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Management of myasthenia gravis

In this article, Susan Allen describes the symptoms of myasthenia gravis and what support pharmacists can give

Figure 1: Drooping eyelids and double vision are common symptoms
of myasthenia gravis

yasthenia gravis (MG) is an auto-
Mimmune disorder causing impaired

neuromuscular transmission in skeletal
muscle. The term, derived from Greek and
Latin, means grave (gravis) muscle weakness
(myasthenia). MG can occur at any age,
although it is rare under the age of 10 years.
There are peak incidences between 10 and 30
years (where more women than men are
affected) and 60 and 70 years (where more
men are affected). The condition is not hered-
itary but genetic factors play a part and the
risk of developing MG is slightly increased
for close relatives of autoimmune disease
sufferers.

Symptoms

Patients with MG complain of specific mus-
cle weakness but not general fatigue. This
weakness worsens with repeated or sustained
use of the muscle. It is typically worst at the
end of the day and improves with rest.

In two thirds of patients with MG, the
muscles controlling eye and eyelid movement
are the first to be affected. The patient expe-
riences intermittent drooping of the eyelids
(ptosis; see Figure 1) and double vision, which
worsens during the day or with repeated or
focused use (eg, after driving, reading or
watching television) and is aggravated by
tiredness. Other initial symptoms include dif-
ficulty chewing, swallowing, smiling or talk-
ing (the voice often has a nasal tone) and loss
of facial expression (a smile can look like a
grimace), as a result of oropharyngeal muscle
weakness. This occurs in one sixth of patients.
Limb weakness, mainly of the upper body, is
the presenting symptom in one tenth of cases
and, typically, these patients have difficulty
raising their arms above their head.

Patients experience periods of relapse and
remission. In remission, they can lead normal
or near normal lives. Symptoms fluctuate and
tend to worsen in hot weather, during or
immediately after infections, before menstru-
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Identify knowledge gaps

1. What impact can myasthenia gravis have on
daily activities?

2. How is myasthenia gravis managed?

3. What drugs can exacerbate symptoms?

Before reading on, think about how this article may
help you to do your job better. The Royal
Pharmaceutical Society’s areas of competence for
pharmacists are listed in “Plan and record”,
(available at: www.rpsgh.org/education). This
article relates to “using knowledge and skills to
benefit patients” (see appendix 4 of “Plan and
record”).

ation and after childbirth. Symptoms can also
change during pregnancy: they worsen in a
third of patients and improve in a third.

Occasionally, MG resolves spontaneously,
but for most patients the condition is life-
long. If symptoms affect only the eye muscles
for longer than two years, the condition is
unlikely to spread and the patient is said to
have ocular myasthenia. However, in 90 per
cent of cases other muscles are involved, with
weakness typically spreading down to the
lower face, neck and throat and, sometimes,
the skeletal muscles of arms and legs, and else-
where — this is known as generalised MG.
Patients can be droopy, listless and unable to
perform everyday activities.

Weakness in chest muscles, if severe, can
cause a myasthenic crisis, where difficulties
breathing can be life-threatening. Crises are
seen less often now that treatment with
immunosuppressants is used (see below) but
they may occur with worsening disease or
infection. Respiratory failure can be sudden
and any dypsnoea, or more dysphagia than
usual, should be quickly investigated.

Diagnosis

MG is a rare disease affecting one in 20,000
people in the UK. However, almost all patients
are treated with drugs so pharmacists should
be aware of the condition.
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Panel 1: Physiology of neuromuscular transmission

Normal neuromuscular transmission
At a junction (synapse) between a nerve and a muscle fibre, the transmitting chemical is
acetylcholine (ACh). ACh is held in vesicles in the axon terminal. Upon arrival of a nerve
impulse (action potential) at the terminal, an influx of calcium ions causes fusion of the
vesicles with the presynaptic membrane and release of ACh into the synaptic cleft. The
ACh moves across the synapse and binds with nicotinic ACh receptors in the post-
synaptic membrane of the muscle fibre. Because the synaptic gap is so small, there is a
high probability that most of the ACh molecules (around 2 million) will collide with a
receptor within a few milliseconds. Receptor stimulation causes increased permeability of
the post-synaptic membrane to sodium ions, leading to an excitatory potential and muscle
contraction. ACh remains bound to receptors for around 2ms, then disassociates and is
hydrolysed by the enzyme acetylcholinesterase.

The number and concentration of ACh receptors are controlled by muscle specific
kinase (MuSK) receptors on the motor end plate.
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Figure 2: Motor end plate in myasthenia gravis

Neuromuscular transmission in MG

Most patients with MG have serum IgG antibodies to ACh receptors, which bind to them
and destroy their ability to receive ACh. When a nerve impulse reaches the synapse, ACh
is released normally but its effect at the post-synaptic membrane is reduced. As a result,
the muscle does not function normally and the patient experiences muscle weakness
which becomes worse as he or she repeatedly tries to use the muscle. The receptors are
continually regenerated and competition between ACh receptor antibodies and ACh is
ongoing.

