of early respiratory failure give rise to 
an aggressive picture that mandates consequent aggressive 
treatments.83 Some MuSK + MG patients do not respond 
to pyridostigmine.84 Standard doses of pyridostigmine 
frequently bring noticeable nicotinic side effects in these 
subjects, apparent both clinically (diffuse fasciculations 
and cramps) and at electrodiagnosis.21 

Currently, based on pathological and clinical data, 
thymectomy is not recommended in anti-MuSK MG.85,86 

Studies show that MuSK + MG patients respond 
well to steroids and dramatically to PLEX.83 The great 
majority of patients (95 to 100% in different series) need 
immunosuppression therapy.87 In a study by Evoli et al 
on 57 MuSK + patients, most patients (> 90%) needed 
immunosuppressive treatment, and 35 patients were 

treated with one or more courses of PLEX and IVIg. 
The complete remission rate was less than 10%, and 
immunosuppressive treatment had been withdrawn in 
only less than 20% of the patients.88 Rituximab may be a 
promising medication for Anti-MuSK + MG treatment. 
In a recent study on anti-MuSK + patients, 30% of the 
rituximab-treated MG patients used prednisone (mean 
dose 4.5 mg/day) compared to 75% of the controls (mean 
dose 13 mg/d).89

LRP4, a receptor for agrin and an activator of MuSK, 
is expressed in the postsynaptic muscle membrane.90 
LRP4 antibodies have been seen in 2–30% of the MG 
patients without AChR and MUSK antibodies (double 
seronegative), with a female dominance. Most of the 
patients manifest with ocular or generalized mild MG 
(20% of LRP4 + patients with ocular MG), and respiratory 
insufficiency is infrequent in these cases.90 Usually, anti-
LRP4 patients have a mild phenotype, and their treatment 
mostly resembles AchR-Ab patients.90 

Recommendations
•	 ChEIs can be used as the symptomatic treatment of 

patients with MuSK + MG; however, their efficacy 
may be less than AchR-Ab MGs with a greater chance 
of side effects and intolerability. Start AchEIs in 
MuSK patients at lower doses, and warn the patient 
of the possible side effects. 

•	  For MuSK + MG patients with exacerbation or crisis, 
PLEX is preferred over IVIg. 

•	 Most MuSK + MG patients required chronic 
corticosteroids treatment and have a favorable 
response to corticosteroids, but there is usually a 
recurrence of symptoms after tapering.

•	 Many MuSK + MG patients require 
immunosuppressives treatment as an add-on to 
corticosteroids: the immunosuppressive therapy of 
choice is rituximab. The exception is patients with 
mild symptoms and the subgroup that are effectively 
controlled by low dose corticosteroids.

Thymoma and Myasthenia Gravis
Thymoma is the most common mediastinal tumor among 
adults. This tumor mostly occurs between 50 and 65 years 
of age, and there is no meaningful difference between 
the two sexes.91 The occurrence of MG in thymoma 
patients is about 50%, and 15% of MG patients have 
thymoma.92 AchR autoantibody is almost always positive 
in thymoma patients93 supporting the notion that MG is a 
paraneoplastic manifestation of thymoma.93 MG is more 
often related to WHO type B thymoma,94 and it does not 
usually occur in thymus carcinoma, which does not have a 
thymic epithelial origin.95 Ryanodine receptor antibodies 
are present in 95% of thymomatous-MG patients and are 
associated with a more aggressive course.92 Respiratory 
symptoms are more prominent in Titin antibody-positive 
patients than other patients.96

Like non-myasthenic thymoma, thymectomy, 
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radiotherapy, and chemotherapy are the mainstay of 
treatment in myasthenic patients. Radical resection is the 
standard treatment in most cases of thymoma. Different 
approaches, including median sternotomy and VATS, have 
been used for thymectomy in thymoma patients. Although 
current evidence comes from retrospective studies, VATS 
is considered a safe approach in skilled centers. In 2011, 
Zahid et al published a review of 74 papers on comparing 
VATS with median sternotomy. They concluded that 
VATS had superior results in the length of hospital stay, 
perioperative blood loss, and patient’s satisfaction.97 
In 2018, Ersen and colleagues reported no substantial 
difference in perioperative blood loss and surgery 
duration or pain between VATS and median sternotomy. 
However, the chest tube drainage period after surgery and 
hospitalization length were shorter in the VATS group.98 

Radiotherapy ± chemotherapy is also considered in 
stage 2 thymomas with a high risk of recurrence and 
stage 3 and 4 of the tumor when radical resection of 
thymoma is not possible.99,100 In 2011, Romi published a 
review article on the management of thymoma in MG. 
They emphasized that other pharmacological treatments 
like acetylcholinesterase inhibitors, steroids, and steroid-
sparing drugs are used in thymoma MG, like non-
thymoma, for controlling myasthenic symptoms.92

Recommendations
•	 All patients with thymoma, except stage 4b, who 

have diffuse metastasis, should undergo thymectomy 
regardless of MG status if there are no other 
contraindications.

