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SYNOPSIS 

 

Myasthenia gravis is an autoimmune antibody mediated disease affecting neuromuscular 

junction. The course of myasthenia in pregnancy is unpredictable and the data describing the effect 

of disease and treatment modalities on pregnancy, labour and neonatal outcomes is limited, 

especially from India. 

This study is a hospital based retrospective chart analysis about the effect of pregnancy on 

course on myasthenia gravis and the effect of myasthenia and its treatment on pregnancy, delivery 

and neonatal outcomes. We studied 17 pregnancies of 15 subjects among the 227 females from 

13 to 55 years age diagnosed as myasthenia over a period from 1999 till 2018 in SCTIMST. Data 

was extracted from previous hospital records, obstetric records, and directly from patient through 

a questionnaire. The change in MGFA score was compared between prepregnancy, 1st, 2nd and 3rd 

trimesters and postpartum period and change in clinical status was coded as deterioration, no 

change, remission or improvement. 

One third of patients had ocular myasthenia at onset. Fifty three percent were AchR 

antibody and 2% were MuSK antibody positive. In the prepregnancy stage, all subjects had mild 

weakness indicated by a class I or class II MGFA score. There was a deterioration in MGFA score 

predominantly in the postpartum period (in 4 pregnancies) followed by a worsening in 2 

pregnancies in 2nd trimester and 1 pregnancy in 1st trimester. About 86% of subjects were on 

pyridostigmine, 52% were on oral steroids and 26% on azathioprine during first trimester of 

pregnancy and 43% were on all the three medications together.  Regarding pregnancy outcome, 3 

pregnancies had abortions; 2 spontaneous and 1 induced abortion and 2 subjects with spontaneous 

abortions were on immunomodulation with steroids and azathioprine and also on cholinesterase 

inhibitors. 42.9 % pregnancies were delivered by Caesarian section and among the eight 

spontaneous deliveries, one was assisted delivery and one was preterm delivery. Fetal outcome 



 

 

 

analysis showed poor APGAR scores in two neonates and presumed typical transient neonatal 

myasthenia gravis in 2 babies and there were no congenital anomalies.  

The clinical course of myasthenia is generally unchanged during pregnancy with 

deterioration predominantly occuring in the postpartum period. Adequate treatment and 

monitoring may be helpful in preventing life threatening exacerbations. Myasthenia could have 

an unfavourable outcome on pregnancy like spontaneous abortions or premature rupture of 

membranes. Transient neonatal myasthenia is a concern but has a good prognosis. No adverse 

effects to medictions or any congenital anomalies were noticed in our study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
INDEX 

 

 

i. Introduction                                                          1 

ii. Review of Literature                                             4 

iii. Objectives of the study                         17 

iv. Materials and methods                                         19 

v. Results                                                                    23 

vi. Discussion                                                               47 

vii. Conclusions              55 

viii. References                                                              56 

ix. Appendix                                                                 65 

a. Abbreviations 66 

b. Patient information sheet and consent form 67 

c. Proforma 74 

d. MGFA classification 77 

e. Ethics Committee approval letter  78 

f. Plagiarism Check Report 80 

 

 

 

 



 

1 

 

 

 

 

 

 

 

INTRODUCTION 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2 

 

Myasthenia gravis (MG) is an autoimmune disease affecting the postsynaptic membrane 

at the neuromuscular junction (NMJ) with fatiguable muscle weakness as the predominant 

symptom (1). The disorder is characterized by a decrease of the number of acetylcholine receptors 

in the neuromuscular plates, due to autoantibodies. Muscles innervated by cranial nerves 

especially oculofacial and bulbar muscles are commonly affected although generalised muscle 

weakness can be a presenting feature (2). The disease is two times frequent  in women than in 

men, and young women especially  in the childbearing age group   are typically affected and has 

an impact on pregnancy also (3). During pregnancy, in one third of patients, the disease 

exacerbates, whereas in two thirds no change is present. Worsening commonly occurs in the first 

trimester or in the immediate post partum period (4). 

  Treatment is based on subgroup classification and modalities include acetylcholinestease 

inhibitors, thymectomy and immunotherapy. Intravenous immunoglobulin and plasma exchange 

are used for acute exacerbations and intensive care is necessary during exacerbations with 

respiratory and bulbar failure. Eventhough the clinical course and pathophysiology are well 

studied, comorbidities and the impact on quality of life are significant. 

Signs and symptoms of MG in pregnant women tend to improve during the second and 

third trimesters and complete remission can occur in some patients. The outcome of earlier 

pregnancies does not help in predicting the course of the current pregnancy or the future ones. 

The disease is not associated with sterility, but a noticeably higher incidence of spontaneous 

abortions is observed in the myasthenia patients. Limited data are available on the increased 

incidence of premature labors or preeclampsia in pregnant women suffering from MG. Neonatal 

complications are also noticed after delivery which requires prompt identification and 

management. Treatment is frequently necessary before, during, and after pregnancy to ensure 

maternal and fetal well-being and the challenges posed being the exacerbations and adverse effects 

of medications on fetus (5) (6). However, knowledge of the potential effects of the pregnancy on 
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the course of MG and the use of immunosuppressive (IS) drugs during pregnancy is limited, 

making it difficult for both clinicians and patients to optimise medications. This study is to 

evaluate the effect of pregnancy on the course of myasthenia gravis, the effect of myasthenia 

gravis on the course of pregnancy, on delivery and neonatal outcomes and also the influence of 

drugs for myasthenia on pregnancy outcomes. A comprehensive interdisciplinary approach is 

needed in pregnant patients with myasthenia including neurologist, obstetrician and neonatologist 

so that optimal patient care is ensured (7).  
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BRIEF HISTORY OF MYASTHENIA GRAVIS 

Thomas Willis first described a patient in 1672 with fluctuating limb and bulbar weakness. 

Jolly described one patient in 1895 who presented with fatiguable weakness improved after taking 

some rest and proposed the name “myasthenia gravis pseudoparalytica”. Neostigmine was  first  

used in 1935 to treat myasthenia gravis (8). Acetylchoine receptor antibodies were first identified 

by Lindstorm and colleagues in 1976 (9). Blalock in 1939 reported remission of myasthenia gravis 

in 21 year old patient following thymectomy (10). 

 

EPIDEMIOLOGY AND RISK FACTORS 

The overall prevalence of MG is 150–250 cases per million population and estimated 

annual incidence is 8–10 cases per million person-years(3) (11).The prevalence and incidence of 

each subgroup of MG vary markedly, partly owing to variation in demographics between 

countries (12). The age at onset of AChR MG has a bimodal pattern, with a lower peak at 30 years 

of age and a higher peak at 70–80 years of age (12). In India,however  disease was more common 

in males (M:F ratio of  2.7:1) and had  single peak of age at onset with males sixth to seventh 

decade in males and  third decade in females (13). 

Both predisposing genetic factors and environmental factors contribute to the induction of MG 

(14). HLA genes, PTPN22, CTLA4, IL1B, IL10, TNF, IFNG, CD86, AKAP12, VAV1, TNFSF13B 

(also known as BAFF) and TNIP1 are some of the contributory genes. 

The treatment of MG has improved over time and life expectancy is near normal in 

developed countries, whereas MG had a raised mortality until a few decades ago (15) (16). A 

relative mortality of 1.41 was demonstrated for AChR MG in individuals diagnosed between 1985 

and 2005 in a study in  Denmark (16). 
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Sex hormones have a role in disease predisposition and might explain the different sex 

ratio in early onset and late onset MG and the higher frequency of MG among young women and 

postpartum (17) (3). Early onset MG is thrice common in females whereas late onset MG is 

slightly more common in males. Thymic hyperplasia also primarily affects young females  

suggesting the role of  hormones in MG pathogenesis and have implications in treatment 

modalities like  thymectomy (18). Oestrogens have  influence anti-inflammatory and pro-

inflammatory responses, depending on their dose, timing and the microenvironment (19). Sex 

hormones  affect the expression of thymic transcription factors such as autoimmunie regulator 

(AIRE) and augment the risk of developing MG with AChR antibodies (20). 