Because initial symptoms are commonly
droopy eyelids and double vision, optometrists
as well as GPs are consulted. Clinical signs may
not be evident at the time of consultation
because symptoms can fluctuate within a day
and from day to day. The symptom history,
however, often suggests MG. Confirmation
and diagnosis requires referral to a neurologist.
Referred patients are observed and have their
antibody status assessed.

Serum IgG antibodies to acetylcholine
(ACh) receptors are seen in about 85 per cent
of patients with generalised MG and 50 per
cent of those with ocular MG." Around half
those without identifiable ACh receptor anti-
bodies have muscle specific kinase receptor
antibodies (MuSK; see Panel 1). Patients with
these antibodies are more likely to be female
and under 40 years of age.

Electromyography, which measures the
level of muscle contraction in response to
electrical stimulation, is also used in diagnosis.
In patients with MG, response diminishes with
repeated stimulation. Other diagnostic meth-
ods include the Tensilon test where intra-
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venous edrophonium is administered. This
gives a marked short-lived (about five min-
utes) improvement in muscle power in MG
patients. Chest scans in MG patients often
show an enlarged thymus (70 per cent of
patients) or the presence of a thymic tumour
(10 per cent).

Treatment

Of all the autoimmune diseases, MG is the
best understood (see Panel 1) and can be
managed effectively with drugs. There is a
three-pronged approach to treatment:

Prescribing an acetylcholinesterase in-
hibitor (anticholinesterase)

Immune suppression

Surgical removal of the thymus
(thymectomy)

Anticholinesterases The first-line drug
treatment for MG is with an anti-
cholinesterase to prolong the presence of
ACh in the neuromuscular synapse.
Pyridostigmine is the preferred drug because
it has a smoother dose response curve and
longer duration of action than neostigmine
and fewer gastric side effects. (The eftect of
neostigmine tends to drop rapidly after it
peaks and this can complicate the timing of
doses.)

Gastric side effects, such as diarrhoea and
abdominal cramps, are the most frequent rea-
son for patients wanting to stop taking an
anticholinesterase. Other side effects include
bradycardia, sweating and increased salivary
and gastric secretions. Many of these side
effects are caused by the drug acting at mus-
carinic receptors so an antimuscarinic, such as
propantheline, is sometimes co-prescribed
it side-effects are troublesome, but prescrib-
ing requires the close supervision of a
neurologist.

Starting doses of pyridostigmine are low.
In most clinics, doses are gradually increased
according to a regimen that has been found
to reduce the incidence of side-eftects: 30mg
bd for two days; then 30mg five times a day
for four days; then alternating 60mg and
30mg doses, five times a day for six days; then
increasing to 60mg five times a day. Clinicians
call this the “2-4-6 induction regimen”. The
patient can stop increasing and maintain the
dose at a level that achieves acceptable symp-
tom reduction and the fewest unacceptable
side effects.

The need for anticholinesterases varies.
Doses can require frequent adjustment ac-
cording to individual response to the drug,
symptom fluctuation and activity levels.
Different muscles respond difterently; with
any dose, some muscles become stronger
whereas others do not, and others still might
become weaker. Care must be taken with
dosing because excessive doses can cause a
depolarising block (the muscle no longer
responds due to overstimulation) and precip-
itate a cholinergic crisis (paralysis and respira-
tory failure), which can be difficult to
distinguish from worsening MG symptoms.
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The total daily dose of pyridostigmine should
not usually exceed 450mg and if the total
daily dose required for satisfactory symptom
control exceeds 360mg, immunosuppressant
therapy is indicated (see below).
Edrophonium, used in the diagnosis of
MG, can also be used to find out if a patient’s
treatment dose is inadequate (it results in a
short-lived improvement) or excessive (it has
no effect or intensifies symptoms).
Anticholinesterases are contraindicated in
patients with asthma, cardiac conduction
defects, urinary and intestinal obstruction.

Corticosteroids Most patients do not
achieve satisfactory control of their symptoms
with pyridostigmine alone and require a cor-
ticosteroid to suppress antibody production.
The drug of choice is prednisolone, which is
effective at reducing or eliminating symptoms
and may modify the long-term course of the
illness. Starting doses are low (initially 10mg
on alternate days) and increased gradually (to
1-1.5mg/kg and a maximum of 100mg on
alternate days) until symptoms are controlled.
Around 10 per cent of patients experience a
worsening of symptoms for the first two to
three weeks of treatment but then symptoms
start to improve and a maximum therapeutic
response is seen after two to six months.
Once remission is achieved, the dose can be
gradually reduced to the lowest effective level
(10-40mg on alternate days, according to the
British National Formulary, but in practice
lower doses can be sufficient when used
alongside other immunosuppressants).

