
III./10.5. Therapy

In this chapter, treatment of muscle disorders previously
described will be discussed.

Introduction
The ultimate goal of all therapies is the cure of the disease, to remove
the primary factor responsible for the disease. This is however not a
feasible approach in most neuromuscular disorders (NMD), as there
are currently no methods available to alter the pathogenesis of most of
these disorders, or their pathogenesis is not even elucidated yet. In
some disorders, the primary etiological factor cannot be eliminated,
but there are treatments available which target the mechanisms
causing these disorders (e.g. in myasthenia gravis or inflammatory
myopathies). In other disorders, only symptomatic or palliative
treatment is possible to alleviate the suffering of patients and to
improve their quality of life.

The treatment of NMDs is a teamwork involving neurologists,
psychiatrists, orthopedic surgeons, cardiologists, internists,
physiotherapists, sociotherapists, speech therapists, and psychologists.
The recent development of molecular neurology has led to the
identification of genes and absent or dysfunctional gene products
responsible for some hereditary NMDs, which opened the door for
scientists to look for new therapeutic strategies. Consequently, there
are several on-going clinical trials to test the efficacy of these new
strategies. Most NMDs are incurable, but surgical interventions,
medical assistive devices, psychotherapy may improve quality of life
of patients.
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Structure of the chapter
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A.) Pharmacological treatment
Pharmacological treatment options in muscle disorders are limited.
Currently, most pharmacotherapies provide mainly symptomatic
relief, with the exception of immunosuppressive therapies in
autoimmune diseases.



Among the immune therapies, plasma exchange, intravenous
immunoglobulins (IVIG), and corticosteroids are the main options.

The mechanism of action of IVIG is not fully understood. It is most
likely that IVIG exerts its therapeutic effect by the following
mechanisms: inhibition of harmful cytokines released by macrophages
and B-cells; competition with endogenous autoantibodies; inhibition
of cytotoxic T-cells. Side effects of IVIG therapy include headache,
peripheral thrombosis and cerebral ischemia. In Guillain-Barré
syndrome and multifocal motor neuropathy (MMN), IVIG is the
treatment of first choice. IVIG may used as an alternative treatment in
chronic inflammatory demyelinating neuropathy (CIDP), myasthenia
gravis, dermato- and polymyositis, and also in Lambert-Eaton
syndrome.

Plasma exchange is usually indicated as an episodic treatment.
Exceptionally, intermittent plasma exchange is used in refractory
myasthenia. Its therapeutic effect is based on the elimination of
autoantibodies and harmful cytokines from the blood.

Corticosteroids are the most important drugs in the
immunopharmacotherapy of NMDs. They are used in inflammatory
myopathies, myasthenia gravis, and in Duchenne muscular dystrophy.
The exact mechanism of the positive clinical effect of steroids in
Duchenne muscular dystrophy is unknown. If administered in a dose
of 0.75 mg/kg, positive clinical effects are seen within a couple of
days. Randomized controlled clinical trials have also confirmed the
increase of muscle strength and muscle volume after corticosteroid
administration in Duchenne muscular dystrophy (Mendell et al. 1989,
Griggs et al. 1991).