 

PATHOGENESIS 

MG is one of the most studied autoimmune disease. MG is an antibody mediated 

autoimmune disease with T cells having intermediary role. The associated autoantibodies can be 

classified into two major groups: those to transmembrane or extracellular autoantigens and those 

to intracellular autoantigens. 

Antibodies to transmembrane or extracellular proteins 

These could be either directly (such as anti-AChR antibodies) or indirectly (such as anti-

MuSK antibodies and anti-LRP4 antibodies) acting. Anti-AChR antibodies are detected in 80% 

of patients with MG (1). Mechanism for the pathogenetic effect of anti-AChR antibodies could 

be  either due to  a) complement activation or  b) antigenic modulation which causes acceleration 

of AChR internalization and destruction mediated by the crosslinking of AChRs by bivalent 

antibodies  and  thus reduced postsynaptic receptor  concentration (21). Antibodies  targetting  the 

AchR α-subunit are more pathogenetic for MG than antibodies that target other AChR subunits, 

and their epitope pattern influences disease severity (22). 
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MuSK is activated through phosphorylation induced by the LRP4–agrin complex, 

following which AChR clustering occurs and proteins like rapsyn play a role. Anti-MuSK 

antibodies are identified in 1–10% of patients with MG   and they  belong to the IgG4 subclass, 

they could not activate complement and  could not induce antigenic modulation because of their 

monovalent nature(23). 

Other antibodies to extracellular proteins include LRP 4, Agrin, Col Q and Kv 1.4 and the 

exact pathogenetic basis of their mechanisms are still evolving (2). 

Antibodies against intracellular antigens are unlikely to be pathogeneic but have utility as 

markers of disease severity, presence of thymoma and myopathy, particularly anti titin antibodies. 

Other antibodies to intracellular proteins include antibodies to ryanodine receptor and cortactin 

(2). 

Figure 1. Neuromuscular junction anatomy and  various autoantibodies and 

their binding sites (2) 

 

 

 

Adapted from Gilhus et al., Myasthenia gravis. Nat Rev Dis Primers. 2019 Dec;5(1):30 
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ROLE OF THYMUS AND T CELLS 

The thymus is affected commonly in patients with AChR MG. Thymoma is seen  in 10% 

of patients or thymic follicular hyperplasia seen  in >80% of patients with early-onset MG (18). 

Up to 30% of thymoma patients have myasthenia gravis (24). Type B2 WHO histological  grade  

is most commonly associated with MG, followed by types AB and B1 (25). All thymomatous  

MG patients are ususally positive for anti-AChR antibodies, and  this  underlines the role of 

thymus in the initiation of the autoantibodies (26). Thymectomy produces considerable 

improvement in patients (27).  

The presence of many germinal centres with anti AchR antibody producing B cells in the 

thymus  seen in Thymic hyperplasia suggests  that the thymus is the site where loss of immune 

tolerance to AchR occurs (28). CD8 positive (CD8+) T cells which escape the central tolerance 

mechanisms in thymus are important players during the initiation of MG.  The tumour induces the 

loss of tolerance to AchR. 

CLINICAL FEATURES 

Fluctuating  fatiguable weakness which is aggravated by exertion and alleviated  by rest 

is the cardinal feature of MG. Weakness is accentuated  by bright sunlight, surgery, emotional 

stress and intercurrent illness (eg, bacterial and viral infection), medications (eg, aminoglycosides, 

ciprofloxacin, chloroquine, procaine, lithium, phenytoin, beta- blockers, procainamide, statins) 

(29). The common differentials include  congenital myasthenic syndromes especially  the slow 

channel, ColQ or DOK7 syndromes where a worsening with pyridostigmine is seen and Lambert 

Eaton Myasthenic syndrome with antibodies against presynaptic voltage gated calcium channels 

seen in >90% of LEMS patients  and  60% of LEMS patients have associated malignancy, usually 

small cell lung carcinoma (30). 
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Myasthenic weakness commonly involves ocular, bulbar, proximal limb and 

neck muscles, and in a few patients involves respiratory muscles also. Around one third 

of MG patients presents with mild weakness, another one third with moderate weakness, 

and rest have severe weakness often associated with bulbar symptoms. Around 85% 

patients present initially with ocular muscle weakness with diplopia, blurring of vision, 

fluctuating ptosis and among them half will develop generalised progression over next 

two years. Bulbar  involvement during the  clinical course may be seen in up to 60% of 

the patients, and  fatiguable chewing difficulty more for solid food, with preferential 

involvement of  jaw closure  than jaw opening is seen  (31) (32). Around 15 % of patients 

present with painless dysphagia and dysarthria. Respiratory muscles involvement is less 

common in the first 2 years  and  it may be the the presenting feature in rare cases (33).  

Myasthenic crisis is a life threatening exacerbation because of   respiratory 

muscle involvement, requiring ryles tube feeding and mechanical ventilation. Patients 

with MG can present with predominantly proximal muscle weakness in upper and lower 

limbs, with preferential involvement of upper limbs in MG differentiating it from 

myopathy. Facial muscle involvement may give an expressionless appearance. 

CLASSIFICATION OF MYASTHENIA GRAVIS SUBGROUPS (17) 

 Early onset MG: AChR Ab positive, usually seen in <50 years of age and thymic 

hyperplasia is   more common in this subgroup 

 Late onset MG: AchR Ab positive, seen in >50 years of age with Thymic atrophy 

commonly present 

 Thymoma MG: AchR Ab positive, may occur in any age group, Thymus show Type AB 

and B thymoma 

 MuSK MG: MuSK Ab positive, may occur in any age group and usually no Thymoma is 

seen 
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 LRP4 MG: LRP4 Ab positive and no thymoma 

 Seronegative MG: No positive antibodies are detected 

 Ocular MG 

 

MGFA Clinical Classification  (34) 

Class I: Any ocular muscle weakness; may have weakness of eye closure. All other muscle 

strength is normal. 

Class II: Mild weakness affecting muscles other than ocular muscles; may also have ocular 

muscle weakness of any severity. 

A. IIa. Predominantly affecting limb, axial muscles, or both. May also have lesser involvement of 

oropharyngeal muscles. 

B. IIb. Predominantly affecting oropharyngeal, respiratory muscles, or both. May also have 

lesser or equal involvement of limb, axial muscles, or both. 

Class III: Moderate weakness affecting muscles other than ocular muscles; may also have ocular 

muscle weakness of any severity. 

A. IIIa. Predominantly affecting limb, axial muscles, or both. May also have lesser 

involvement of oropharyngeal muscles. 

B. IIIb. Predominantly affecting oropharyngeal, respiratory muscles, or both. May also have 

lesser or equal involvement of limb, axial muscles, or both. 

Class IV: Severe weakness affecting muscles other than ocular muscles; may also have ocular 

muscle weakness of any severity. 

A. IVa. Predominantly affecting limb, axial muscles, or both. May also have lesser involvement 

of oropharyngeal muscles. 

B. IVb. Predominantly affecting oropharyngeal, respiratory muscles, or both. May also have 

lesser or equal involvement of limb, axial muscles, or both. 
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Class V: Defined as intubation, with or without mechanical ventilation, except when employed 

during routine postoperative management. The use of a feeding tube without intubation places the 

patient in class IVb. 

DIAGNOSIS 

  Electrophysiology: 

RNS (repitative nerve stimulation study) and SFEMG (single fiber 

electromyography) are most commonly used electrophysiological test for the diagnosisis 

of MG. 10% decremenal response between the first and the fifth evoked compound 

motor action potential is taken as positive RNS and is diagnostic of MG.Around  75% 

of patients with generalised MG and 50% of patients with ocular MG show positive RNS 

study (35). 

SFEMG is the most sensitive method to diagnose MG, records action potentials 

of two skeletal muscle fibers innervated by the same motor axon. SFEMG records the 

jitter, which is defined as difference in time of the second action potential relative to the 

first action potential. In MG due to decrease in AchR over muscle endplate safety factor 

of transmission is reduced, results in increase in jitter. 95%–99% of patients with 

generalised Myasthenia gravis show jitter on affected muscle (35). 

Ice pack test: It is a simple bedside test, baseline ptosis is recorded and then ice 

pack is   placed over the eye for 2–5 minutes and then reassessed for improvement in 

ptosis. 

