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MYASTHENIA GRAVIS 



MYASTHENIA 
GRAVIS:

is an autoimmune disease in which the 
lymphocytes in the blood produce antibodies 
that destroy muscle-cell sites for the 
reception of acetylcholine molecules. 
Normally, acetylcholine is used in signal 
transmission between nerves and muscles, 
its ultimate goal is to provide for muscle 
contractions. Therefore, in myasthenia 
gravis, in which acetylcholine receptors are 
destroyed, muscle contractions cannot be 
initiated.



Neuromuscular abnormalities in MG are conditioned by an 
autoimmune response mediated by specific anti-AChR 
antibodies.

PATHOLOGICAL PHYSIOLOGY 



CLINICAL  
MANIFESTATIONS:

PATHOLOGICAL FATIGABILITY 

- General (more expressed in the 
evening, to the effort)

- Upper eyelid ptosis 

- Strabismus (diplopia) 

- Dysarthria 

- Mastication disorders

- Swallowing disorders



Clinical manifestations.                
Simpson’s test
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INTRODUCTION
This ‘How to do it’ series presents a paradox. The 
aim is simple – an expert advises a relative novice 
on the best approach to a particular problem, in 
this case the confi rmation of a suspected diag-
nosis of myasthenia gravis. However, in reality 
the approaches of the expert and the novice are 
quite different. The expert subconsciously uses 
their enormous experience of the condition to 
make a gestalt diagnosis, and might then use one 
or two carefully chosen tests to provide labora-
tory confi rmation, being familiar with the 
false-positive and false-negative implications of 
each test. The less experienced misinterprets the 
clinical picture, arranges inappropriate investi-
gations, and is then caught out by false-positive 
fi ndings. It is partly because of such considera-
tions that patients increasingly demand access 
to specialist rather than general clinics. This 
paradox aside, the aim of this review is to offer 
some advice from the experienced to the less 
experienced, particularly noting some of the 
pitfalls.

CLINICAL ASSESSMENT
This is not the place to review the clinical fea-
tures of myasthenia (see ‘Further Reading’). 
But one or two points are worth emphasizing. 
Although fatigue is a classical feature, it is not 
always present or readily demonstrable, and fur-
thermore not everything that appears to fatigue 
is myasthenia. Striking fatigue, such as rapidly 
evolving ptosis during up gaze (Figure 1), eye 
drift on sustained lateral or vertical gaze, or 
profound dysarthria developing during his-
tory taking, are near-enough pathognomonic. 
On the other hand, some apparent increase 
in weakness when repeatedly testing shoulder 
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Figure 1 Marked fatigue is virtually pathognomonic 
of myasthenia gravis. (a) Immediately after eyes 
opened, following resting with eyes closed. (b) 15 s 
later.

(a)

(b)
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MYASTHENIC 
CRISIS:

Progressive weakness despite increasing 
anticholinesterases is a sign of the onset of 
a cholinergic or myasthenic crisis. 

Patients with progressive respiratory difficulty 
or handling their secretions and not 
responding to relatively high doses of 
anticholinesterases are best treated by 
tracheal intubation or tracheostomy, support 
with a ventilator, and intravenous feeding. 
Refractoriness to drug therapy usually 
disappears in a few days. 



COMPLEMENTARY

INVESTIGATIONS: • Prozerine (Tensilon) test

• Electroneurograpgic stimulodection 
examination

• EMG examination with single-fiber 
electrode (Jitter phenomenon)

• Examination of mediastinum by CT or 
MRI method (thymoma?)

• Blood analysis on AntiAchR and 
AntiMusk antibodies 



TENSILON (edrophonium chloride) test

l A 10 mg edrophonium chloride syringe and a 
2 mg atropine syringe are prepared. Atropine is prepared 
for immediate use in case cholinergic crisis occurs. After a 
neurologic examination and recording of vital signs, first 
2 mg edrophonium is injected intravenously. After waiting 
30 seconds and ensuring that no adverse reactions 
occurred, the remaining 8 mg of edrophonium is also 
injected. A patient suffering from myasthenia gravis 
experiences improvement in muscle strength and 
endurance with repetitive movements, while normal 
persons do not feel any difference. 