•	 There is no significant difference between VATS and 
medial sternotomy, although because patients tolerate 
VATS better than open surgery, we recommend 
VATS, where there is enough expertise.

•	 Management of myasthenia symptoms and 
maintenance therapy do not vary between 
thymomatous and non-thymomatous MG patients. 
However, thymomatous MG patients have a more 
severe disease course and higher chance of relapse 
and probably more frequent and prolonged use of 
immunosuppressives.

•	 We suggest evaluating the recurrence of tumors in 
refractory patients or cases of relapse.

•	 Follow-up chest CT scan 6–12 months after surgery 
is recommended.

MG in Elderly Patients (Late-Onset MG)
In a large series of late-onset MG, 837 MG patients were 
followed for 22 years, including 172 late-onset MG.101 In 
67 patients treated with prednisone, improvement was 
observed in 76% patients and severe side effects in 18%. In 
46 MG patients who received treatment with prednisone 
plus AZT, improvement was observed in 89% and severe 
side effects in 19.5%. In seven late-onset MG patients 
treated with AZT alone, improvement was recorded in 
five with no side effects.101

Recommendations
•	 In late-onset, generalized AchR + MG (> 65 years), 

start treatment with ChEIs plus AZT with or without 
prednisolone. 

•	 Thymectomy is not recommended unless thymoma 
is suspected

Pregnancy Issues in MG
MG crisis or exacerbation occurs mainly in the 1st 
trimester of pregnancy and postpartum period.102 Several 
studies have shown that pyridostigmine does not cross the 
placenta, and there have been no associations with fetal 
anomalies. The American Academy of Pediatrics considers 
pyridostigmine compatible with breastfeeding.103 
However, intravenous AChEIs may produce uterine 
contractions and should not be used during pregnancy.104

Maintenance corticosteroids on the lowermost feasible 
dose can be maintained in pregnancy,103 and prednisolone 
is the preferred corticosteroid in pregnancy.104 
Patients receiving more than 7.5 mg/d prednisolone 
for more than two weeks before delivery must obtain 
parenteral corticosteroids for stress dose.105 In contrast 
to prednisolone, methylprednisolone is accompanied 
by an increased risk of cleft palate once used in the 1st 
trimester.105 Corticosteroids can be continued during 
breastfeeding. Some experts recommend discarding the 
breast milk for the first four hours after consumption of 
prednisolone dose more than 20 mg.102

Regarding immunosuppressants, AZT has not been 
related to increased rates of congenital abnormalities.106 
Therefore, it seems that AZT is harmless to administer 
during pregnancy and breastfeeding, but the drug dose 
should be below 100 mg/d when possible.107

Mycophenolate mofetil has had teratogenic effects in 
human studies. It is related to 1st trimester abortion, and 
other structural anomalies.108

Methotrexate is contraindicated in pregnancy and 
breastfeeding. In women who plan for pregnancy and are 
using methotrexate, a wash-out period of at least three 
months should be considered before pregnancy.105

Cyclosporine and tacrolimus are not teratogenic. 
However, the risk of gestational diabetes mellitus 
and hypertension increases with tacrolimus use in 
pregnancy.109,110

 IVIg and PLEX are considered to be safe in the treatment 
of acute myasthenic exacerbation during pregnancy.102

According to several studies, vaginal delivery is 
suggested for MG pregnant women.111 Cesarean section 
must be done only for obstetric indications. Some studies 
have suggested avoding general anesthesia and narcotics 
as they can synergistically potentiate AChR antibody 
effects.112

Recommendations
•	 Oral ChEIs are the first choice of treatment for MG 

during pregnancy, and they are safe.
•	 Prednisolone is safe during pregnancy as the first 
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choice of immunomodulation drug with the lowest 
effective dose.

•	  Mycophenolate mofetil, cyclophosphamide, and 
methotrexate are contraindicated during pregnancy.

•	  If immunosuppressive therapy is necessary for 
pregnancy, AZT and cyclosporine are relatively safe 
agents that could be continued during pregnancy 
with the lowest effective dose.

•	 During a crisis, IVIg, or PLEX, could be used in 
pregnancy considering the mother and fetus’s risk-
benefit.