Patients suffering from NMDs are at a high risk for the adverse effects
of corticosteroids. Severity and type of adverse effects depend on the
dose, route of administration, duration of therapy, age of the patient,
muscle activity, and the general well-being of the patient. Concomitant
cyclosporine therapy enhances the efficacy of corticosteroids.
Hypoalbuminemia has a similar effect due to the increase in free
corticosteroid levels in the blood. Azathioprine and other cytostatic
drugs may have a “steroid-sparing” effect, allowing the reduction of
steroid dose. Children and postmenopausal women are at a risk for
osteoporosis caused by chronic steroid treatment. Regular exercise and
physical activity may prevent osteoporosis in healthy subjects, so it is
also recommended in NMDs. Corticosteroid administration may lead
to the increase of adipose tissue. Fat deposits may develop in the
epidural space, with resulting myelopathy or cauda equina syndrome.
Similarly, fat deposits may also occur in the retrobulbar space and in
the pericardial space, causing exophthalmus and a widened
mediastinum, respectively. Fat deposits in the wrist cause carpal
tunnel syndrome, and excessive intraabdominal fatty tissue may
present as pseudoascites. Similarly, it may mimic Baker cyst in the
popliteal fossa. Lipomatosis occurs in most of the patients on steroid
treatment. Unfortunately, cerebrospinal complications of steroid
therapy are often diagnosed in an advanced stage, therefore the
importance of the knowledge of these side effects in patients on
chronic corticosteroid treatment should be emphasized. For further
details on the adverse effects of chronic steroid therapy (e.g. cataracta,
duodenal ulcer, obesity, hypertension, hirsutism), see textbooks of
internal medicine.



A.)1. Other pharmacological treatment options

Poly- and dermatomyositis:

Methylprednisolone: starting dose is 1 mg/kg/day for 1 month, which
may then be gradually reduced based on clinical symptoms. Ulcer
prevention and potassium replacement is recommended during
therapy with methylprednisolone.

Alternative treatments: azathioprine (2–3 mg/kg/day), methotrexate,
cyclophosphamide (off-label use, 600 mg/body surface area i.v. every
4 weeks or 2 mg/kg/day orally).

Myasthenia gravis:

In myasthenia gravis, pyridostigmine (Mestinon) improves muscle
weakness by inhibiting the degradation of acetyl-choline. The dose
varies from 30 mg three times daily to 60 mg five times daily
depending on the severity of the disease and the rate of drug
metabolism. The dose is individually adjusted. Symptoms of an
overdose of pyridostigmine include diarrhea, abdominal cramps and
muscle twitches. In severe cases, an overdose may mimic the muscle
weakness due to myasthenia gravis, but fasciculations are also seen.
This is called cholinergic crisis, which can be treated with atropine.

Myasthenia gravis is an autoimmune disease, thus immunosuppression
may become necessary. First corticosteroids, then eventually
azathioprine monotherapy are administered. High doses of parenteral
steroids should be avoided as this may worsen muscle weakness and
lead to respiratory insufficiency. Immunosuppression is started with
low dose oral steroids, which is then gradually increased to 1
mg/kg/day.

Therapy of myotonia: mytonia is treated by membrane-stabilizing
sodium channel blockers, such as mexiletine or carbamazepine.

A.)2. Promising future therapies

The most commonly used form of gene therapy is somatic gene
replacement. With this technique, the mutant gene sequence is
replaced with the normal cDNA variant in the muscles, either via a
direct injection into the muscle or via the blood stream. The gene can
be introduced into skeletal muscle cells with adenovirus (AV) or
adeno-associated virus (AAV) vectors. Recently, it has been confirmed
in animal models that gene transfer can be done by using plasmids
with electroporation and sonoporation. Clinical trials in humans with
this approach are ongoing.

In addition to gene replacement, gene transcript manipulation is an
other option of gene therapy. There are a few ongoing phase II clinical
trials in Duchenne muscular dystrophy; in these trials patients are
treated with the exon skipping method. With this method, splicing is
altered by applying an oligonucleotide sequence, therefore the out of
frame mutation is transformed into an in frame mutation. In another
phase II trial, investigators are testing the drug PTC124 (ataluren) also
in Duchenne muscular dystrophy. This drug is designed to make the
ribosomes ignore the premature stop signals of the mutated dystrophin
gene and continue the translation of mRNA, resulting in the formation



of a functioning protein. If these clinical trials in dystrophinopathies
yield positive results, dramatic changes are awaited in the clinical
management of other genetically determined muscle disorders.