Neostigmine Test: Neostigmine is a short-acting acetylcholinesterase inhibitor 

which is administered intravenously and the patient is observed for objective 

improvement in muscle strength particularly the ptosis.  
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Management of MG 

Strategies include: 

(i) Symptomatic treatment by using Acetylcholinesterase inhibitors like 

Neostigmine and Pyridostigmine 

(ii) Short-term immunomodulation with intravenous immunoglobulin and 

plasmapheresis 

(iii) Long-term immunomodulation with steroids and other 

immunosuppressants 

Surgical treatment-Thymectomy 

                             PREGNANACY AND MYASTHENIA GRAVIS 

Maternal changes in pregnancy can affect an autoimmune disease, vice versa the disease 

can also affect the outcome  of pregnancy and the child.The effect of female sex hormones on 

thymic involution was discussed previously (18) (19). 

Exacerbations are unpredictable in preexisting disease and not unusual during pregnancy, 

labor, or the postpartum period.Underlying infections especially in the postpartum period pose a 

major risk factor for exacerbations (36).  Eventhough an uneventful course and a good outcome  

is possible in pregnant women who have MG, there are many challenges  requiring special clinical 

consideration and coordinated care between multiple disciplines are needed (37). 

 

TREATMENT OF MYASTHENIA GRAVIS DURING PREGNANCY 

The treatment strategies should be individualised based on subgroup classification.Severe 

disease with bulbar and respiratory muscle involvement should be treated 

aggressively.Thymectomy  should be preferably done before planning pregnancy or after 
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postpartum period (37). MG patients with thymoma who have not undergone thymectomy have a 

higher incidence of exacerbation than those who have undergone thymectomy(38) (39). Infants 

born to MG patients who have undergone thymectomy have reduced risk of developing neonatal 

myasthenia gravis. 

Pyridostigmine is generally safe in pregnancy and lactation and there are no teratogenic 

effects reported till now (40). Dose adjustment is required in pregnancy as a result of increased 

renal clearance, expanded maternal blood volume, delayed gastric emptying and emesis. 

Prednisolone and azathioprine are safe during pregnancy and breastfeeding whereas 

methotrexate,  mycophenolate mofetil and cyclophosphamide are teratogenic and should be 

avoided in women of child bearing age (6). Rituximab preferably should be stopped 6 months 

before a planned pregnancy in women with MG. Intravenous immunoglobulins and plasma 

exchange are safe during pregnancy. 

EFFECT OF PREGNANCY ON THE COURSE OF MYASTHENIA GRAVIS 

Pregnancy has an unpredictable effect on course of MG.Each pregnancy has a 

different effect  on disease course and hence doesnot predict course of future 

pregnancies.One third of pregnant patients experience worsening of MG, commonly in 

first trimester and 3 months postpartum (41).The maximum risk of mortality is  seen in 

the first year after onset of disease.Improvement occurs in one third women in second 

and third trimester probably due to physiological immunosuppression with rare reports 

of complete remission.Disease severity before conception doesnot predict the clinical 

course (42). 

     EFFECT OF MYASTHENIA GRAVIS ON LABOUR AND DELIVERY 

Smooth muscle involvement alone in the first stage of labour poses no challenge. 

Involvement of skeletal muscle in the second phase of labour is concerning during 
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delivery. Elective Caesarian section may even cause sudden worsening. Generally 

vaginal delivery is favoured with use of pyridostigmine and steroids if needed. 

Magnesium sulphate used for eclampsia  and non depolarising muscle relaxants used for 

anaesthesia may worsen myasthenic symptoms. Previous  studies  show an overall 

increased rate of delivery complications and a higher rate of intervention during delivery 

with  premature rupture of the membranes being the only single complication without 

any significantly incraesed perinatal mortality and a mildly increased risk of congenital 

defects (38). 

PREGNANCY AND ANTI MUSK MYASTHENIA 

AntiMuSK antibodies seen commonly in females, is negative in anti AChR antibody 

positive MG patients. MuSK MG presents with prominent bulbar, neck, shoulder girdle and 

respiratory weakness. They are IgG class 4, and their placental transfer is poorer than that for anti 

AChR antibodies, which are IgG1 and IgG3. Hence the chance of developing anti MuSK 

antibodies in transient neonatal myasthenia gravis is low, but it is possible to transmit anti MuSK 

antibodies from the umbilical cord to the newborn.  Mothers and infants needs to be monitored  

carefully especially for nutritional deficiencies and hydramnios, and plasmapheresis should be 

carried out without delay in cases of bulbar involvement (43). 

 

EFFECT OF MATERNAL MYASTHENIA ON NEONATE 

TRANSIENT NEONATAL MYASTHENIA GRAVIS (TNMG) 

Transient neonatal myasthenia gravis affects 10% to 20% of newborns of myasthenic 

mothers and occurs immediately after birth (41) (44).  Symptoms develop within 1-2 days after 

birth and include generalized weakness and difficulty feeding, hypotonia, poor cry, ptosis, facial 

paralysis, and respiratory distress. The transfer of water soluble anticholinesterase medications 
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from the mother to the newborn and Alfa feto protein (AFP) causes delayed occurrence of TNMG. 

AFP has a protective role due to its powerful inhibitory effect on the AChR Ab binding capacity 

(45). The clinical improvement or remission seen in myasthenic mothers during the later 

trimesters could be the result of the elevated levels of AFP in maternal serum from increasing 

placental permeability to fetal placental proteins that occurs with advancing gestation.  TNMG 

symptoms vary between mild to severe at times requiring ventilatory assistance. The syndrome 

usually resolves within 1-4 months. NMG symptoms respond to anticholinesterase medications 

and improve progressively with a reduction in the antibody titres.  

Plasmapheresis may be helpful in very severe cases. NMG is caused by transplacental 

passive transfer of circulating nicotinic AChR Abs from the mother to the fetus. Thus higher 

antibody titres in mother may predict severity of TNMG. But  there are cases of myasthenic 

mothers who do no have detectable AChR antibodies and have had babies who have NMG are 

also reported (46). There is no correlation between severity of maternal MG symptoms with the 

severity of NMG in the newborn, and NMG can even occur in infants of mothers who are in 

clinical remission. A high ratio of antiembryonic AChR to antiadult muscle AChR Abs correlates 

with the occurrence of NMG  and could be having a pathogenic role (47). 

 

ARTHROGRYPOSIS 

Arthrogryposis multiplex congenita (AMC) may be caused by placental transfer of 

antibodies against the fetal AChR in some infants born to myasthenic women. Nonprogressive 

multiple congenital joint contractures developing in utero from lack of fetal movements, 

preventing normal joint formation is the major feature. This rare condition may lead to intrauterine  

death or neonatal death attributed to associated pulmonary hypoplasia and polyhydramnios (48) 

(49). Prenatal Ultrasound may be helpful in detecting this condition. A complex phenotype of 
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dysmorphic facies, abnormal genitalia, central nervous system atrophy, and lung hypoplasia also 

has been reported in a neonate born with arthrogryposis. 

 

LACTATION 

Pyridostigmine is considered safe during lactation. Azathioprine and its metabolites have 

been found in breast milk, exposing the child to 0.1% of the maternal dose. The American 

Academy of Pediatrics does not recommend breastfeeding because of the  risk of 

immunosuppression, carcinogenesis and growth restriction in the child (50). However many 

reports  suggest that use may be safe in pregnancy and breast feeding (51). Prednisolone is the 

preferred corticosteroid;it is metabolized by the placenta, and just 10% crosses into the fetal 

circulation at doses of less than 20 mg (52). Discarding  breast milk for the first 4 h after ingestion 

of a dose of prednisolone ≥20 mg may be a safer practice to avoid neonatal adrenal 

suppression.Methotrexate, cyclosporine and tacrolimus are not advised during either pregnancy 

or breastfeeding (50). 
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    GOAL AND OBJECTIVES OF THE STUDY 
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Study Goal  

The study intends to learn the effect of pregnancy on the course of MG, effect of MG on 

pregnancy outcome and influence of drugs for MG on pregnancy outcome so that it may help 

clinicians to decide regarding optimal treatment of the disease during pregnancy and early 

identification of fetal and neonatal issues in mothers having MG. 