TENSILON (edrophonium chloride) test



Stimulus detection test (ENG)
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abduction or hip fl exion may be evident in a 
wide range of disorders, including nonorganic 
conditions, and in isolation should be viewed 
with considerable caution.

INVESTIGATIONS
The various investigative techniques will be re-
viewed, commenting on sensitivity and specifi -
city, followed by recommendations as to their 
practical application.

Anti-acetylcholine receptor 
antibody assay
For all practical purposes, this can be considered 
a gold standard because false positive results are 
exceedingly rare. Unfortunately, this remark-
able specifi city is not matched by sensitivity. 
With the most commonly used (and indeed 
the only generally available) assay, the test is 
positive in about 50% of patients with purely 
ocular myasthenia and in 85% with generalized 
myasthenia gravis. Assays for other specifi c an-
tibodies in apparently seronegative patients may 
become available soon (e.g. antimuscle specifi c 
kinase antibodies).

Therefore, in a patient with clinical evidence 
of myasthenia gravis and a positive antiacetyl-
choline receptor antibody, no further investi-
gations to establish the diagnosis are required. 
However, a scan of the thymus is essential (see 
below).

Neurophysiological studies
The most widely-used test is supramaximal 
stimulation at 3Hz of a peripheral nerve, with 
recording of the compound muscle action po-
tential of an the appropriate muscle. An abnor-
mal response is defi ned as a drop in amplitude 
of more than 10% between the fi rst and fi fth 
responses (Fig. 2). Lesser falls are seen in normal 
individuals and may be misinterpreted as sug-

gestive of myasthenia. The test is more likely to be 
positive in somebody with generalized myasthe-
nia gravis than with purely ocular disease, and in 
those with readily-demonstrable weakness, but 
even then it has limited sensitivity (~70%).

The most sensitive neurophysiological test 
for mysthenia is single fi bre electromyography, 
with the demonstration of increased jitter with 
or without blocking (Fig. 3). This is technically 
very demanding and the most reliable results 
come from those operators who perform the 
test day-in and day-out. Few centres can offer 
such expertise. Studies of orbicularis oculi are 
particularly useful in patients with suspected 
ocular myasthenia who are anti-acetylcholine 
receptor antibody negative. However, increased 
jitter may also be seen in mitochondrial chronic 
progressive external ophthalmoplegia, which is 
an important differential diagnosis from ocular 
myasthenia, but blocking is rarely seen, in con-
trast to myasthenia gravis.

The Tensilon test
Edrophonium (Tensilon; Cambridge Labora-
tories, Newcastle-upon-Tyne, UK) is a short-
 acting anticholinesterase, which may transiently 
improve the weakness associated with myasthe-
nia gravis. The pharmacological principle is 
simple, and the drug is readily available, even 
in non-specialist units, because it is used by 
anaesthetists. In some patients the response is 
dramatic with Lazarus-like rising from the bed. 
These factors have combined to make the ‘Ten-
silon test’ very popular, but caution needs to be 
exercised because both false-positive and false-
negative results are fairly common and, albeit 
rarely, adverse reactions can occur.

False-positives
Transient, objective, improvement in strength 
may be seen in other neuromuscular disorders 
including amyotrophic lateral sclerosis (motor 
neurone disease). Indeed, some authors have 
advocated the use of anticholinesterase drugs 
to improve swallowing in patients with motor 
neurone disease. I have seen patients with 
 mitochondrial chronic progessive external oph-
thalmoplegia referred as having myasthenia on 
the basis of a positive Tensilon test, but haven’t 
repeated the test myself to see if such patients 
really do truly respond (accepting that some re-
sponse may indeed occur). It may be possible to 
reduce some false-positive responses by blind-
ing the patient to the test, as outlined below.