•	 Vaginal delivery is suggested for pregnant MG women 
as the first choice, and a Cesarean section must be 
carried out only for obstetric indications.

Treatment of MG in COVID Era
The fatality rate of the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) in hospitalized adult 
patients is 2%–3%. However, this rate can rise to 11% in 
the elderly and those with underlying comorbidities and 
immunocompromised states such as MG.113,114

Currently, there are limited data on how COVID-19 
infects people with MG. Theoretically, there is a higher risk 
of suffering severe manifestations of COVID-19 owing 
to the frequent use of immunosuppressive drugs and 
potentially oropharyngeal and respiratory weakness.115,116

Therapy choices must be modified and made 
interactively between the patient with MG and physicians.

Recommendations
•	 MG patients must remain their treatment and are 

recommended not to stop any existing medications 
unless accepted by their physician.

•	 We recommend that MG patients even now on 
immunosuppressive treatments must practice face 
masking, extra-attentive social distancing, as well as 
avoiding public meetings and overcrowded public 
transportation. Also, frequent hand-washing and 
use of alcohol-based hand antiseptics should be 
considered.

•	 We recommend continuing symptomatic treatment 
with pyridostigmine as before.

•	 Although IVIg and plasmapheresis probably do not 
increase the risk of contracting the virus, reducing the 
frequency of infusions in stable patients and home 
infusions should be considered.

•	 In the case of corticosteroid use, consider the 
following: Prescribe the minimum required dose that 
prevents flare-ups, do not stop the drug abruptly, give 
the stress dose in the case of acute illness.

•	 For immunosuppressive drugs such as AZT, 
mycophenolate mofetil, cyclosporine, etc., it is 
recommended to continue treatment in patients on 
treatment with these drugs. If clinically plausible, 
delay the administration of new immunosuppressive 
until the epidemic is over.

•	 For B-cell depleting therapies such as rituximab, 

consider alternative treatments if deciding which 
IS to start, injections at longer intervals (especially 
if CD19 counts are lower than 0.5%), or in smaller 
amounts.

Transient Neonatal MG (TNMG)
Ten to 30% of neonates born to mothers with MG 
develop TNMG. Infants with TNMG typically show 
weak cry, poor sucking, or ptosis 12 hours to four days 
after birth that continues from two weeks to several 
months afterwards.117 If the symptoms are transient and 
mild, no treatment is usually required. If symptoms are 
troublesome, pyridostigmine should be considered.118 
One study recommended early treatment with PLEX 
once hydramnios or swallowing weakness in the newborn 
appear.119

Recommendations
•	 All infants with TNMG should be observed and 

examined for evidence of transient myasthenia 
weakness mainly through the first week and should 
have rapid access to neonatal critical care support 
(NICU).

•	 If symptoms are transient and mild, wait and observe 
or try pyridostigmine (Oral: 5 mg each 4 to 6 hours 
IM, IV: 0.05 to 0.15 mg/kg/dose).

•	 In severe cases, start IVIg/PLEX and mechanical 
ventilation when necessary.

•	 Once hydramnios or weakened swallowing in the 
newborn appear, it is required to treat early with 
IVIg/PLEX.

•	 Corticosteroids and immunosuppressive are not 
indicated for TNMG.

Vaccination 
Several placebo-controlled and retrospective studies have 
assessed the safety and efficacy of different vaccines in MG 
patients. Generally, inactivated vaccines are considered 
safe in MG patients. A prospective survey of tetanus 
revaccination showed a lower but significant immune 
response with no increased MG exacerbation risk.120 The 
humoral immune response to diphtheria and tetanus 
vaccinations was comparable with healthy controls in a 
retrospective investigation.121 

Influenza vaccination has proven to be safe in 
retrospective studies, and the only randomized clinical 
trial of the Influenza vaccine in MG patients also 
approved its safety.122 Furthermore, it has been found 
that the risk of aggravating MG after an influenza-like 
illness was more than the risk associated with influenza 
vaccination, supporting routine influenza vaccination in 
MG patients.123 Live-attenuated vaccines must be avoided 
in MG patients on immunosuppressive treatment. 
Preferably, these vaccines should be considered 2 to 4 
weeks before immunosuppressive therapy initiation 124. 
In the case of rituximab planning, vaccination must be 
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programmed before initiating the therapy or postponed 
to at least six months after the drug’s latest cycle.124

Recommendations
•	 Inactivated vaccines can be used in the same way as 

the general population vaccination program. 
•	 Live-attenuated vaccines must be avoided in MG 

patients on immunosuppressive therapy or planned 
to be used 2-4 weeks before immunosuppressive 
initiation.