 

Objectives of the study 

• To study the effect of pregnancy on the course of myasthenia gravis 

• To study the effect of myasthenia gravis on the course of pregnancy, and pregnancy and 

neonatal outcomes 

• To study the influence of drugs for myasthenia in pregnancy and neonatal outcomes  
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Materials and methods 

Study setting and population: 

This study is a hospital based retrospective cross-sectional study. 

The subjects were recruited from patients previously admitted in the Neurology wards or 

attending the Neuromuscular Clinic of Sree Chitra Tirunal Institute for Medical Sciences and 

Technology.  

  All females either outpatient or inpatient diagnosed as Myasthenia gravis fulfilling the 

inclusion and exclusion criteria in SCTIMST from a period of January 1, 1999 to December 

31,2018 will be recruited. All the patients were recruited after obtaining informed consent. 

Eligibility Criteria: 

Criteria to recruit under study are:  

Inclusion criteria- 

1) Female sex 

2) History of pregnancy after or concurrent with diagnosis of MG 

      3) Myasthenia gravis diagnosed by criteria- 

          Fatiguable weakness plus one of the following 

               a) AchR Ab or MusK Ab positivity 

               b) RNS/SFEMG positivity 

               c) Neostigmine test positivity 

 

Exclusion criteria:  

1) Congenital Myasthenic syndrome 

2) Alternate differential diagnoses not satisfactorily excluded 

3) Patient with possible pregnancy not available for visit 
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4) Patients with incomplete hospital records 

Figure 2. Selection process of subjects 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Collection Procedures 

Selection of subjects:  

The subjects were recruited from female patients previously admitted in the Neurology 

wards or visiting the Neuromuscular Clinic of Sree Chitra Tirunal Institute for Medical Sciences 

and Technology with a diagnosis of Myasthenia gravis. The patient was considered to fulfil the 

criteria for diagnosis of Myasthenia gravis if she has a 

 Fatiguable weakness plus one of the following: 

               a) AchR Ab or MusK Ab positivity 

               b) RNS/SFEMG positivity 

               c) Neostigmine test positivity 

All females diagnosed with 

myasthenia  b/w 1999-2018 

identified; N=227 

 

 

15 patients satisfying 

inclusion criteria 

Total 17 informative 

pregnancies 
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All female patients with disease onset in the age group of 13-55 years were identified and 

were contacted through phone or post. Patients with informative pregnancy who are on regular 

follow up from Neuromuscular clinic were given a structured questionnaire and data was 

extracted. 

Patients with Informative pregnancy means: 

                           -  Diagnosis of MG prior to pregnancy or  

                           - Diagnosis of MG established during pregnancy or within 6 months postpartum 

Data collection was done through: 

1) Structured questionnaire    

2) Either in person or by phone      

3) From the hospital records  

The demographic and contact information of the subjects were collected. The clinical data, 

antibody status and current treatment details of the patients were extracted from their hospital 

records using a structured proforma. The data on the non-serologicaltests investigations used for 

diagnosis MG were also specifically recorded –neostigmine test, ice pack test, RNS and CT thorax 

for thymic status. These tests were recorded only if they are already done and were not done for 

the purpose of the study. 

Data regarding exacerbations and remissions of the disease during the three trimesters and 

post partum period   compared to status of patient 1 year prior to pregnancy were collected from 

previous hospital records. Clinical classification using MGFA score from was done. Based on 

MGFA status, it was coded as  

1)  Remission 

2)  Improvement 

3)  No change 

4)  Deterioration 

The effect of Myasthenia on pregnancy was assessed by collecting data on  

a) Coexisting medical conditions  
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b) Fetal outcome – Abortions, IUD, stillbirth  

c) Mode of delivery – vaginal spontaneous or vaginal forceps associated or Caesarian 

section. 

The data on Neonatal outcomes like a) birth weight b) infections c) Prolonged 

hospitalization d) Transient Neonatal Myasthenia Gravis  e) ICU requirement and f) any 

congenital diseases, were  collected from previous hospital records. 

Data regarding other variables like medication status in the one year before pregnancy and 

during pregnancy and status of thymectomy at the onset of pregnancy was also collected. 

The study did not involve HIV testing, collection of blood or other biological samples or 

genetic testing. 

 

Statistical analysis 

Descriptive statistics were expressed as means (standard deviation) and proportions. Mean 

MGFA ranks across stages were compared using nonparametric Friedman test. Wilcoxon Signed 

Rank test was used   to do a pairwise comparison of MGFA scores in various stages. All statistical 

analysis were done using SPSS software. 

 

Ethical considerations 

This study has the approval of the Institutional Ethics Committee (IEC Regn 

No.1347/2019) and informed consent was obtained from all subjects. 
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All female patients with disease onset in the age group of 13-55 years who were admitted 

or on OPD followup from SCTIMST between 1999 and 2018 were identified. A total of 227 

female Myasthenia gravis patients were identified and among them there were total 15 patients 

who had diagnosis of MG prior to pregnancy or diagnosis of MG established during pregnancy or 

within 6 months postpartum, were recruited for the study. In total there were 17 informative 

pregnancies. 

             PATIENT PROFILE AND DISEASE CHARACTERISTICS 

DEMOGRAPHIC PROFILE OF PATIENTS 

The mean age of subjects at recruitment was 31.1 ± 6.4 years with a minimum age of 21 

years and maximum age of 41 years. Around 60 % of subjects were graduates. 

 

 

Table 1. Age group distribution of patients 

Age group Frequency Percent 

15-25 years 3 20.0 

26-35 years 8 53.3 

36-45 years 4 26.7 

Total 15 100 

 

Mean age of onset of Myasthenic symptoms was 21.4 ± 5.7 years with minimum age of 

onset 13 years and maximum age of onset 29 years. The mean interval between disease onset and 

pregnancy was 3.7 ± 3 years.  
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The mean age of pregnancy was 25.5 ± 3.8 years with minimum and maximum ages of 

conception 19 and 31 years respectively. Out of the 17 informative pregnancies, 1 patient had 

onset of symptoms at 3 months postpartum period. One patient had onset of disease 1 month prior 

to pregnancy. One patient was in clinically stable remission for 3 years before pregnancy and was 

remaining in remission till postpartum. 

Table 2. Mean age of onset of disease and mean age of pregnancy 

 

 

DISEASE CHARACTERISTICS 

At the onset of symptoms, 35.3% subjects had purely ocular symptoms. One patient went 

into clinically stable drug free remission 1 year after the onset and after thymectomy. Among the 

rest, none of the patients were in pharmacological remission. As indicated by the MGFA status at 

onset, none of the patients had moderate or severe weakness. 35.3% pregnancies had class I 

MGFA at onset of disease and 64.7% had class II MGFA at the onset of disease. The mean 

duration from symptom onset to pregnancy was 3.7± 3 years. None of the patients had any 

associated comorbidities like thyroid dysfunction or diabetes. 

  N 
Mean ± SD 

(years)  

 
Range 
Min- Max 
(years) 

Median IQR 

Age of onset of symptoms 15 21.4 ± 5.7 

 

13 - 29 24.0 15 - 26 

Interval b/w symp onset and 
pregnancy 

17 3.7 ± 3 

 

0-9 4.0 0.6 -6.5 

Age of pregnancy 17 25.5 ± 3.8 

 

19-31 27.0 21.5-28.5 
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Four subjects had Neostigmine test positive, 6 subjects had icepack test positive, 10 had 

AchR antibody positive and 12 subjects had RNS positive. Two patients who were AchR Ab 

negative and RNS positive had MuSK Ab detected on later followup. In the whole group, 7 out 

of 15 subjects were AchR antibody negative. 

Out of the 17 pregnancies, 7 patients had suspected thymoma detected by CT thorax. All 

the 7 patients underwent thymectomy, 6 underwent before pregnancy and 1 patient who had 

postpartum onset of symptoms underwent after delivery. Histopathology showed thymoma in 4 

(57.1%), thymic hyperplasia in 2 (28.6%) and involuted thymus in 1(14.3%) pregnancies. 

Regarding treatment, 11 patients were on oral prednisolone from the onset, 4 patients were 

initiated on Azathioprine and 16 patients were on pyridostigmine. 

