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Introduction
 Chronic autoimmune disorder 
 Estimated prevalence of MG in the general 

population ranges from 15 to 179 per 1,000,000
 Estimated incidence rates range from 1.7 to 21.3 

per 1,000,000
 Bimodal distribution – young females and older 

men

Principles for treatment
 Consider a medication which would not reduce 

fertility or harm the development of the fetus. 
 Before initiating any such treatment in patients 

in this age range, pregnancy status should be 
elicited. 

 Selection of the appropriate treatment option 
requires balancing the risk of exposure to the 
fetus versus the risk of MG worsening/crisis.

Impact of pregnancy on MG
 The clinical course of MG during pregnancy varies from one 

patient to another and even between pregnancies in the 
same patient. 

 Different studies report varying effects of pregnancy on MG:
− 19-50% will experience their MG worsening, 
− 30-59% will remain stable, and 
− 20% will improve. 

 A single observational study suggested possible predictors 
for the course of MG during pregnancy: the MG composite 
score (MGC), duration of MG prior to pregnancy, and results 
of repetitive nerve stimulation (RNS).

 Exacerbations of symptoms mostly occur in the first or 
second trimesters or after delivery.

Impact of MG on pregnancy
 MG is not known to affect pregnancy significantly. 

 Some studies have shown preterm premature rupture of 
membranes and increased incidence of cesarean section due 
to uterine inertia, whereas other studies did not show similar 
adverse effects on the course of pregnancy or mode of 
delivery.

 There are only 11 reported cases of MG with severe 
preeclampsia reported thus far in the literature.

 Bone marrow suppression during pregnancy has been 
reported in an MG patient.

 Higher maternal mortality is associated with shorter disease 
duration prior to pregnancy, and this could be due to less 
than full optimization of MG treatment.
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Pre-pregnancy Counseling and 
Medical Care
 Ideally, no medications other than prenatal vitamins should be 

taken

 Careful pregnancy planning is strongly recommended to optimize 
fetal health. 

 Effective methods of contraception should be utilized when not 
considering pregnancy 

 In addition to general nutritional advice and prenatal care, 
counseling includes evaluating medications for their effect on 
fertility and stopping or switching maintenance MG medications 
that may have adverse effects on the fetus. 

 Since no set guidelines exist for optimum timing for discontinuing 
immunosuppressive medications prior to conception, 
pharmacokinetics of the drug are used to determine that interval.

Medications used in MG
 The medications typically used in patients with 

MG include 
− pyridostigmine, 
− prednisone, 
− steroid sparing immunosuppressants such as 

Azathioprine (AZA) and Mycophenolate. Less 
commonly methotrexate, tacrolimus, cyclosporine, 
cyclophosphamide, rituximab and Eculizumab.

Effect of Medication on Fertility
 Pyridostigmine and corticosteroids do not have a negative impact 

on fertility.

 Azathioprine 
− Does not alter fertility in men or women, though has been 

linked to mutagenesis in sperm. 
− For treated males, it has been recommended to stop AZA 3 

months prior to conception (which is equivalent to 1 cycle of 
spermatogenesis); however, there are conflicting data that 
suggest it may be safe to continue AZA.

− If there is a question about starting AZA in the male partner of a 
couple contemplating pregnancy, referral to a geneticist and/or 
sperm cryopreservation should be considered. Furthermore, 
ultrasound survey of the fetus is recommended if conception is 
by a treated father.

Effect of Medication on Fertility
 Mycophenolate

− No data are available on fertility in males treated with MMF. 
− Pregnancy outcomes are similar for ones fathered by patients 

treated with MMF as compared to general population.
− Female fertility has not been reported to be affected, though 

MMF has significant teratogenic effect on the fetus.

 Methotrexate 
− May have negative effects on spermatogenesis and is known to 

cause mutagenesis. This mutagenic effect reverses in about 3 
months after discontinuation of treatment.

