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INTRODUCTION 

Patients with Myasthenia gravis (MG) or Lambert- 
Eaton syndrome (LES) may have worsening of symp- 
toms upon exposure to a variety of medications. Un- 
derlying disorders of neuromuscular transmission may 
affect presynaptic release of acetylcholine or the post- 
synaptic muscle fiber membrane at the end plate. Simi- 
larly, adverse drug effects can occur presynaptically 
(Argov Z et al., 1979). In a patient with a reduced safety 
factor for neuromuscular transmission, exposure to a 
drug or clinical state which further reduces the effi- 
ciency of neuromuscular transmission can result in 
significant clinical weakness (Mantegazza R et al., 
2011). 

Myasthenia gravis (MG) is one of the best- 
characterized human immune-mediated disorder. In- 
fantile onset of MG is much more common in the Chi- 
nese pediatric population. Many Caucasian patients 
present in adolescence or early adult life, and these are 
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most often female. MG is caused by serum antibodies 
binding to the nicotinic acetylcholine receptor (nAChR) 
on the postsynaptic surface of the neuromuscular junc- 
tion, and which is essential for neuromuscular trans- 
mission (Vincent A et al., 1983). The antibodies lead to 
loss of nAChR, resulting in progressive weakness and 
fatigue of voluntary muscles. But within an individual 
patient the level of antibodies correlates well with dis- 
ease status, and they are very rare (1%) in healthy sub- 
jects. A small percentage of patients (10–15%) with a 
clinical diagnosis of MG do not have detectable anti- 
AChR in their serum, this condition is probably due to 
antibodies directed at some other neuromuscular junc- 
tion target (Kaeser HE et al., 1984). 

MYASTHENIA GRAVIS 

First used for myasthenia gravis in 1984 in Intravenous 
Immunoglobulin (IVIG). The prototype NMJ disease is 
myasthenia gravis (MG). Familiarity with this disorder 
assists the clinician in recognizing others involving de- 
fective neuromuscular transmission. Furthermore, 
since MG is the most common of the junction diseases, 
it represents the most common clinical setting in which 
use of specific drugs may lead to clinical worsening 
(Benatar MA et al., 2006). Myasthenia gravis is an 
autoimmune disorder of neuromuscular transmission 
involving the production of autoantibodies directed 
against the nicotinic AChR antibodies are detectable in 
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the sera of 80-90% of patients with MG. Women are 
affected about twice as often as men. Symptoms may 
begin at virtually any age with a peak in women in the 
second and third decades, while the peak in men oc- 
curs in the fifth and sixth decades. Associated autoim- 
mune diseases such as rheumatoid arthritis, systemic 
lupus erythematosis, and pernicious anaemia are pre- 
sent in about 5% of patients. Thyroid disease occurs in 
about 10%, often in association with anti-thyroid anti- 
bodies (Conti-Fine BM et al., 2006) about 10-15% of 
MG patients have thymoma which is usually a benign 
tumor, and lymphoid hyperplasia with proliferation of 
germinal centers is present in 50-70% of patients. 

BACK GROUND 

The aim of this review was to summarize the findings 
of all population-based epidemiological studies of my- 
asthenia gravis (MG) paying attention to serological 
sub type- specific studies age and sex specific inci- 
dence. Myasthenia gravis (MG) is an autoimmune dis- 
ease usually caused by antibodies that block or destroy 
receptors for the neurotransmitter acetylcholine, lead- 
ing to muscle weakness and fatigue (Lennon VA et al., 
1978). It is likely to occur as the result of a number of 
disease entities that result in an indistinguishable clini- 
cal picture. There are paraneoplastic forms (thymoma- 
associated) and non paraneoplastic forms and the dis- 
order are immunologically heterogeneous - for exam- 
ple serum antibodies can be detected to muscle acetyl- 
choline receptors (AChR-Ab) or the muscle-specific 
receptor tyrosine kinase but not both in the same pa- 
tient (Drachman DB et al, 2008). 

In Old Days 

1934: Neostigmine introduced by Mary Walker. 

1935: ACTH administration shown to improve MG 
symptoms and shrink thymoma. 

1969: Azathiaprine administered 

1971: First successful corticosteroid trial 

DEFINITION 

Neuromuscular disorder characterized by weakness 
and fatigability of skeletal muscles. Underlying defect is 
decrease in the available acetylcholine receptors at 
NMJ, due to antibody mediated autoimmune. 