 

Table 3. Frequency of symptoms at onset 

Symptoms at onset Frequency Percent (%) 

Bulbar 2 11.8 

Bulbar + ocular 2 11.8 

Ocular 6 35.3 

Ocular + Limb weakness 1 5.9 

Ocular + Limb weakness+ Bulbar 3 17.6 

Pure limb weakness 3 17.6 

Total 17 100 
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Figure 3. Frequency of symptoms at onset 
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Figure 4. Frequency of positive diagnostic tests 
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Figure 5. Frequency of combined positive diagnostic tests  

 

 

Figure 6. Proportion of MGFA classes at the onset of symptoms 
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Figure 7. Proportion of thymoma in CT thorax 

 

 

Figure 8. Proportion of Thymoma in histopathological examination 
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Figure 9. Age group distribution of Thymectomy 

 

 

 

 

 

 

 

 

42.9 42.9

14.3

0

5

10

15

20

25

30

35

40

45

50

<20 21-30 >30

P
er

ce
n

ta
ge

Age at Thymectomy 

Age at Thymectomy



 

32 

 

Table 4. Patient profile and disease characteristics 

 Age  

at onset 

(years) 

Type of MG Ab status Thymoma/ 

Thymectomy 

Treatment 

received 

MGFA at 

onset 

P1 29 Generalised AchR Ab Yes/Yes Steroid 

 

II 

P2 5 Generalised Negative Yes/Yes Steroid 

Azathioprine 

Pyridostigmine 

II 

P3 3 Generalised MuSK Ab 

(on 

followup) 

No Steroid 

Pyridostigmine 

II 

P4 24 Generalised AchR Ab No/Yes Steroid 

Azathioprine 

Pyridostigmine 

II 

P5 26 Ocular AchR Ab Yes/Yes Pyridostigmine I 

P6 19 Generalised MuSK Ab 

(on 

followup) 

No Steroid 

Azathioprine 

Pyridostigmine 

 

II 

P7 27 Ocular AchR Ab No Steroid 

Pyridostigmine 

I 

P8 25 Generalised AchR Ab No Steroid 

Pyridostigmine 

II 

P9 24 Ocular AchR Ab No Steroid 

Pyridostigmine 

I 

P10 15 Generalised Negative No/Yes Steroid 

Azathioprine 

Pyridostigmine 

II 

P11 13 Ocular AchR Ab No Steroid 

Pyridostigmine 

I 

P12 26 Ocular Negative Yes/Yes Pyridostigmine I 

P13 15 Generalised AchR Ab No Pyridostigmine II 

P14 29 Generalised Negative No Pyridostigmine II 

P15 19 Ocular Negative No/Yes Steroid 

Pyridostigmine 

I 
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COURSE OF MYASTHENIA GRAVIS IN PREGNANCY 

Of the 17 total pregnancies, 15 (88.2%) were 1st time pregnancies, 1 (5.9%) was 2nd 

pregnancy and 1 (5.9%) was 3rd pregnancy. 

We coded various stages as T0-3 months prepregnancy, T1- 1st trimester, T2- 2nd trimester, 

T3- 3rd trimester and T4- 3 months postpartum. 

Out of 17 pregnancies, 1 patient was in drug free remission throughout the stages. 1 patient 

had onset in T4 stage. 1 patient had onset of symptoms at 1 month before conception. So total 

pregnancies at T0 was 14. Six pregnancies had class I MGFA and 8 had class II MGFA at T0. 

In T1, total pregnancies were 15 including the patient diagnosed at 1 months before 

conception. 8 pregnancies had class I MGFA, 6 had class II and 1 had class III MGFA. One patient 

had a worsening from class II to class III. 2 patients had an improvement from class II to class I 

MGFA and the remaining pregnancies had no change in clinical status. Hence on comparing T0 

and T1, 2 pregnancies had an improvement in MGFA and 1 had a worsening. 

In T2, 3 patients had abortions and total pregnancies were 12. Two patients had a 

worsening from class I MGFA to class II MGFA.Remaining 10 pregnancies had no change. 5 

pregnancies were class I and 7 were class II MGFA.The patient who had a worsening from class 

II to III in T1 had abortion. 

In T3, there was no change compared to T2 with 5 subjects with class I and 7 having class 

II MGFA. 

In T4, there were total 16 subjects (excluding the 1 patient in remission and after including 

1 patient with onset at 3 months postpartum and 3 abortions), among them 5 were class I, 10 were 

class II and 1 was having class III MGFA. 1 patient who was MGFA III and had abortion (at T1) 
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had an improvement in T4. 12 subjects had no clinical change and 3 subjects had a worsening; 2 

from class I to class II (including 1 abortion) and 1 from class II to class III. 

We analysed overall change in MGFA status by comparing worst MGFA at T0 to T4 and 

found that one pregnancy had an improvement in clinical status,12 pregnancies had no change 

and 3 pregnancies had   a deterioration of MGFA clinical status. 

We analysed overall change in mean MGFA ranks in each stage using Friedman test and 

p- value was 0.031(<0.05) which was significant. However on analysis of pairwise comparison of 

MGFA from T0 to T4 using Wilcoxon Signed Rank test, none of the p- values were found to be 

significant. 

Figure 10. The order of pregnancies in the cohort 
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Table 5. Frequency and proportion of MGFA score in various stages 

MGFA Stage 

 T0  T1  T2   T3   T4  

N (%) N (%) N (%) N (%) N (%) 

I 6 (42.9) 8(53.3) 5(41.7) 5 (41.7) 5 (31.3) 

II 8(57.1) 6(40) 7(58.3) 7 (58.3) 10 (62.5) 

III  0(0) 1(6.7)  0(0)  0 (0) 1 (6.3) 

Total 14 15 12 12 16 

 

 

Figure 11. Distribution of MGFA status during various stages 
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Figure 12. Scatter diagram showing change in MGFA during various stages 
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Table 6. Statistical analysis of MGFA distribution using Friedman test 

Friedman Test Mean Rank 

MGFA T0 2.95 

MGFA T1 2.5 

MGFA T2 2.95 

MGFA T3 2.95 

MGFA T4 3.64 

 

p = 0.031 

 

 

 

 

T0-3 months prepregnancy, T1- 1st trimester, T2- 2nd trimester, T3- 3rd trimester and 

T4- 3 months postpartum 
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Table 7. Statistical analysis of MGFA distribution using Wilcoxon Ranks test 

Wilcoxon Signed 
Ranks Test 

Pair wise comparison 

T0 Vs T1 T1 VS T2 T2 VS T3 T3 VS T4 

Z 0.577 1.414 0 1.732 

p 0.564 0.157 1 0.083 

 

 

 

Table 8. Frequency and proportion of patients with clinical change 

MGFA Stage 

 T0 - T1 T1- T2  T2 – T3  T3 – T4  Overall 

N (%) N (%) N (%) N (%) N (%) 

Improvement 2(14.3)  0 (0)  0(0) 1(5.9) 1(6.3) 

No change 11(78.6) 10 (83.3) 12(100) 12 (70.6) 12(75) 

Deterioration 1(7.14) 2(16.7) 0 (0) 4(23.5) 3(18.8) 

 

 

 

 

 

 

T0-3 months prepregnancy, T1- 1st trimester, T2- 2nd trimester, T3- 3rd trimester and 

T4- 3 months postpartum 
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Figure 13. Distribution of change in MGFA with comparison to other stages 

 

 

 

 

Figure 14. Proportion of overall change in clinical status 
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Table 9. Course of myasthenia clinical status during pregnancy 

 

 MGFA AT 

T0 

T1 T2 T3 T4 

P1 Onset at post 

partum 

- - - II 

P2 II improvement No change No change Worsening 

P3 II No change No change No change Worsening 

P4 II worsening Abortion Abortion Improvement 

P5 I No change worsening No change No change 

P6 II No change No change No change No change 

P7 I No change No change No change No change 

P8 II improvement worsening No change No change 

P8a II No change No change No change No change 

P8b II No change Abortion Abortion No change 

P9 I No change No change No change No change 

P10 II No change No change No change No change 

P11 I No change No change No change No change 

P12 Remission Remission Remission Remission Remission 

P13 I No change No change No change worsening 

P14 Onset 1 month 

prior to preg 

II No change No change No change 

P15 I No change Abortion Abortion No change 

 

Six pregnancies were class I MGFA and 8 were class II MGFA at T0. Compared to T0, in 

T1, two pregnancies had an improvement in MGFA and one had a worsening. In T2, compared 

to T1, 2 patients had a worsening from class I MGFA to class II. In T2, five pregnancies were 

class I and seven were class II MGFA. There was no change from T2 to T3. In T4, five were class 

I, ten were class II and 1 was class III MGFA. One patient who was MGFA III and had abortion 
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(at T1) had an improvement in T4. Three pregnancies had a worsening in T4; 2 from class I to 

class II (including 1 abortion) and 1 from class II to class III MGFA. 