− In women, fertility is not affected; however, the drug has a 
teratogenic effect on the fetus.

Effect of Medication on Fertility
 Cyclophosphamide has been shown to reduce 

ovarian reserve in a dose-dependent manner.
 Cyclosporine 

− Not associated with reduction in female fertility. 
− Doses higher than 2 mg/kg/day in men can cause 

asthenoteratospermia (malformed sperm with 
reduced motility); but no effect is reported in lower 
doses. 

 Tacrolimus has not been reported to affect 
fertility.

Drugs to be discontinued prior 
to conception
 Mycophenolate – at least 6 wks prior 
 Methotrexate – at least 3-4 months prior
 Cyclophosphamide – at least 3 months prior 
 Azathioprine – at least 3 months prior
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Interaction with Oral 
Contraceptives
 There are no reports linking MG medications with 

reduced efficacy of oral contraceptives. 
 Estrogen based contraceptives can increase the levels 

of tacrolimus, thus increasing the chances of toxicity.

Ref: 
Ghadimi M, Dashti-Khavidaki S, Shahali M, Gohari M, Khatami MR, Alamdari A. Tacrolimus interaction with oral oestrogen 
in kidney transplant recipients: a case control study. J Clin Pharm Ther 2018;43(4):513-518.

Role of Thymectomy
 Thymectomy is a standard treatment offered to patients 

with acetylcholine receptor (AChR) antibody MG. 
 Patients who have undergone thymectomy are less 

likely to have MG exacerbations during pregnancy as 
compared to mothers who have not had thymectomy. 

 Incidence of neonatal MG is also less in infants with 
mothers who have had the thymus removed. 

 Thymectomy should be considered in women prior to 
considering a future pregnancy.

Ref: 
Eden RD, Gall SA. Myasthenia gravis and pregnancy: a reappraisal of thymectomy. Obstet Gynecol 
1983;62(3):328-333.

Medication Labeling for Use 
During Pregnancy
 In the older system of drug classification by the Food 

and Drug Administration (FDA), most of the MG 
medications were categorized as either Class C or D, 
with the exception of methotrexate which was 
categorized as X. 

Pyridostigmine

 Pyridostigmine has not been shown to cause teratogenicity 
in animal models, and there are no adequate and well-
controlled human studies. 

 This provides symptomatic relief, same as in non-pregnant 
MG patients. 

 Maximum recommended dose for pyridostigmine is less 
than 600 mg/day.

 Intravenous cholinesterase inhibitors should be avoided as 
they can cause premature labor.

Prednisone/prednisolone
 Prednisone/prednisolone is often the sole immunosuppressant 

used through the course of pregnancy in patients with MG. 

 Prednisone and prednisolone get inactivated by the placenta, 
reducing the exposure to the fetus.

 Premature rupture of membranes and intrauterine growth 
retardation may occur.

 Cleft lip and palate have been inconsistently associated with 
maternal use of corticosteroids during early pregnancy.  

 Use of corticosteroids increase the risk for development of 
gestational diabetes and hypertension in the mother.

Azathioprine
 AZA crosses the placenta, where it is metabolized to an inactive 

metabolite, thiouric acid. 

 Old FDA pregnancy classification assigned to AZA was category D, 
however, it has been successfully used during pregnancy without 
significant issues. 

 Sporadic malformations including cardiac septal defects have been 
reported, though a specific pattern of congenital malformations 
has not been seen.

 Increased risk of preterm delivery and low birth weight infants. 

 Various other studies report of use of AZA during pregnancy for 
other autoimmune disorders without increased risk of congenital 
malformations.

Ref: 
Goldstein LH, Dolinsky G, Greenberg R, Schaefer C, Cohen-Kerem R, Diav-Citrin O, et al. Pregnancy outcome of women exposed to azathioprine during pregnancy. 
Birth Defects Res A Clin Mol Teratol 2007;79(10):696-701.
Schramm C, Herkel J, Beuers U, Kanzler S, Galle PR, Lohse AW. Pregnancy in autoimmune hepatitis: outcome and risk factors. Am J 

Gastroenterol 2006;101(3):556-560.
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Mycophenolate mofetil
• MMF is a reversible inhibitor of inosine phosphate dehydrogenase. 