What causes MG 

MG develops in adult life as the result of a defect in the 
immune system. The immune system’s job is to pro- 
duce antibodies against bacteria and viruses. Unfortu- 
nately, it sometimes produces antibodies against “self” 
proteins causing “auto” immune disease (Fig. 1). The 
majority of patients with MG produce antibodies 
against a self-protein called the acetylcholine receptor 
(AChR). This is found at the junction (Fig. 2&3) between 
the nerve and the muscle (the neuromuscular junc- 
tion). It acts as a “receiver” for the chemical signal, 
acetylcholine that is released from the nerve when we 

want to use a muscle. The antibodies bind to the ace- 
tylcholine receptors on the muscle membrane and 
greatly reduce their ability to receive the chemical sig- 
nal. As a result the patient experiences muscle weak- 
ness which becomes worse as they repeatedly try to 
use the same muscle (Danial B Drachman et al., 1994). 
Although we now understand how antibodies to the 
acetylcholine receptor cause muscle weakness, we do 
not know why patients with MG develop these particu- 
lar antibodies. In some patients with MG, the thymus 
gland in the chest appears to be important in triggering 
the abnormal immune response. 

PATHOPHYSIOLOGY 

Myasthenia gravis is an autoimmune disorder immune 
response creates acetylcholine receptor (AChR) anti- 
bodies that cause the following the binding and activa- 
tion of complement at the neuromuscular junction that 
can lead to loss of AchR. Accelerated internalization 
and degradation of AChR molecules cross linked by 
antibody, resulting in loss of AChR (correlates most 
closely with clinical severity of disease), Functional 
AChR block that impairs binding of acetylcholine to 
receptor, leading to poor muscle contraction. Postsy- 
naptic membrane is destroyed and decreases available 
binding sites for acetylcholine, leading to muscle 
weakness (Muller-Hermelink HK et al., 1993). 

MYASTHENIA GRAVIS: SIGNS & SYMPTOMS (Somnier 
FE et al., 1997) 

  Fluctuating weakness increased with exertion Fluc- 
tuating exertion. 

  Eyes: ptosisptosis, diploplia, proptosis, EOM, weak- 
ness (Fig. 4). 

  Facial muscle weakness: mask face, horizontal 
smile, myasthenia sneer. 

  Dysarthria, dysphasia, open jaw, jaw. 

  Respiratory muscle weakness. 

  Limb muscle weakness (upper > lower). 

  Normal reflexes and sensation normal sensation. 
 

 

Figure 1: Schematic diagram of Myasthenia gravis 
 

Pharmacologic Challenge: Tensilon Test (Fig. 5) 
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✓ Give acetyl cholinesterase inhibitor. 

✓ Edrophonium Tensilon is short acting. 

✓ Evaluate pre/post weakness. 

CLINICAL PRESENTATION 

➢ Characteristic sporadic muscle weakness that wors- 
ens after affected muscles are used (fatigable 
weakness) (Iwasa K et al., 1988). 

➢ Usually presents first in the extrinsic ocular muscles 
and progresses to muscles in the extremities. 

➢ Bulbar symptoms – dysphasia, dysarthria. 

➢ Extra ocular muscle (EOM) weakness – diplopic 

✓ Symptoms are present in 2/3 of patients. 

✓ Disease is considered ocular MG if symptoms re- 
main limited to EOM (10% of patients). 

➢ Respiratory – respiratory failure in small percent of 
patients 

✓ Death in severe cases. 

✓ May be associated with thymoma. 

➢ Commonly associated autoimmune disorders (50% 
of patients). 

✓ Rheumatoid arthritis. 

✓ Systemic lupus erythematosus. 

✓ Pernicious anaemia. 

line, the neurotransmitter at the neuromuscular 
junction (NMJ). 

    The inhibition produced by these drugs increases 
the availability of acetylcholine to stimulate the 
acetylcholine receptors and so facilitates muscle 
activation and contraction. 

    Other treatments proposed for myasthenia gravis 
include drugs that suppress the immune system, 
including corticosteroids and azathioprine, and 
thymectomy (surgical removal of the thymus 
gland). 

    Only one small randomized controlled cross-over 
trial relevant to the treatment of myasthenia gra- 
vis was identified. It included three participants 
with ocular myasthenia gravis and seven with 
generalized myasthenia gravis who received intra- 
nasal neostigmine (an acetyl cholinesterase inhibi- 
tor) or placebo. 