Figure 2  Compound muscle 
action potential in response to 

repetitive nerve stimulation. 
Note the decrement between the 
fi rst (black arrow) and fi fth (grey 

arrow) responses. Courtesy of Dr 
R. Kennett.
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Decrement A1/A4 >12% means +



Single fiber EMG („jitter”)
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False-negatives
Quite simply, some patients with myasthenia, 
whether ocular or generalized, may simply 
not respond to edrophonium (in the same way 
that some do not gain any useful benefi t from 
pyridostigmine used therapeutically – although 
one does not necessarily predict the other). The 
overall false-negative rate is probably about 
10%.

The test
It is not possible to perform the test in truly dou-
ble-blind fashion. The injection of edrophoni-
um almost invariably produces symptoms and 
signs evident to the subject and observer. Ab-
dominal cramping and twitching of the eyelids 
and watering of the eyes are common. Rarely, 
bowel evacuation is induced. These symptoms 
are largely prevented by prior administration of 
atropine. Thus, the patient can be told that they 
will receive two injections, only one of which is 
the active agent, implying that the order will be 
random, whereas in fact the atropine is always 
given fi rst. Whether this minor subterfuge is 
truly helpful is perhaps open to question!

An intravenous canula is positioned and at-
ropine 0.6 mg is injected (like the edrophonium 
injection about to be discussed, this may also be 
given in two steps). The appropriate muscle 
strength testing is performed. After a couple 
of minutes, edrophonium 2 mg is injected. If 
there is no certain muscle response and there 
are no adverse effects, then after about 30 s the 
remaining bolus of 8 mg is injected and muscle 
testing repeated.

It is generally much easier to be certain of an 
objective improvement of ptosis or an increase 
in the range of eye movements than it is to be 
certain of an increase in limb strength, which is 
fortunate as it is ocular myasthenia that presents 
more diagnostic diffi culties than generalized 
myasthenia.

A marked objective response is strongly sup-
portive of myasthenia gravis (imagine pictures 
in Fig. 1 being reversed and the eyelid opening 
representing a response to Tensilon!). Lesser 
responses may represent a false-positive and be 
misleading. If there is uncertainty about the re-
sponse it is best to assume it is negative. A patient 
was recently referred to me with a diagnosis of 
myasthenia gravis solely on a Tensilon test that 
was judged positive on the result of a democratic 
poll of 10 observers! The diagnosis was wrong.

Complications
These are uncommon but when they do happen 
can be serious, including cardiac arrhythmias, 
respiratory failure and seizures. Resuscitation 
facilities should always be available and the test 
should not be performed in the dark recesses of 
a busy out-patient clinic.

Despite the reservations expressed, the Ten-
silon test can be a useful diagnostic aid, particu-
larly if the patient is anti-acetylcholine receptor 
antibody negative, has normal neurophysiolog-
ical studies, and has predominant ocular signs. 
It is not necessary in all patients, and specifi cally 
not in those in whom the diagnosis of myasthe-
nia has already been established by antibody 
tests or neurophysiological studies.

Figure 3  Variable interpotential 
interval (‘jitter’) when recording 

from two muscle fi bres within the 
same motor unit. Courtesy Dr R. 

Kennett.
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THYMOMA? 
CT or MRI examination of mediastinum

CTThymoma is found in 20% of 
patients with MG.



Why Thymoma and MG ?

?
Thymoma è thymic follicular hyperplasia è

ectopic germinal centers è

AChR antibody!



Blood analysis on AntiAchR 

l test is for antibodies against the 
acetylcholine receptor; the test has a 
reasonable sensitivity of 80–96%, but in 
ocular manifestations, the sensitivity falls 
to 50%.



THERAPY OF 
MYASTHENIC 
CRISIS:

1.Removal of the thymus.

2.Anticholinesterase drugs

3. Immunosuppression therapy

4.Plasmapheresis.

5. Intravenous immunoglobulin 
therapy 



THYMECTOMY : Increases the remission rate and also improves 
the clinical course of the disease. Controlled 
studies of thymectomy according to age, sex, 
severity and duration of disease have never 
been carried out. However, there is general 
agreement that the best response is in young 
women with a hyperplastic thymus gland and 
a high antibody titer. 