• Readily crosses the placenta and is linked with increased incidence of 
spontaneous abortions and congenital malformations. 

• An embryopathy (termed EMFO tetrad) is associated with the use of 
MMF : 

• ears: microtia and auditory canal atresia; 
• mouth: cleft lip and palate;
• fingers and toes: brachydactyly fifth fingers and hypoplastic 

toenails; and 
• organs: cardiac, renal, central nervous system (CNS), diaphragm, 

and eyes. 

• Due to these teratogenic effects, the drug has a 
against its use in women of childbearing potential.

Ref:  1.  Merlob P, Stahl B, Klinger G. Tetrada of the possible mycophenolate mofetil embryopathy: a review. Reprod Toxicol 2009;28(1):105-108.
2. Coscia LA, Armenti DP, King RW, Sifontis NM, Constantinescu S, Moritz MJ. Update on the teratogenicity of maternal mycophenolate mofetil. 

 J Pediatr Genet 2015;4(2):42-55.

Cyclophosphamide
 Teratogenic effect on the developing fetus. 
 It is and is 

associated with severe embryopathy including 
craniofacial abnormalities, developmental delay, and 
distal limb defects. 

 Use in the latter part of pregnancy is also associated 
with fetal harm and should be taken with extreme 
caution.

Ref:
Enns GM, Roeder E, Chan RT, Ali-Khan Catts Z, Cox VA, Golabi M. Apparent cyclophosphamide (cytoxan) embryopathy: a distinct 
phenotype? Am J Med Genet 1999;86(3):237-241

Methotrexate
 Contraindicated during pregnancy and lactation. 
 At high doses, methotrexate works as an abortifacient. 
 At lower doses, associated with significant fetal loss and 

fetal malformations. 
 Aminopterin syndrome characterized by CNS 

malformations, skull defects, facial and limb 
deformities, and cardiovascular abnormalities.

Ref: 
Dawson AL, Riehle-Colarusso T, Reefhuis J, Arena JF; National Birth Defects Prevention Study. Maternal exposure to methotrexate and birth 

defects: a population-based study. Am J Med Genet A 2014;164A(9):2212-2216.
Del Campo M, Kosaki K, Bennett FC, Jones KL. Developmental delay in fetal aminopterin/methotrexate syndrome. Teratology 1999;60(1):10-12

Anti-calcineurins: cyclosporine 
and tacrolimus
 Cyclosporine - Associated with preterm labor and low birth weight 

infants. 
− No specific congenital malformations have been reported. 

 Tacrolimus use during pregnancy has been studied in transplant 
recipient population. Though it readily crosses the placenta, no 
major congenital malformations are reported. 

 Preterm labor and low birth weight infants are the commonly seen 
adverse effects of exposure to tacrolimus prior to and during 
pregnancy. 

 Transient neonatal hyperkalemia and renal impairment can occur, 
with spontaneous resolution. Renal function and potassium levels 
should be monitored in such neonates.

Rituximab
 Rituximab is reserved for use in patients with severe 

myasthenic weakness requiring frequent use of rescue 
treatments with either intravenous immunoglobulin
(IVIg) or plasma exchange (PE). 

 Limited data available regarding its use in pregnancy. 
 It is generally accepted that due to the long half-life of 

the medication, pregnancy should be avoided for 1 year 
after treatment as hematological abnormalities can be 
seen in the fetus. 

 No malformations have been reported.

MG Crisis During Pregnancy
 Worsening of MG symptoms and MG crisis can occur during the 

course of pregnancy necessitating use of rescue treatments. 

 There are no data available regarding the incidence of MG crisis 
specifically during pregnancy. 