B.) Surgical interventions
Mobility and daily activities are often limited in patients suffering
from NMDs, due to joint contractures and scoliosis. These deformities
represent a major clinical problem. Contractures develop because of
the long-term immobility of the joint and spasticity of muscles, but
muscle fibrosis and necrosis of muscle fibers may also play a role. In
most cases, necrosis of muscle fibers and the development of
contractures accelerates after the patient becomes wheelchair-bound.
This is explained by the reduced workload of leg muscles and by the
constant sitting position. Contractures may be prevented by
monitoring the range of joint motion and by the passive movements of
joints. Surgical correction of tendons, bones and joints may be
indicated in patients who have lost ambulation or who have constant
pain due to the skeletal deformities. Stretching exercises and the
fixation of muscles in a stretched position can be helpful to slow down
the progression of contractures. It should be noted though that in itself
stretching cannot prevent the development of muscle contractures.

Marked spinal deformities may develop in several NMDs, but it is
typical for syndromes with an onset in childhood. These deformities
progress during puberty, due to accelerated growth characteristic at
this age. Scoliosis further deteriorates sitting balance of the patient,
causes pain and difficulty in rehabilitation, and worsens respiratory
function. Therefore, a proper sitting position is essential, which is
achieved by modular chairs, sitting corsets, and sitting modules. These
medical assistive devices aim at supporting trunk muscles, and at the
facilitation of respiration and reduction of the rate of progression. For
the correction of severe scoliosis, spine stabilizing surgical procedures
are an option. A multidisciplinary team should decide if the patient is
eligible for the operation or not, taking into account cardiac and
respiratory function and the physical condition of the patient.

C.) Medical assistive devices
The use of medical assistive devices has a similar aim as surgical
interventions. An appropriate medical assistive device can
significantly improve the quality of life of patients suffering from
NMDs. These include wheelchairs, wheelchair ramps, assistive
devices for the bathtub, shower handrails, toilet seat elevators, etc.
The most widely used simple medical assistive device is the ankle-
foot-orthosis (AFO), which supports the foot when foot drop is
present. Knee stabilizers have a limited value, especially if thigh
muscles are weak. Orthoses spanning the whole lower limb aid
ambulation only for a short time. Their success depends largely on the
remaining muscle power of hip and knee extensors. The goal in the
mechanical support of limbs is to improve function and to stabilize the
joint. These orthoses have been best studied in Duchenne muscular
dystrophy. According to these studies, ambulation can be prolonged
by approximately 2 years with the use of these limb orthoses. In rare
cases, whole body orthoses are also used for the correction of
kyphoscoliosis. A custom-made, very light (polypropylene or carbon
fiber) orthosis is optimal. It is easily handled, does not irritate the skin



and is stable. The ankle-leg orthoses may be fixed to the shoes, but
this is often found too heavy by the patients. If a cavus foot or
hammer toe is present, arch support insoles may be used. Patients with
sensory neuropathy are at high risk for trophic ulcers and neuropathic
arthropathy (Charcot joint).

Many patients with NMDs eventually lose ambulation. It is important
to recognize the need for a wheelchair to prevent further deformation
of the skeletal system. The wheelchair should be wide enough with an
optimal lumbar support and an upholstery that prevents decubitus
ulcers. Other wheelchair accessories are also available to improve
comfort and to protect the patient’s skin.

D.) Physiotherapy
Progressive incurable disorders with muscle weakness are a great
challenge for both physicians and patients. Immobility and a
wheelchair-bound life are associated with a dramatical deterioration of
quality of life. Immobility lead to secondary problems, such as
obesity, constipation, gastrointestinal problems, cardiovascular
diseases, osteoporosis, and decubitus ulcers.