Prednisolone is a long-term treatment and
patients should receive concurrent osteo-
porosis prophylaxis and gastric protection.

In cases of ocular MG pyridostigmine
alone can be sufficient to alleviate symptoms,
but early treatment with a corticosteroid can
reduce the likelihood of progression to gen-

eralised MG.

Other immunosuppressants Azathio-
prine is used to manage more severe cases of
MG. It allows lower steroid doses so is often
started at the same time as prednisolone in
generalised MG. Doses are started low and
increased to 2-2.5mg/kg daily over three to
four weeks. Some clinical improvement is
seen after three to nine months but maxi-
mum effect may not be achieved for up to
three years.

Methotrexate or mycophenolate mofetil
(unlicensed indication) are used as alternatives
to azathioprine. Ciclosporin is used as a third
choice. Patients taking immunosuppressants
require regular blood tests to monitor for
signs of myelosuppression (eg, anaemia or
leucocytopenia).

Thymectomy The thymus gland is a small
gland in the upper chest and, along with the
rest of the endocrine system, it maintains a
healthy immune system. The main role of the
normal thymus is to aid the proliferation and
differentiation of mature T-lymphocytes. The
role of T-cells from the thymus is to turn on
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Panel 2: Examples of drugs known to affect
neuromuscular transmission

Immunomodulators Penicillamine can cause a myasthenic syndrome and even resultin
circulating ACh receptor antibodies. The effect is reversible and a patient would expect to
recover fully several months after withdrawal of the drug.

Aminoglycosides Aminoglycosides can impair neuromuscular transmission and so are
contraindicated in MG. The proposed mechanism is aminoglycoside interference with ACh
release at the presynaptic membrane, which can be reversed by administering calcium.!

Tetracyclines Tetracyclines have weak neuromuscular blocking properties and should be
used with caution in patients with MG. This might be because tetracyclines chelate
calcium and decrease ACh release.”

Ketolides The first ketolide antibiotic, telithromycin, has been shown to worsen MG and
there has been one reported fatality. Manufacturers recommend avoiding its use in
patients with MG unless there is no alternative.

Quinolones Quinolones have been shown to interfere with ACh release at the
neuromuscular junction and should only be used with caution in MG. Ciprofloxacin has
been linked to both worsening and induction of MG and norfloxacin with worsening MG
symptoms.

Beta-blockers Beta-adrenergic receptor blocking drugs can cause the side effects of
fatigue and muscle weakness (although these effects tend to lessen with continued
treatment) and so, theoretically, might worsen MG symptoms. There have been reports of
induction of myasthenic symptoms in patients given propranolol.

Psychotropics Transient muscle weakness and a myasthenic-like syndrome are known
early side effects of lithium. Lithium has been reported to induce myasthenic symptoms,
but neither myasthenia nor myasthenic syndromes have been reported to the Committee
on Safety of Medicines.

Antiarrhythmics Procainamide can worsen or induce MG in some patients; acute
pulmonary failure has resulted from its use in patients with MG.

Antimalarials It is recommended that quinine and chloroquine are avoided in MG.
Quinine delays muscle contraction and there have been several reports of chloroquine-
induced myasthenia.

Phenothiazines Chlorpromazine and promazine have been shown to aggravate or
precipitate MG. Although the newer generation phenothiazines have not been shown to
cause the same problems they should be used with caution.

Antimuscarinics Antimuscarinics are contraindicated in MG — there have been isolated
reports of worsening myasthenic symptoms. However, they are sometimes prescribed
under close supervision, to counter side effects of the anticholinesterase (see p704).

Lambert-Eaton Myasthenic Syndrome

Lambert-Eaton Myasthenic Syndrome (LEMS) is a rare type of myasthenia (it has around
5 per cent the incidence of MG) in which neuromuscular transmission in skeletal muscle
(lower limbs) and autonomic systems (eg, bladder, blood vessels and bowels) is affected.
Patients complain that they find it difficult to get going or that they feel as if they are
“walking through treacle”. Other symptoms include dry mouth, constipation, impotence
and postural hypotension.

LEMS is caused by antibodies to presynaptic calcium channels. This means that not
enough calcium channels open in response to an electrical impulse and not enough ACh is
released. Cancer (typically small cell lung cancer) is found in around 40 per cent of
patients with LEMS. Calcium channels present on tumours are thought to stimulate
antibody production. Anticholinesterases are not appropriate in LEMS. 3,4
diaminopyridine is used (unlicensed) to increase the number of ACh vesicles released by
the nerve terminal. Other treatments, such as immunosuppression, plasmapherisis or
intravenous immunoglobin, may be used.
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Panel 3: Support and advice pharmacists can give

Patients who feel weak in the mornings can be advised to keep their
anticholinesterase at their bedside, with water, ready to take on waking.