 In general, MG exacerbations during pregnancy and the 
postpartum period are reported to be between 19-50%. 

 The workup for MG crisis is the same as in non-pregnant.

 Though there are no studies or reports about the effect of MG crisis 
on the fetus, acute respiratory failure in the mother carries a high 
risk of maternal morbidity and mortality.
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MG Crisis During Pregnancy
 The treatment for MG crisis in a pregnant patient is the same as in a 

non-pregnant patient, with stabilization of airway and cardiac 
parameters as well as consideration of either IVIg or PE. 

 Both treatments, along with monitoring for usual adverse events, 
can be safely performed during pregnancy. 

 Hypercoagulability, flu-like symptoms, fluid overload, and renal 
functions need to be monitored when using IVIg as the treatment 
option.

 With PE, monitoring for hypotension, infection, and fluid shift is 
recommended. 

 No increase in adverse effects is seen with either procedure during 
pregnancy.

Labor and Delivery
 For women who develop pre-eclampsia, monitoring of blood 

pressure and seizures, with appropriate treatment is very 
important.

 Typically, in non-MG patients, IV magnesium is the first line of 
treatment. Use of magnesium can result in worsening of MG 
symptoms. 

 Magnesium should be used judiciously with the clear understanding 
that it may precipitate crisis. 

 Preferred treatment includes phenytoin or diazepam/lorazepam for 
seizure prophylaxis.

 Control of hypertension can be achieved with use of hydralazine. In 
refractory cases, labetalol may be used with close monitoring of 
the MG.

Labor and Delivery
 Vaginal delivery is recommended for women with MG. 

 The first stage of active labor involves uterine smooth muscle 
contractions. 

 The second stage of labor - uterine contractions continue, however, 
further movement of the baby in the birth canal is aided by 
voluntary contraction of the pelvic floor muscles. 

 These muscles can get fatigued if the labor is prolonged, requiring 
assistance in vaginal delivery with vacuum suction extraction or 
forceps, or surgical intervention with a cesarean section. 

 In a population-based cohort study over 30 years, Hoff and 
colleagues reported increased use of elective cesarean section in 
patients with MG over time and reduced use of forceps and 
vacuum.

Labor and Delivery
 Presence of MG, in itself, is not an indication for performing a 

cesarean section. It should be performed only for obstetrical 
indications. 

 MG severity, including respiratory status, may need to be taken into 
account when determining the mode of delivery.

 Pulmonary function status evaluation prior to delivery should be 
considered. 

 A careful monitoring of respiratory distress and bulbar and 
muscular weakness during labor and puerperium is warranted to 
expeditiously diagnose and treat an impeding myasthenic crisis.

Anesthetic Management
 Adequate pain control may have a positive effect on muscle 

fatigue, and this potentially could reduce cesarean section rates. 

 No studies have evaluated the impact of pain control on the mode 
of delivery; however, it is plausible that reducing muscle fatigue 
and stress of delivery could positively impact the outcome. 

 Epidural analgesia can be safely used during labor and delivery.

 Vaginal delivery with regional anesthesia is a preferred method for 
well-controlled patients or those with mild-to-moderate disease 
categories. 

 Of the regional anesthesia, epidural anesthesia over spinal is 
preferred.

Anesthetic Management
 Amide local anesthetics are better with regard to safety 

as concomitant use of acetylcholinesterase inhibitors 
does not impact their metabolism. 

 Ester type anesthetic agents, which are often used 
during labor, are rapidly hydrolyzed by plasma 
cholinesterase, and in patients on cholinesterase 
inhibitors, maternal and fetal toxicity may be enhanced.
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Anesthetic Management
 If cesarean section is warranted, epidural block may still be used. 

 Presence of pre-existing respiratory impairment and superimposed 
effect of high spinal motor block needs to be considered. 

 Patients with mild MG without respiratory compromise or purely 
ocular MG may be best suited for spinal or epidural anesthesia. 