Based on the above, physiotherapy and occupational therapy have
important roles in the management of muscle disorders. They aim at
preserving the motion range of joints, preventing contractures and
muscle necrosis, improving ambulation, learning of compensatory
mechanisms, reducing of pain, and helping in psychosocial
development. Special attention should be paid to muscles involved in
everyday activities. Physiotherapy consists of passive physical
exercises and active concentric exercises. Excentric exercises (i.e.
contraction of the muscle during stretching) should be avoided
because of the high risk of muscle fiber necrosis. For instance, going
down the stairs is an excentric exercise. Physiotherapists often
recommend the electric stimulation of muscles in myopathies, but this
can also cause muscle fiber necrosis with the mechanism mentioned
above. A simple program is to focus on exercises involving muscles of
everyday activities, and on standing and walking exercises in patients
experiencing difficulties in ambulation. It is important to maintain
ambulation of patients as long as possible, even with the use of
medical assistive devices, as this can help in preserving bone mass and
normal cardiovascular autoregulation.

The following aspects are recommended regarding physiotherapy:

1.) In slowly progressive diseases, the aim is to improve
muscle force and not to slow down the progression. The
rationale for this is that the reserve capacity the muscles is
higher when they are stronger.

2.) A submaximal training program is optimal for patients
suffering from NMDs; programs involving high force and a
low number of repeats carry a high risk.

3.) The increase of aerob capacity without muscle overload
and consequent muscle fatigue is possible with education and
low to middle level aerobic programs.

4.) Stretching exercises are important to preserve the motion
range and function of joints and muscles. These exercises
should be incorporated into the daily training program.



5.) In diseases with fast progression, there are no data
regarding the effectiveness of force trainings. Submaximal
exertion can delay the loss of muscle force. In more advanced
stages, daily activity requires nearly the use of maximal force
capacity, thus it is irrational to do additional training
exercises.

E.) Rehabilitation
Support of respiratory function

The leading cause of death in NMDs is respiratory insufficiency.

The following factors play a role in the development of respiratory
insufficiency:

1.) Weakness and fatigue of respiratory muscles, which results
in restrictive pulmonary disease, hypoventilation and
hypercapnia;

2.) Mechanical aspects of the respiratory system are also
affected by the following factors: inflexibility of the lungs,
rigidness and deformity of thorax, retention of phlegm
because of inefficient coughing;

3.) Impaired central control of respiration, which often occurs
during sleep.

If the patient reports of shortness of breath after mild physical activity
or during rest, respiratory muscle dysfunction should be suspected.
Nightmares, morning headaches, and dizziness during the day may be
signs of respiratory dysfunction during sleep. To detect respiratory
dysfunction, pulmonary function tests, arterial blood gas (ABG)
analysis, and sleep studies should be carried out.

When acute or chronic respiratory dysfunction is diagnosed, the
following should be kept in mind:

1.) Development of secondary, concomitant diseases

2.) Atypical manifestation of the primary disease – this may
mislead an inexperienced physician

An example for missing a concomitant disease is the situation
commonly occurring in patients suffering from facioscapulohumeral
muscular dystrophy (FSHD). When a wheelchair-bound patient with
FSHD has symptoms suggesting acute respiratory insufficiency (with
hypoxia and carbon dioxide retention), it is often diagnosed as the
terminal stage of the disease. However, it has been reported, that in
rare cases respiratory dysfunction can occur in FSHD which is
independent from general muscle strength. An intercurrent infection
may further deteriorate the condition of the patient.

Respiratory function should be monitored in cases where
life-shortening complications (e.g. atelectasia, infection, cardial
arrhythmia) are seen in the early stage of the disease. For the treatment
of acute respiratory insufficiency, specific and non-specific methods
may be used (e.g. in myasthenic crisis, some treatments aim at
restoring neuromuscular transmission, while others try to normalize
the blood gas levels and blood pH with assisted ventilation). Chronic



hypoventilation may develop in many NMDs, which worsens during
sleep, especially when obstructive sleep apnea (OSAS) is also present.
Retention of phlegm may aggravate shortness of breath. The following
factors are responsible for the inefficient removal and expectoration of
phlegm: weakness of respiratory muscles, rigidness of chest,
kyphoscoliosis, pulmonary microatelectasia, aspiration, and reduced
effectiveness of cough. Because of these factors, vital capacity (VC)
of NMD patients should be checked annually. A decrease of forced
vital capacity (FVC) with preserved maximal expiratory pressure
(MEP) suggests that respiratory dysfunction is not caused by
neuromuscular weakness. In these cases, other, concomitant diseases
should be searched for. Patients should take part regularly in
respiratory-muscle training. All patients should be immunized once
against pneumococcal infections, and if VC is below 30%, annual
influenza vaccination is also advised. Myasthenia gravis is an
exception, because intensive training and immunization are not
without risk in myasthenia gravis. Intermittent positive pressure
ventilation may be helpful during sleep and in acute infections.