    This varies over time and depends on other types 
of treatment given at the same time to inhibit the 
underlying autoimmune response (Gilhus NE et al., 
1898). 

 
 
 
 

 
 
 
 
 
 
 

 
Figure 2: Nerve terminal Position release acetylcho- 

line to Muscle fiber 
 

TREATMENT & MANAGEMENT 

1. Acetyl cholinesterase inhibitor treatment for myas- 
thenia gravis 

    Myasthenia gravis is a disease in which antibodies 
directed against acetylcholine receptors block the 
transmission of nerve impulses to muscles, causing 
fluctuating muscle weakness and fatigability (Marx 
A et al., 1989). 

    Acetyl cholinesterase inhibitors, including pyri- 
dostigmine, inhibit the breakdown of acetylcho- 

Figure 3: Blocking auto antibodies causes Myasthenia 

gravis 
 

2. Short-term immune therapies 

Plasma exchange and intravenous immunoglobulin are 
used for short-term treatment of MG exacerbations 
and when it is desirable to achieve a rapid clinical re- 
sponse. Plasma exchange temporarily reduces the con- 
centrations of circulating anti-AChR antibodies and 
produces improvement in a matter of days in most 
patients with acquired MG. Typically one exchange, 
removing one to two plasma volumes, is done every 
other day, up to a total of four to six times. Published 
reports indicate that plasma exchange effectively im- 
proves strength in most patients with severe MG. 
Common side-effects include hypotension and pares- 
thesias from citrate induced hypocalcaemia (Newsom- 
Devis J et al., 1989). The standard dosage regimen for 
intravenous immunoglobulin (1–2 g/kg) involves the 
infusion of large volumes and is very expensive. Al- 
though rare, severe complications do occur, some of 
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which are related to the large volume and high viscos- 
ity of the infused preparation. 

3. Long-term immune therapies 

Most therapeutic recommendations on the use of 
chronic immunosuppressive agents for MG are based 
on evidence from either small, randomized controlled 
trials. 

A. Corticosteroids 

Corticosteroids were the first immunosuppressant 
medications to be used in MG, and remain the most 
commonly used immuno-directed therapy. In four 
large retrospective series of steroid treatment for gen- 
eralized MG, administered at various doses, more than 
73% of the 422 patients treated achieved either 
marked improvement or remission. Oral prednisone at 
relatively low doses (20 mg/day, increased by 5–10 
mg/day every 3 days until symptoms resolve) might be 
more effective than anticholinesterase drugs in ocular 
MG (Gold R et al., 2008). 

Prednisone should therefore be considered in all pa- 
tients with occular MG who do not achieve full control 
of symptoms with anticholinesterase medications. Al- 
though not definitive, evidence suggests that corticos- 
teroid treatment might delay or reduce the frequency 
of progression of ocular MG to generalized disease. 

B. Non-steroidal immunosuppressive agents 

I) Azathioprine is a purine antimetabolite that inter- 
feres with T-cell and B-cell proliferation. Retrospective 
studies indicate that azathioprine is effective in 70– 
90% of patients with MG, but the onset of benefit 
might be delayed for as long as 12 months. Azathio- 
prine (initiated at 50 mg daily) can be used alone or as 
a steroid-sparing agent in MG, but when used in com- 
bination with prednisone it might be more effective 
and better tolerated than prednisone alone. 

II) Cyclosporine inhibits T-cell proliferation via disrup- 
tion of calcineurin signaling, which blocks the synthesis 
of interleukin 2 and other proteins essential to the 
function of CD4 T cells. Its efficacy in MG has been sug- 
gested by a small, randomized, placebo-controlled 
clinical trial, and retrospective studies have supported 
its use as a steroid-sparing agent (Somnier FE et al., 
1995). 

III) Tacrolimus (FK506) has a similar mechanism of ac- 
tion as cyclosporine, and potential benefit in MG. 

C. Other immunosuppressive agents 

A small percentage of patients with MG are refractory 
or develop intolerable side effects to treatment with 
corticosteroids in combination with one or more of the 
immunosuppressive agents described above. Agents 
that can be considered in these refractory patients 
include cyclophosphamide and rituximab. In a recent 
randomized controlled trial, pulsed doses of intrave- 
nous cyclophosphamide (500 mg/m2) given to patients 

with refractory MG improved muscle strength and re- 
duced steroid requirement. Rituximab is a chronic 
monoclonal antibody directed against the B-cell sur- 
face marker CD20 (Simpson JA et al., 1982). It effec- 
tively reduces circulating B-cell counts, and on the ba- 
sis of its potential targeting auto reactive B-cell clones, 
might have a therapeutic role in antibody-mediated 
autoimmune diseases. 