 Presence of MG is not an indication for cesarean section by itself, 
however, the severity of symptoms especially the bulbar and 
respiratory muscle weakness needs to be considered along with 
obstetrical indications. 

Anesthetic Management
 Patients with severe bulbar and respiratory weakness should have 

cesarean section performed under general anesthesia.

 Induction and maintenance of anesthesia with inhalational agents 
(isoflurane, sevoflurane) or IV propofol and fentanyl should be 
considered. 

 Use of neuromuscular blockers should be avoided unless absolutely 
necessary. 

 Sugammadex has been used successfully to reverse neuromuscular 
blockade if neuromuscular blocking agents are used.

Postpartum Care For Mother 
And Child
 Transient Neonatal MG

− Weakness in sucking and swallowing resulting in feeding 
difficulty, weak cry, and poor muscle tone as well as respiratory 
difficulty can be seen in up to 20% of infants born to mothers 
with MG. 

− Caused by passive transfer of AChR or muscle specific kinase 
antibodies through the placenta.

− Symptoms present within 3 days of birth and may last for a few 
months. 

− Diagnosis is suggested by history and confirmed by 
electrodiagnostic testing with abnormal RNS and detection of 
pathogenic antibodies in the neonate. 

Transient Neonatal MG
− Neither severity of disease in the mother nor 

antibody titers correlate or predict the occurrence of 
neonatal MG. 

− Thymectomy has a favorable influence in lowering 
the risk of neonatal MG in the subsequent 
pregnancies.

− The symptoms respond well to the use of 
cholinesterase inhibitors and resolve spontaneously.

Postpartum Care For Mother 
And Child
 The transplacental influx of antibodies into fetal 

circulation may result in decreased fetal 
movements, sometimes leading to congenital 
arthrogryposis multiplex.

 There is no association of this rare complication 
to the severity of the MG in the mother. 

 There is a higher risk of recurrence of 
arthrogryposis multiplex in subsequent 
pregnancies and in siblings.

Postpartum Care For Mother 
And Child
• Lactation

• AZA metabolites are present in very low quantities in breast milk.
• Infants ingesting such breast milk have not been reported to 

have any adverse effects. 
• Based on available data, use of AZA is not contraindicated during 

lactation.
• MMF - No data are available for excretion of MMF in breast milk or 

its effect on infants. 
• Given the lack of available data, breast feeding is not 

recommended in patients treated with MMF. 
• Patients should not be started on MMF till weaning has been 

achieved. 
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Lactation
• Lactation is contraindicated with concurrent use of   

cyclophosphamide. 
• Cyclosporine is excreted in breast milk but is absorbed in  

minimal amounts by infants after consumption. 
• No nephrotoxicity has been reported in a case series.

• Methotrexate is excreted in very small amounts in breast 
milk. The effect on infants exposed to the methotrexate in 
breast milk is unknown, however, breast feeding is not 
recommended till more data are available. 

• Tacrolimus is excreted in low quantity in breast milk. Per 
the available data, breast feeding is not contraindicated in 
women on tacrolimus.

Conclusion
• Managing MG in women of childbearing age requires the clinician to be cognizant 

of the challenges of this complex situation. 

• Treatment planning starts even prior to contemplation of pregnancy as the choice 
of medication may impact the patient’s fertility and chances to successfully 
conceive. This is important when treating both women as well as men with MG. 

• Thymectomy should preferably be performed in suitable cases, prior to 
conception. 

• When contemplating pregnancy, immunosuppressive medications need to be 
optimized which may require switching to a different medication. 

• Monitoring both the pregnant MG patient for disease activity and fetal 
development is mandatory and can be achieved with a multidisciplinary 
approach. 

• Vaginal delivery is the preferred mode of delivery, and cesarean section should be 
undertaken when indicated for obstetrical reasons. 

• After delivery, the child should be monitored for self-limiting neonatal MG.
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