ANTICHOLINESTERASE 
DRUGS 

Pyridostigmine bromide (Mestinon, Kalymine) 
(60 mg tablets) acts for 3 to 4 hours. 
Neostigmine bromide (Nivalin) (15 mg 
tablets) acts for only for 2 to 3 hours and has 
more muscarinic side effects than 
pyridostigmine bromide. 

In critically ill patients or postoperatively 
intramuscularly injectable pyridostigmine 
bromide (the dose is one thirtieth of the oral 
dose) or neostigmine methylsulfate (the dose 
is one fifteenth of the oral dose) can be used.  



IMMUNOSUPRESSION  

THERAPY Alternate-day prednisone therapy.

Alternate day prednisone therapy significantly 
improves the disease in more than half the 
patients, but initially the drug may worsen the 
disease. The safest treatment schedule 
begins with 25 mg on alternate days; this is 
raised in 12.5 mg steps every 6 days until 
either 100 mg or maximum benefit is 
reached (Seybold and Drachman 1974). In a 
careful study, the average time for significant 
improvement was 5 months and the average 
dose 68 mg on alternate days (Tindall 1980).  



IMMUNOSPPRESSION  

THERAPY Azathioprine in doses of 2 to 3 mg/kg per day 
results in improvement in up to 90% of 
patients. The minimum time for improvement 
is 3 months, and about half the patients 
relapse when the medication is withdrawn 
(Mantegazza et al 1988). The side effects 
include hematological reactions (18%), 
serious infection (7%), gastrointestinal 
irritation (8%), hepatotoxicity (6%) (Mertens 
et al 1981; Hohlfeld et al 1988; Mantegazza 
et al 1988). 



IMMUNOSPPRESSION  

THERAPY Cyclophosphamide and cyclosporine have 
also been used in myasthenia gravis, but 
their therapeutic effects have not been 
shown to be superior to that of azathioprine. 



RECECENT CHANGES 
IN THE TREATMENT 
OF MG

ECULIZUMAB

RITUXIUMAB

ROZANOLIXIZUMAB

EFGARTIGIMOD

MONARSEN



PLASMAPHERESIS : Plasmapheresis is indicated in severe 
generalized or fulminating myasthenia gravis 
refractory to other forms of treatment. 

Daily exchanges of 2 liters of plasma result in 
improvement in a few days. Plasmapheresis 
alone does not confer greater long-term 
protection than immunosuppressants alone 
(Hawkey et al 1981).



INTRAVENOUS 
IMMUNOGLOBULIN 
THERAPY:  

A dose of 400 mg/kg for 5 consecutive days or 1 
g/kg on 2 consecutive days may improve severe 
myasthenia gravis within 2 to 3 weeks from the 
start of therapy. The mean duration of the 
response is 9 weeks in patients also treated with 
corticosteroids and 5 weeks in those who are 
not treated (Arsura 1989).





LOW-DOSE TOTAL 
BODY IRRADIATION 
: 

administered over several weeks has resulted in 
improvement lasting longer than 2 years in 5 of 
12 patients with chronic generalized severe 
myasthenia gravis (Durelli et al 1993). The long 
term risks of this form of therapy remain 
unknown. 



DRUGS WITH 
UNDESIRED 
EFFECTS INCLUDE : 

aminoglycoside antibiotics (eg, streptomycin, 
polymyxin, colistin, kanamycin, gentamicin), 
quinine, quinidine, and procainamide. These 
agents reduce the safety margin of 
neuromuscular transmission and should be 
avoided or used with great caution. Ampicillin, 
erythromycin, chlorpromazine, morphine and b-
adrenergic blockers can also worsen defects of 
neuromuscular transmission and should be used 
with caution. The contrast agent for magnetic 
resonance imaging, gadolinium diethyline-
triamine-pentaacetic acid can also worsen 
myasthenia gravis (Engel 1994a). 



ALSO TAKE INTO 
ACCOUNT:

PHYSICAL EFFORT

PSYCHO-EMOTIONAL STRESS

FOOD

LIFESTYLE
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