THERAPY BEFORE AND DURING PREGNANCY 

Nine subjects were on oral prednisolone (range 5- 20 mg) at T0 and there was no major 

escalation in dose. At T4, the minimum and maximum doses used were 15 and 40 mg respectively. 

4 subjects were on azathioprine at T0, and mean dose was 125 ± 28.9 mg which reduced to 116.7 

± 28.9 in T4. Thirteen subjects were on pyridostigmine at T0 and mean dose used was 180 mg ± 

24.5 mg. None of the subjects had major drug related adverse effects. None of our subjects 

received iv immunoglobulin or therapeutic plasma exchange at any stage. 

Table 10. Mean dose (mg) of medications used in various stages 

 

  
 Dose in 
mg 

Prednisolone Azathioprine  Pyridostigmine 

Mean ± sd Range Mean ± sd Range Mean ± sd Range 

T0 11.9 ± 4.3 5-20 125 ± 28.9 100-150 180 ± 24.5 120-240 

T1 14.4 ± 4.2 10-20 125 ± 28.9 100-150 180 ± 0 180-180 

T2 14.2 ± 3.8 10-20 116.7 ± 28.9 100-150 180 ± 0 180-180 

T3 14.6 ± 3.3 10-20 133.3 ± 28.9 100-150 180 ± 0 180-180 

T4 20 ± 8.3 15-40 116.7 ± 28.9 100-150 180 ± 23.5 120-240 
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Figure 15. Mean dose of medications in various stages 
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Out of 14 deliveries, 8 were spontaneous, 1 was forceps assisted. Among the 

spontaneous vaginal delivery, 1 patient had preterm labour 3 weeks prior to the date. Among the 

6 LSCS, all were term deliveries, 1 had premature rupture of membranes, 1 was post date, 1 had 

oligohydramnios and reduced fetal movements and remaining were elective as advised by 

Obstetrician. There were no perinatal complications during labour. There was no incidence of 

any puerperial infections including endometritis or cystitis. All the 14 mothers were lactating at 

3 months postpartum. 

 

 

Figure 16. Proportion of patients with LSCS 
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Figure 17. Proportion of patients with spontaneous and assisted deliveries 

 

 

NEONATAL OUTCOMES 

The mean BW was 2.7 ± 0.3 kg with minimum BW of 2.3 kg and maximum BW of 3.2 kg. 

Out of 14 babies, 1minute APGAR was 7 in 13/14 and was 5 in 1/14.Similarly 5 minutes 

APGAR was 8 in 12/14 babies and 6 in 2/14 babies. No neonate had any congenital anomalies. 

APGAR stands for Appearance, Pulse, Grimace, Activity, and Respiration. APGAR score of 

7,8,9 is considered normal 

Among the 14 neonates, 2 had poor feeding, feeble cry and mild hypotonia and 

presumed to be having TNMG. Babies were observed and were given breast feeding and had 

spontaneous improvement in 3-4 days. There was no need for Non invasive ventilation or 

mechanical ventilation in those 2 neonates. 

 

 

assisted-forceps
11.1%

spont
77.7%

spont- PT 3w
11.1%

Spont/Ass



 

44 

 

Figure 18. Boxplot showing the mean birthweight 

 

 

 

Figure 19. Proportion of neonates with poor APGAR score 
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Figure 20. Proportion of transient neonatal myasthenia gravis 
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Table 11.  Pregnancy and neonatal outcome for all patients 

                      PREGNANCY OUTCOME           NEONATAL OUTCOME 

Medical 

complications 

Delivery 

LSCS/Spontaneous 

Preg  

complication 

Preterm/Term Birth 

weight (kg) 

APGAR 

1minute/5minute 

TNMG 

P1 nil LSCS Post date Term 3.2 7/8 No 

P2 Nil LSCS Reduced fetal  

movements 

Term 2.7 7/8 No 

P3 Nil Spontaneous Nil Term 2.8 7/8 No 

P4 Nil - abortion - - - - 

P5 Nil Spontaneous 

Assisted forceps 

Nil Term 2.7 5/6 Yes 

P6 Nil Spontaneous Nil Term 2.4 7/8 No 

P7 Nil Spontaneous Nil Term 2.7 7/8 No 

P8 Nil LSCS Oligohydramnios Term 2.85 7/8 No 

P8a Anaemia LSCS Nil Term 2.3 7/8 No 

P8b Nil - Abortion - - - - 

P9 Nil Spontaneous Nil Term 2.6 7/8 No 

P10 Nil LSCS PROM Term 2.7 7/6 Yes 

P11 Nil Spontaneous Nil Term 3 7/8 No 

P12 Gestational 

Diabetes  

Spontaneous Nil Preterm-3 

weeks 

3.2 7/8 No 

P13 Nil LSCS Nil Term 2.75 7/8 No 

P14 Nil Spontaneous Nil Term 2.5 7/8 No 

P15 Nil - Abortion - - - - 
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DISCUSSION 
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Literature pertaining to myasthinia gravis and pregnancy are limited especially from India. 

Generally pregnancy is associated with a physiological immunosuppression accounting for an 

increased incidence of infections and improvement in some autoimmune diseases (53).  

Conversely this may not be very true for diseases like systemic lupus erythematosis and 

myasthenia gravis where a worsening of symptoms during pregnancy is also frequently reported. 

Previous studies suggested that clinical course of MG is highly variable in pregnancy. In this 

study, we reveiwed 17 pregnancies in 15 myasthenia patients. 

Many previous studies showed that about one third of myasthenic patients have 

exacerbations during pregnancy, another one third have no change and remaining may have an 

improvement. Schlezinger et al.,  reported this first in 1955 in their study, where exacerbations 

occured predominantly in the first trimester (54). Another study  of 69 pregnancies by Djelmis et 

al., reported a similar finding, however the exacerbations predominantly occurred in the later 

trimesters of pregnancy (36).  Mitchel et al., in 1992 reported majority had a worsening in third 

trimester in a study of 11 patients (55). Another study of 13 patients reported worsening in 42 % 

cases (56).  Batochi et al., showed 42% had no change, 39% had  improvement and 19% 

deteriorated with worsening  occuring more frequently in the second trimester (42). 

All these previous studies suggest a highly variable and unpredictable course of MG in 

pregnancy. Our study showed deterioration has occurred for 18.8% of all pregnancies including 

new onset of symptoms in one patient in the postpartum period. Deterioration occured 

predominantly in the post partum period although worsening happened for one patient in the 1st 

trimester. Immediate worsening in the postpartum period could be due to bodys immunologic 

restoration following delivery or precipitated by puerperial infections like endometritis or cystitis 

however there was no evidence for infections in our patients. We found overall progression of 

MGFA status across various stages significant with a p- value of 0.031 (p < 0.05) when analysed 

with nonparametric Friedmans test however the results were not consistent with further pair wise 
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analysis. 75 % pregnancies showed no change, 6.1% had an improvement and no pregnancy 

produced a clinical remission. One patient who was already in remission at the time of conception 

did not get any change during pregnancy or postpartum.  

In our group, all patients were optimised on medications in the prepregnacy stage and this 

could have resulted in a better control as suggested by absence of exacerbations at any stage. A 

similar study in 2004 also reported similar finding of no exacerbations (57). One patient in our 

study had 2 livebirths and 1 abortion; her clinical course remained stable in all pregnancies while 

continuing on medications. Batochi et al., suggested that clinical course during one pregnancy 

may not predict the course in subsequent pregnancies (42). 

