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Abstract

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease causing a progressive loss of motor
neurons. The disease prevalence is 5-9 per 100 000. The revised Airlie House criteria define four
categories of certainty in making the diagnosis: clinically definite ALS; clinically probable ALS; probable,
laboratory-supported ALS and possible ALS. These criteria are mainly based on the number of regions in
the central nervous system (bulbar, cervical, thoracic, lumbosacral) affected by upper motor neuron
(UMN) and lower motor neuron (LMN) symptoms. Age at disease onset varies widely, but peak incidence
is between 40 and 60 years. In about two-thirds of the patients ALS begins with usually asymmetric limb
involvement (muscle weakness and wasting). Bulbar onset (dysarthria and dysphagia) is observed in
about one-third of the patients. The disease is relentlessly progressive with increasing disability and
handicap and leads generally to death resulting from respiratory failure in approximately 3-5 years. The
diagnosis is mainly clinical. Ancillary investigations (electrophysiological, neuroimaging and laboratory
studies) are used to exclude other diseases. To date, ALS is an incurable disease, but Riluzole has been
proven to increase survival. Symptomatic management include rehabilitation therapy, respiratory
assistance, antispasticity agents. The etiology is likely multifactorial, involving both genetic and
environmental factors. Motor neuron death is believed to arise from mutations in superoxide dismutase |
gene (SODI) on chromosome 21. Abnormal neurofilament metabolism, glutamate transporter dysfunction,
mitochondrial dysfunction and altered responses to growth factors may play a role. Familial ALS (FALS)
accounts for 5-10% of cases, and mutations in SODI are present in 15-20% of families with FALS.

Keywords
Amyotrophic lateral sclerosis, ALS, motor neurone disease, SODI

Disease name and synonyms _ famous sportsman in the USA who suffered from
Amyotrophic lateral sclerosis (ALS) is also the disease. As Charcot was the first to describe
known as Lou Gehrig's disease, named after a the clinical picture in detail, this disorder is also

known as Charcot’s disease.
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Diagnostic criteria/Definition

ALS is a neurodegenerative disease causing a
progressive loss of motor neurons.

According to the revised Airlie House criteria
(being a revision of the former ElI Escorial
criteria), the diagnosis of ALS requires:

the presence of:

- evidence of lower motor neuron (LMN)
degeneration by clinical or electrophysiological
examination;

- evidence of upper motor neuron (UMN)
degeneration by clinical examination;

- and progression of the motor symptoms within
a region* or to other regions, as determined by
history or examination.

the absence of:

non-motor signs and symptoms such as signs of
disturbed sensation, autonomic  failure,
cerebellar or extrapyramidal signs, disturbed
vision or impaired eye movements;
electrophysiological or neuroimaging evidence of
another disease process that might explain the
clinical signs.

* There are four regions: bulbar, cervical,
thoracic and lumbosacral.

The revised Airlie House criteria allow for four
categories of certainty in making the diagnosis,
mainly based on the number of regions affected
by UMN and LMN symptoms:

clinically definite ALS
- the presence of clinical UMN and LMN signs in
at least three different regions.

clinically probable ALS

- the presence of clinical UMN and LMN signs in
two or more different regions with at least some
UMN signs rostral to the LMN signs.

probable, laboratory-supported ALS

- the presence of clinical UMN and LMN signs in
one region with electrophysiological evidence of
LMN signs in two or more regions, after
exclusion of other causes by neuroimaging
studies, electrophysiological and laboratory
investigations;

- the presence of clinical UMN signs in one
region with electrophysiological evidence of LMN
signs in two or more regions, after exclusion of
other causes by neuroimaging studies,
electrophysiological and laboratory
investigations.

possible ALS

- the presence of clinical UMN and LMN signs in
only one region, after exclusion of other causes
by neuroimaging studies, electrophysiological
and laboratory investigations;

- the presence of clinical UMN signs in two or
more regions, after exclusion of other causes by
neuroimaging studies, electrophysiological and
laboratory investigations;

- the presence of clinical LMN signs rostral to
UMN signs, with no electrophysiological
evidence of LMN signs in other regions, after
exclusion of other causes by neuroimaging
studies, electrophysiological and laboratory
investigations.