Because patients need to take their anticholinesterase every three to four hours,

it might be useful to use a watch with an alarm to remind them to take their

tablets.

Pharmacists can offer to dispense tablets in several bottles so that patients can have
their medicine easily accessible (eg, at work, at home, in the car and in their bag).
Patients with dysphagia might prefer liquids or soluble tablets where available.
According to the manufacturer of Mestinon, patients can break tablets into pieces to
aid medication.

A slow release form of pyridostigmine (Mestinon Retard) is available on a named
patient basis. Its advantage is that it requires less frequent dosing but it does not
give the patient flexibility to adjust doses.

Patients can be advised to talk to someone they live with about their medication in
case they become unable to self medicate.

Patients should be advised to report immediately any worsening of symptoms or
shortness of breath.

Patients should be counselled on the symptoms of anticholinesterase overdosage
(eg, severe weakness within 60 minutes of taking a tablet).

The Myasthenia Gravis Association recommends that medicines are taken with food
to reduce gastrointestinal problems.

Pharmacists can advise on weight gain in patients prescribed steroids.

Patients taking immunosuppressants should be warned to report immediately
symptoms, such as inexplicable bleeding, bruising or infection.

When patients are experiencing symptoms, they will find it useful to plan their daily
activities. For example, regular rest periods should be scheduled and more taxing
tasks planned for when the effect of the anticholinesterase is at its peak. (Oral
pyridostigmine is poorly absorbed. Maximum plasma concentrations occur between
one and two hours after administration and the drug is eliminated by the kidneys
largely unchanged, with a half-life of three to four hours.)

Good organisation around the home can also help. For example, things that are used

often could be stored in easily accessible places instead of high shelves.

B-cells to make antibodies. It is likely that
abnormal T-cell development is responsible for
triggering MG. However, thymectomy does
not always improve MG symptoms, so the
disease is clearly more complex.

Thymic tumours are usually slow-growing
tumours with low malignancy but they are
nearly always removed as early as possible to
prevent spread. Some patients without a
thymoma also benefit from removal of the
thymus if they show positive for the ACh
receptor antibodies. Removal of the thymus is
most likely to give improvement in symptoms
if the patient is under 45 years and has gener-
alised MG with identified ACh receptor anti-
bodies and has had MG for less than one year.'

Other treatments Intravenous immuno-
globulin (unlicensed indication) results in an
improvement in symptoms and is used to treat
severe relapses. High dose intravenous im-
munoglobulin (2g/kg infused over three to five
days) is thought to down-regulate antibodies

expression.

Non-pharmaceutical strategies for ocular
symptoms include eyelid tape and ocular
crutches attached to glasses, to hold the eye-
lids up.

Drug interactions

If a patient’s MG is well controlled he or she
is unlikely to experience problems with
drug-disease interactions, with the exception
of penicillamine, which should be avoided.
The other interaction worthy of particular
note is if a myasthenic crisis has been brought
on by infection and one of the antibiotics
mentioned in Panel 2 (p705) is used to treat
it. Other drugs that have been linked with
worsening MG symptoms include: erythro-
mycin, phenytoin, calcium channel blockers
and morphine.

MG is of particular significance to anaes-
thetists because they administer drugs that af-
fect neuromuscular junctions. The possibility of
residual anaesthetic when administering drugs
for MG after surgery must be borne in mind.

Conclusion

Although MG is usually a life-long condi-
tion, with treatment most patients are able to
live near normal lives. As well as being aware
of potential interactions, pharmacists can ofter
practical support and advice to patients and
carers. Examples are listed in Panel 3.
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Resources
Further information, including details of research and
support, is available through the Myasthenia Gravis
Association UK (www.mgauk.org)
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Action: practice points

Reading is only one way to undertake CPD and the Society will expect to see various

approaches in a pharmacist’s CPD portfolio.

1. Communicating with patients with MG can be difficult. Think about how you could
improve communication with a person with impaired speech and an unusual facial

2. Make sure patients who regularly take steroids carry a steroid card.

associated with MG. Symptom improvement is 3. Read the patient information leaflet for Mestinon. What should a patient who has

seen in at least 50 per cent of patients after one
week and can last several weeks or months.
However, treatment is expensive.

Plasma exchange (plasmapheresis) to re-
move the ACh receptor antibodies from the
blood, is sometimes used to give symptom
relief. It is also used in a myasthenic crisis along
with intravenous corticosteroids. The improve-
ment in symptoms can last up to eight weeks.

Evaluate

What have you learnt?
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missed a single dose be advised to do?
For your work to be presented as CPD, you need to evaluate your reading and any other
activities. Answer the following questions:

How has it added value to your practice? (Have you applied this learning or had any
feedback?) What will you do now and how will this be achieved?
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