In our study, analysis of  a stage wise worsening across pregnancy using MGFA scores 

was done and we  estimated an overall worsening from prepregnancy to postpartum state also.The 

findings again indicate that clinical course of MG during pregnancy  may have many twists and 

turns and ensurance of a proper treatment and control of symptoms in the prepregnancy state 

would contribute to a relatively uneventful pregnancy.However this possibility needs propsective 

studies for further validation. 

Previous studies reported that the highest risk of mortality is in the first year after onset of 

disease and there is only minimal risk 7 years after the onset of the disease. There was no mortality 

in our group. 

 

 

 

 

 

 

 



 

50 

 

Table 12. Frequency of worsening and stage of deterioration in previous 

studies 

 

Study Number of subjects Frequency of clinical 

change 

Stage of 

deterioration 

Schlezinger et 

al. (54) 

22 women and 33 

pregnancies 

Exacerbation in 1/3rd, 

Remission or no change in 

2/3rd  

Exacerbation in 1st 

trimester 

Djelmis et 

al.(36) 

69 pregnancies in 65 

women over a 28 year 

period 

Exacerbation in 1/3rd, no 

change in rest of 

pregnancies 

Exacerbation 

predominantly in 

postpartum and 

puerperium 

Mitchel et al. 

(55)  

11 pregnancies Worsening in 2/3rd and 

improvement in 1/3rd  

Exacerbation mainly 

in 3rd trimester 

Batochi et 

al.(42) 

47 preganant women Worsening in 19%, no 

change 42 %, 

improvement in 39% 

Maximum 

exacerbation in 2nd 

trimester 

Zenteno et 

al.(58) 

18 pregnant women Worsening in 33% Maximum worsening 

in 2nd trimester 

Picone et al. 12 pregnant women Worsening in 42%  

 

 

Three pregnancies had abortions in our study; 2 spontaneous and 1 induced probably due 

to the disease. All abortions occurred in the second month of pregnancy. Out of the total 3 

abortions, two pregnancies had MGFA score of II at 3 months before conception and one had 

MGFA I. A patient who had an abortion had a worsening of MGFA from II to III in the first 

trimester. A review by Plauche et al., reported 113 MG patients and 164 pregnancies with 35.4% 

showing exacerbations. They reported  28 abortions- 14 spontaneous and 14 induced along with 
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6 maternal deaths and 12 perinatal deaths (59). Djelmis et al., reports 11 induced abortions which 

were  unrelated to their primary disease (36). 

Myasthenia gravis has an overlap with other autoimmune diseases, the most common 

being Hashimotos thyroiditis. In our study, 1 patient had gestational diabetes mellitus which 

resolved after delivery. 

Regarding labour, 42.9% delivered through Caesarian section in this study. Indications 

were oligohydramnios, post date and reduced fetal movements. One had forceps assisted 

spontaneous delivery.  Study by Jose et al., reported similar results to our study ie. 47 % deliveries 

by Caesarian section and remaining vaginally with 1 forceps assisted delivery (58). Djelmis et al., 

reported 82% vaginal deliveries, Batochi et al., reported 70%, Picone et al., in 58 % and Mitchel 

et al., in 90%. A retrospective comparison study by Hoff et al., had 127 pregnancies compared 

with 1.9  million deliveries by normal mothers showed that pregnant myasthenics have a 3 times 

higher risk for preterm rupture of membranes compared to normal group.Rate of Caesarian section 

was doubled in the study group and they had concluded an increased risk of complications during 

labour (38).  Caesarian section may cause a sudden worsening of myasthenia in the immediate 

post partum with additional concern regarding use nondepolarising muscle blockers for 

anaesthesia also. A vaginal delivery is preferred and should be adequately supported by 

pharmacological armamentorium. 

Regarding treatment, most patients were on oral prednisolone, azathioprine, neostigmine 

and pyridostigmine. No patient was given iv immunoglobulins or underwent plasma exchange. 

All pregnancies were well controlled by medications in the prepregnancy stage and there was no 

major dose escalations. There was modification of drugs in response to MGFA worsening. One 

patient in our cohort had PROM, could be due to concomitant steroid use which was reported 

previously. No cleft lip was reported associated with steroid use. 
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Some of the adverse effects in the children of mothers treated  with azathioprine were  

teratogenicity, chromosomal effects,immunologic and hematologic depression, low birth weight, 

and abortion (60). Our group had 3 abortions and 1 patient who had a spontaneous abortion was 

on azathioprine. There was no major congenital malformation or birth defects reported. 

Four patients in our cohort underwent thymectomy before pregnancy and 1 had undergone 

the procedure after  pregnancy.There are case reports where thymectomy produces rapid 

improvement in myasthenic symptoms in pregnancy (61). In a study by Roth et al., clinical  course 

of  symptoms  seems to be unpredictable during both, pregnancy and postpartum period in both 

thymectomised and nonthymectomised groups (62). But they suggested that thymectomised 

women getting conceived may handle myasthenic crisis better than nonthymectomised ladies. 

This observation goes in concordance with our study also; all patients with thymic pathology 

underwent thymectomy and none of our patients had myasthenic crises. 

There was only 1 preterm delivery in our group, and it was a spontaneous vaginal delivery. 

Premature rupture of membrane was present in 1 pregnancy who got delivered by Caesarian 

section but it was a term delivery. Hoff et al., study suggested PROM was thrice common in 

myasthenia group than the reference group (38). In a recent study by Tanacan et al., pregnancies 

with worsening were  more likely to have higher abortions, preterm labour, preterm premature 

rupture of membranes, LSCS, and TNMG (63). 

The minimum birth weight in our group was 2.3 kg. There was no significantly low birth 

weight reported in our group especially considering the medication status of our patients. Neonatal 

status was assessed with APGAR score. One baby had 1minute APGAR of 5 and 2 babies had 5 

minute APGAR of 6. 2 babies in our group had hypotonia, poor feeding and feeble cry for 3-4 

days after delivery, and spontaneously improved after careful observation and breast feeding. The 

clinical symptomatology is suggestive of transient neonatal MG eventhough antibody titres were 

not measured in these neonates. These clinical features were most consistent with the phenotype 
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of typical TNMG previously reported in literature. No baby had Arthrogryposis which is a severe 

form of TNMG. Incidence of TNMG in our study was 14.3%. None of the babies in our group 

required mechanical ventilation. TNMG was present in 1 baby of mother who had MGFA 

deterioration. Previous studies reported an incidence of TNMG between 10 to 30 % and complete 

recovery within 1 month is the norm (58). The incidence was even lower, about 5%  in another 

study (58). 

Two AchR antibody negative patients in our group were later found to be MuSK antibody 

positive. However there was no major exacerbation in those patients during any stage of 

pregnancy. There is a paucity of data describing the course of pregnancy in MuSK myasthenia. 

Previous  studies suggest milder symptoms during pregnancy and presence of TNMG in neonates 

of MuSK antibody positive mothers (64) (65). However we postulate that proper control of 

myasthenic symptoms and early thymectomy in the prepregnancy stage itself could be a factor in 

avoiding exacerbations during pregnancy. 

 

MERITS AND LIMITATIONS 

Our study is the first of its kind from India where no previous studies were reported 

analysing course and outcome of myasthenia in pregnancy except few case reports. We have 

categorised patients based on MGFA score into no change, remission, deterioration and 

improvement and analysed stage wise change in MGFA prepregnancy to postpartum periods. This 

study provides insight into the variable nature of clinical course of Myasthenia in pregnancy 

eventhough overall none of our patients had a life threatening exacerbation or requirement of IvIg 

or PLEX. The reason for this being whether our subjects on adequate pharmacotherapy or due to 

the unpredictability of disease course itself needs to be ascertained through further studies. We 

have also made a note on MuSK antibody positive patients and pregnancy about which the 
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literature is scarce. We also addressed pregnancy and neonatal outcome in the presence of 

myasthenia along with pregnancy effect on myasthenia. 

Our study has the following demerits also; it is a retrospective chart based review and 

sample size was small. No comparisons were made with a control group such that complications 

occurred during pregnancy like abortions and PROM and neonatal outcomes of transient 

myasthenia are significant or not could not be ascertained. Two babies had presumed TNMG but 

antibody titres were not measured and a correlation between maternal antibody titre and severity 

of TNMG was also not assessed in our study. 
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CONCLUSIONS 

 

 Out of 227 females with myasthenia gravis, 15 subjects satisfied the inclusion criteria and 

a total of 17 informative pregnancies were analysed. 