 
 

Figure 4: The “morning rounds post call sign” 

DIAGNOSTIC TESTS FOR MYASTHENIA GRAVIS 

Ameliorative test: Edrophonium 2-10 mg injected 
slowly i.v. improves muscle strength only in myasthe- 
nia gravis and not in other muscular dystrophies. 

Provocative test: Myasthenia are highly sensitive to d- 
tubocurarine, 0.5 mg i.v. causes marketed weakness in 
them but is effective in non-myasthenics. This best in 
hazardous facilities for positive pressure respiration 
must be at hand before performing it (Donger C et al., 
1998). 

Demonstrated of anti-NR antibodies in plasma or mus- 
cle biopsy specimen is a more reliable test (Fig. 6). 

 
 
 
 
 
 
 
 
 
 
 

Figure 5: Tensilon test difference in Face (Man) 

Laboratory Testing 

  Serum antibody testing: Positive test is diagnostic of 
MG 

➢  Anti-AChR measurement. 

➢  Positive in 85-90% of patients. 

➢  Specificity approaches 100%. 

➢  Negative AChR does not exclude disease. 

➢  Approximately 50% of ocular MG patients are 
negative for this antibody. 

Anti-Musk: MUSK is a transmembrane endplate poly- 
peptide involved in a signaling pathway that maintains 
the normal functional integrity of the NMJ (Ohno K et 
al., 2000). 
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Figure 6: Schematic representation diagnosis of Myas- 

thenia gravis 
 

  Maintenance of AChR clustering at the muscle end- 
plate, 

➢ Detectable in 30-40% of anti-AChR negative pa- 
tients. 

➢ Do not order if clinically, patient has isolated occu- 
lar MG. 

➢ Bulbar symptoms more common if this antibody is 
present. 

  Anti-striation protein: 

➢ Detectable in 70-80% of thymomatous MG and 20- 
30% of non thymomatous MG patients. 

➢ Rare in ocular MG. 

Other Testing 

  Consider anticholinesterase testing (Tensilon test 
using edrophonium) in AChR-negative patients im- 
provement in muscle strength is diagnostic of MG. 

  Repetitive stimulation or single-fiber electro my- 
ogram. 

➢ Positive in 90% of MG patients – demonstrates a 
primary postsynaptic neuromuscular junction dis- 
order. 

Differential Diagnosis 

  Guillain-Barre syndrome 

  Amyotrophic lateral sclerosis (Lou Gehrig disease) 

  Eaton-Lambert syndrome 

  Botulism 

  Brainstem/cavernous sinus lesions 

  Enterovirus (poliomyelitis) 

  Polymyositis 

  Acute intermittent porphyria 

  Drug-related myopathy 

  Corticosteroids 

THYMECTOMY 

Since the thymus can be abnormal inpatients with MG, 
surgical removal of the thymus (thymectomy) is rec- 
ommended for some patients. Following thymectomy, 
MG symptoms do not usually improve in-patients with 
a thymoma, but may improve in young patients with an 
enlarged thymus. In these patients, approximately 1 in 
4 is cured by thymectomy, 2 in 4 have significant im- 
provement, but 1 in 4 does not improve. Improvement 
following thymectomy is usually apparent in the first 
year, but may take up to 3 years to occur (Andrew G et 
al., 2003). If the patient recovers, or improves signifi- 
cantly following thymectomy, then they may not need 
any additional therapy. But many patients will need 
further treatments. 

CONCLUSION 

Myasthenia gravis is a potentially fatal condition that 
should be considered in elderly patients with bulbar 
symptoms. Statin medication should be introduced 
cautiously and considered as a potential cause or pre- 
cipitant of worsening muscle strength in patients with 
myasthenia gravis. The diagnosis is often difficult to 
ascertain because of the frequent absence of a family 
history of the disease, and because of the pre- 
eminence of the myopathic signs compared with myas- 
thenia signs. The early onset of the first symptoms, the 
presence of fluctuations, the demonstration of a neu- 
romuscular block, repetitive CMAP after single stimula- 
tion and the cholinesterase. 
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