Cardiac care

Cardiomyopathy and cardiac conduction problems may be present in
some NMDs, which may lead to lethal complications. DMD may be
associated with cardiomyopathy, pulmonary hypertension, cardiac
failure, arrhythmia, and mitral prolapse. To screen cardiac
complications, ECG and echocardiography should be indicated in all
muscle disorders where the risk for secondary cardiac conditions is
high. If cardiomyopathy, arrhythmia, and valvular diseases are
diagnosed, they are treated by the cardiologist with anti-arrhythmic,
anti-coagulant, and prophylactic antibiotic drugs. Cardiac care is also
very important in preserving physical activity and fitness. Patients
with severe cardiac conditions are advised to use a wheelchair at an
earlier stage when compared to other patients without cardiac
complications.

Diet

Nutritional status of patients with NMDs is effected in both directions:
1.) Because of inactivity, the amount of adipose tissue increases
and obesity develops. Close control of body weight is essential, as
the extra weight puts an increased workload on the weak muscles.
To prevent obesity, a high-protein diet should be advised as early
as possible.
2.) Cachexia may develop in late or terminal stages of NMDs
or due to dysphagia. Inadequate food intake results in further
loss of muscle mass. In some NMDs, dysphagia is the leading
symptom (e.g. in oculopharyngeal muscular dystrophy).
Dysphagia should be treated if malnutrition develops or if
there is a high risk for aspiration. In order to choose the right
time for intervention, close monitoring of body weight and
laboratory tests of nutritional parameters in the blood (protein,
vitamin levels) is important. The simplest intervention against
dysphagia is the insertion of a nasogastric tube and the
feeding of the patient with mashed food. For long-term,
however, a nasogastric tube is not optimal, but percutaneous
endoscopic gastrostomy (PEG) should be prepared. In
oculopharyngeal muscular dystrophy, crycopharyngeal
myotomy may improve crycopharyngeal achalasia and reduce
the degree of dysphagia. Bowel motility problems are
relatively rare, except for constipation in inactive patients. See



the general treatment of constipation. In MNGIE, a
mitochondrial disease, severe malabsorption may occur, as a
consequence of bowel motility disturbance. Parenteral
nutrition should be instituted, but MNGIE is unfortunately a
lethal disease.

Care of decubitus ulcers (bed sores)

In bed-bound patients, the risk of decubitus ulcers are very high. Bed
sores may be prevented by frequent turning of the patient and with
special anti-decubitus mattresses. Necrectomy should be performed if
bed sores have developed.

Psychosocial support

Patients with NMDs and their family face many psychological and
social problems. These include limited daily activity due to disability,
employment problems, lack of social relationships, and reduced sexual
activity. Patients suffering from chronic diseases have a fear of death.
Furthermore, chronic diseases may cause financial problems in the
family. The harmony of the family may be severely affected by these
physical, psychological and financial problems.

Support from a social worker, psychologist, psychiatrist, self-help
groups, and the treating physician may help in overcoming these
difficulties.

Summary
A curative treatment is not available in many NMDs, with the
exception of the immune mediated inflammatory myopathies and
myasthenia gravis. Phase II clinical trials are ongoing in certain
genetically determined diseases, which aim at developing mutation
specific therapies. Other therapeutic strategies are symptomatic (e.g.
pyridostigmine, mexiletine). The role of rehabilitation is of paramount
importance in the management of patients with NMDs.