 Around one third of subjects had only ocular MG at onset and 53 % were AchR antibody 

and 2% were MuSK antibody positive. 

 In the prepregnancy stage, all the subjects had mild weakness either having class I or class 

II MGFA score. 

 Myasthenia gravis course during pregnancy was generally unchanged with a deterioration 

of clinical status predominantly in the postpartum period (in 4 pregnancies) followed by a 

worsening in 2 pregnancies in 2nd trimester and 1 pregnancy in 1st trimester.  

 Regarding pregnancy outcome, 3 pregnancies had abortions; 2 spontaneous and 1 induced 

abortion and 2 subjects with spontaneous abortions were on immunomodulation with 

steroids and azathioprine and all 3 patients with abortions were on cholinesterase 

inhibitors. 

 About 86% of subjects were on pyridostigmine, 52% were on oral steroids and 26% on 

azathioprine during first trimester of pregnancy and 43% were on all the three 

medications together. 

 42.9 % pregnancies were delivered by Caesarian section and among the eight spontaneous 

deliveries, one was assisted delivery and one was preterm delivery. 

 Fetal outcome analysis showed poor APGAR scores in two neonates and presumed typical 

TNMG in 2 babies and there were no congenital anomalies. 
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ABBREVIATIONS 

MG – Myasthenia gravis 

NMJ – Neuromuscular junction 

AchR – Acetyl choline receptor 

MuSK – Muscle specific kinase 

LRP-4 – Lipoprotein related protein-4 

WHO – World Health Organisation 

LEMS – Lambert Eaton Myasthenic syndrome 

MGFA – Myasthenia gravis Foundation of America 

RNS – Repetitive nerve stimulation 

SFEMG – Single fibre electromyography 

TNMG – Transient neonatal myasthenia gravis 

NMG - Neonatal myasthenia gravis 

IUD – Intrauterine death 

BW – Birth weight 

LSCS – Lower segment Caesarian section 

APGAR – Appearance, Pulse, Grimace, Activity, and Respiration 

PROM – Premature rupture of membranes 

PLEX – Plasma exchange 
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PATIENT INFORMATION SHEET 

TITLE OF THE STUDY: ‘A retrospective study on Pregnancy in Myasthenia gravis’ 

Investigators:  

1. Principal Investigator: Dr Harikrishnan R, Neurology resident, Department of 

Neurology 

2. Co- investigator: Dr M D Nair, Professor and Head, Department of Neurology 

3. Co- Investigator: Dr Sruthi S Nair, Assistant Professor, Department of Neurology 

Sir/ madam, 

We invite you to take part in our study titled ‘A retrospective study on pregnancy in 

Myasthenia gravis’. Before you agree to participate in this research study, it is important that 

you read and understand this information sheet which will provide you with all the information 

needed for participation in this study so that you can make a well informed and considered 

decision about participation. In addition, should you have any questions, the investigator and 

her team members will be happy to answer them and explain to you more about this research 

study, the procedure involved and the related issues. You may ask them any questions you may 

have regarding the study, or ask them to explain any word or information that you don’t clearly 

understand. 

You are being asked to participate in this study as you have been diagnosed with a 

neurological disease called Myasthenia gravis. Acquired myasthenia gravis (MG) is an 

autoimmune disease in which autoantibodies against the acetylcholine receptor (AChR Abs) at 

the neuromuscular junction cause impaired neuromuscular transmission, leading to clinical 

weakness of skeletal muscles. 
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What is the purpose of this study? 

• The purpose of this study is to learn the effect of pregnancy on the course of myasthenia 

gravis, MG on pregnancy outcome and influence of drugs for MG on pregnancy 

outcome. 

If you take part what will you have to do? 

If you agree to participate in this study, you will be required to undergo an interview 

and physical examination and examination of your old documents by the examiner. During the 

study, you might give the data regarding your disease exacerbations and remissions during  

your pregnancy,any other comorbidities during your pregnancy,fetal outcome, any neonatal 

problems  and the  medications which you were taking before and after the pregnancy. 

Your participation in the study is purely voluntary, you have right to deny participation 

or withdraw consent, and there will be no difference in your treatment or follow up if you 

decide not to cooperate for the study. 

Will you have to pay for the investigations? 

You will not be charged for clinical examination. 

Any other treatment or investigation that is required for you will continue as previously 

and the usual arrangements that you have with the hospital will decide how much you pay for 

this. 

What happens if you are detected to have any fresh problems during the study? 

If our studies detect any new problem for you, we will direct you to your treating doctor 

for the appropriate management after discussing with you.  



 

69 

 

Will your personal details be kept confidential? 

The results of this study will be published in a medical journal but you will not be 

identified by name in any publication or presentation of results. However, your medical notes 

may be reviewed by people associated with the study, without your additional permission, 

should you decide to participate in this study. 

If you have any further questions, please ask Dr.Harikrishnan R (Tel: 8078135023) or email: 

hkrmnr@sctimst.ac.in 

 

Name of the PI: Dr Harikrishnan R 

Address and Contact Details: Senior Resident, Department of Neurology, 

SreeChitraTirunal Institute for Medcial Sciences and Technology, Medical College PO, 

Trivandrum -11 

Tel :8078135023 

Signature of the PI: 

For any clarifications regarding the study’s ethics clearance you may contact the 

Member Secretary of the SCTIMST-IEC. The phone number is: 0471-2524234, and the 

email id isiec.mem.sec@sctimst.ac.in 
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INFORMATION SHEET IN MALAYALAM 
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MALAYALAM CONSENT FORM 
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                                              PROFORMA 

 

Title 

A RETROSPECTIVE STUDY ON PREGNANCY IN MYASTHENIA GRAVIS 

 

1. DETAILS OF PATIENT 

Unique identification number  : 

Age     : 

Address                                               : 

 

Date of Recruitment                            : 

Phone No: 

Educational status                               :     Primary/ High school/ University 

Occupation                                           : 

2. Age of onset of symptoms   : 

3. Diagnosis by                                   : 

 

 

4. Status of Thymectomy:                                  If yes, Age at which Thymectomy done: 

 

 

5. Order of pregnancy:                                                           Age: 

 

 

Test Positive Negative 

Neostigmine test   

Acetylcholine Receptor 

Antibody 

  

Ice pack test   

RNS   
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 PRE 
PREGNANCY 
STATE 

1st TRIMESTER 2nd TRIMESTER 3rd TRIMESTER 3 MONTHS 
POSTPARTUM 

Symptoms      

Highest MGFA Score      

Medications 
 

 A) Steroids 

 B)Azathioprine 

C) Neostigmine- 

D) Pyridostigmine- 

E) PLEX/IvIg 

     

Medical  
complication (If Any 
Specify) 

     

Pregnancy  
related   

complications 
 
PPROM- 

NA    NA 

Fetal Details 
 
 Abortion- 

 
 IUD- 
 
 Stillbirth- 

NA    NA 

 

LABOUR: 

MODE OF DELIVERY Yes No 

VAGINAL   

If yes, 

 

-Spontaneous- 

 

-Forceps or vacuum assisted- 

  

LSCS 

 

If yes 

Indication: 
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NEONATAL OUTCOME: 

Preterm / Full term  

APGAR Score –  

 

 1min - 

 

 5min- 

 

Birth weight (kg)  

H/o NICU admission           Yes                          No 

Duration of ICU admission 

(days) 

 

H/o 

      - Mechanical ventilation 

         

        -NIV       

 

Duration of mechanical ventilation or 

NIV (days) 

 

Duration of hospital stay 

  (days) 

 

Transient neonatal MG 
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MGFA CLASSIFICATION 
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IEC CLEARANCE CERTIFICATE 
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PLAGIARISM CHECK REPORT 

 

 

INTERNET SOURCES: 

------------------------------------------------------------------------------------------- 

<1% - pubmed.ncbi.nlm.nih.gov/31048702 

<1% - dspace.sctimst.ac.in/jspui/bitstream/123456789/2733/1/... 

1% - emedicine.medscape.com/article/1171206-clinical 
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