•	 Vaccination must be programmed before initiating 
rituximab or postponed to at least six months after 
the drug’s latest cycle.

Drugs to Avoid in MG
Different lists of drugs have been proposed to be 
contraindicated in MG according to case reports, in 
vitro studies, or retrospective data.125 Two categories of 
drugs seem to be more critical. The first is drugs and 
conditions known to induce autoimmune MG, including 
D-penicillamine, interferon-alpha and beta, etanercept, 
imiquimod, tandutinib, and immune checkpoint inhibitors. 
The other group is medications with black box warnings of 
FDA, namely botulinum toxin,125 fluoroquinolones (e.g., 
ciprofloxacin and levofloxacin), and telithromycin (i.e., 
Ketek). Other potentially aggravating drugs include125: 
other antibiotics: aminoglycosides (such as gentamycin, 
neomycin), azithromycin, tetracyclines, sulfonamides, 
amino acid antibiotics (polymyxin B), nitrofurantoin, 
clindamycin and lincomycin, colistin, colistimethate; 
cardiovascular drugs, such as verapamil, procainamide, 
bretylium, quinidine, quinine, and oral magnesium; 
antiepileptic drugs, such as phenytoin and barbiturate; 
neuromuscular blocking agents and local anesthetics; 
eye drugs: timolol, betaxolol; psychiatric drugs: lithium; 
iodinated contrast.126

Recommendations
•	 Drugs that induce MG, those with black box warnings 

including injectable magnesium, immune checkpoint 
inhibitors, and botulinum toxin, should be avoided 
in MG patients unless in life-threatening conditions 
when no alternative exists.

•	 Other drugs that need particular caution include: 
fluoroquinolones (e.g., ciprofloxacin and levofloxacin), 
telithromycin (i.e., Ketek), aminoglycosides (such as 
gentamycin, neomycin), azithromycin, tetracyclines, 
sulfonamides, amino acid antibiotics (polymyxin B), 
nitrofurantoin, clindamycin, and lincomycin, colistin, 
verapamil, procainamide, bretylium, quinidine, 
quinine, oral magnesium, phenytoin and barbiturate, 
neuromuscular blocking agents and local anesthetics, 
eye drop (timolol, betaxolol), lithium, iodinated 
contrast

•	 Regarding other drugs that can potentially worsen 
MG, clinical judgment is necessary not to deprive 
patients of receiving appropriate treatments.

Perioperative Considerations
Two retrospective studies have been conducted on MG 
patients preoperatively. One has compared routine 
preoperative PLEX with selective PLEX of severe 
cases.127 The other has evaluated PLEX versus no 
additional treatment in stable patients.128 None showed 
a significant change between the two groups. There is 
no international or regional consensus for perioperative 
management of MG patients to date. The only related 
studies are those evaluating the likelihood of a post-
surgical myasthenic crisis. In one study, it was found that 
patients with a duration of disease more than six years, 
preceding respiratory complaints, pyridostigmine doses 
more than 750 mg/d, and forced vital capacity less than 
2.9 L preoperatively were associated with postoperative 
respiratory failure.129–131

Recommendations
•	 Routine PLEX/IVIg is not indicated in all MG patients 

preoperatively. PLEX is preferred in MG patients with 
moderate to severe manifestations before surgery due 
to its faster onset of action.

•	 Pay special attention to the severity of the disease, 
mainly respiratory function and bulbar symptoms. 

•	 The best time to perform an elective surgery is when 
the patient is in stable conditions.

•	 In emergency surgeries, plasmapheresis should be 
considered in an MG patient with moderate to severe 
manifestations.

•	 Steroid stress dose is similar to other patients taking 
chronic corticosteroids.

•	 Routine pre-treatment with sedative or opioid 
medications should be prohibited as they increase the 
risk of respiratory depression.

•	 Depolarizing neuromuscular blocking agents are 
preferred over non-depolarizing drugs. If non-
depolarizing agents must be used, short- and 
intermediate-acting agents are prioritized. 

•	 Although there is a theoretical increase in the risk 
of vagal responses and the dose of non-depolarizing 
neuromuscular blocking agents by AChEIs, it is 
recommended to keep the same dose of AChEIs in 
stable MG patients perioperatively.

•	 Although AZT and corticosteroids may interfere 
with some anesthetic drugs, theoretically, there is 
no need to change the dose of corticosteroids and 
immunosuppressives in a stable patient.

In conclusion, in this guideline, we attempted to develop 
a guideline based on Iran’s local requirements. We hope 
that these guidelines help healthcare professionals with 
proper treatment and follow-up of patients with MG.
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