Epidemiological features

There are about 1-3 incident cases per 100 000
per year, and ALS has a prevalence of 5-9 per
100 000. 50% survival rate ranges from 36 to 48
months (95% confidence interval [CI]) after onset
of symptoms

Excluded diseases and differential diagnosis
Other motor neurone diseases

- familial ALS

- familial "ALS-plus" syndromes, a combination
of motor neuron disease with extrapyramidal
signs and/or cognitive deficit (frontal lobe
dysfunction)

- primary lateral sclerosis (PLS), a pure UMN
syndrome

- progressive spinal muscular atrophy (PSMA), a
pure LMN syndrome

- adult onset hereditary spinal muscular atrophy,
a pure LMN syndrome

- focal/segmental spinal muscular atrophy, a
pure LMN syndrome

- post-polio syndrome, a pure LMN syndrome

Other neuromuscular diseases

- multifocal motor neuropathy, a pure LMN
syndrome  with  conduction  blocks on
electrophysiological examination

- myopathies, e.g. inclusion body myositis
(muscle biopsy required)

- myasthenic syndromes

Other degenerative diseases
- syringomyelia or syringobulbia (MRI required)
- cervical myelopathy (MRI required)

Infectious diseases
- neuroborreliosis (CSF-examination required)
- HIV infection

Metabolic disorders

- thyroid and parathyroid disorders

- hexosaminidase deficiency (< 35 years of age)
« Radiation plexopathy or myelopathy

« Benign fasciculations

Clinical description
Age at disease onset varies widely but peak
incidence is between 40 and 60 years.
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In about two-thirds of the patients, ALS begins
with usually asymmetric limb involvement.
Bulbar onset is noted in about one-third of the
patients. Bulbar ALS affects relatively more
middle-aged women. Onset with weakness of
paraspinous muscles at the cervical level gives
rise to a dropped head, and at the thoracic level,
to a bent spine. Onset with weakness of
respiratory muscles is exceptional.

In limb-onset ALS there is often insidious muscle
weakness and wasting in one region, for
example distal paresis in the leg, making early
and accurate diagnosis difficult. ALS can be
recognised as such only when symptoms
progress and spread to other regions.

In bulbar-onset ALS early symptoms include
dysarthria and dysphagia. On neurological
examination a combination of LMN signs (e.g.
atrophy, fasciculations) and UMN signs (e.g.
hyperreflexia, extensor plantar response,
pathological crying or laughing) can be found.
Cognition is usually unaffected, although there is
increasing evidence that ALS patients
sometimes show deficits on tests of executive
functions and verbal fluency (Abrahams et al,
2004).

Usually, the disease is relentlessly progressive
with increasing disability and handicap and leads
to death in approximately 3-5 years, although
there are a few patients (especially younger
patients) who have lived with the disease for 10-
20 years. Death results from respiratory failure.

Management including treatment

To date, ALS is an incurable disease.

Riluzole (50 mg bidaily) is the only medication
with a very modest effect on disease
progression. It was proven to increase survival
by 3 months.

Rehabilitation physicians usually co-ordinate the
care for an ALS patient within a multidisciplinary
team, encompassing occupational therapy,
physiotherapy, speech therapy, dietician, and
psychological support. Main goals in ALS are
palliation, timely arrival of assistive devices such
as wheelchair or speech computer, and support
for the patient and his or her caregivers.
Symptomatic management in ALS may include
the use of painkillers, agents against spasticity,
against cramps, amitriptyline or radiotherapy of
the parotic glands against sialorrhea. The
possibility of a percutaneous endoscopic
gastrostomy (PEG) should be discussed in
patients with dysphagia, before it leads to severe
weight loss or aspiration pneumonia. Safety of a
PEG procedure is dependent on vital capacity
and should preferably take place before vital
capacity falls below 50% of the expected value.
However well controlled data on this subject are
lacking. . Death usually results from respiratory

failure and pros and cons of non-invasive
positive pressure ventilation and invasive
ventilation should be discussed at an early stage
with the patient and his or her caregiver. Due to
the fatal course of the disease, end-of-life issues
such as euthanasia and physician-assisted
suicide are important subjects of discussion for
many patients in advanced disease stages.

Etiology

The etiology is likely multifactorial, involving both
genetic and environmental factors.

Motor neuron death is believed to arise from
mutations in superoxide dismutase 1 gene
(SODI), mapped to chromosome 21. Abnormal
neurofilament metabolism, glutamate transporter
dysfunction, mitochondrial dysfunction and
altered responses to growth factors may play a
role.

The disease is inherited in 5-10% of cases
leading to familial ALS (FALS) and mutations in
SODI are present in 15-20% of families with
FALS. Two additional ALS loci have been
identified on chromosome 16¢g12.1-q12.2 and 20
(Abalkhail et al, 2003; Ruddy et al, 2003, Sapp
et al, 2003). A newly identified mutation in the
peripherin gene (129q12-g13) may cause a small
percentage of ALS cases, providing further
support to the view that neurofilament
disorganisation may be involved in pathogenesis
(Gros-Louis et al, 2004).

Recently attention was drawn to the role of
vascular endothelial growth factor (VEGF) which
is essential in angiogenesis and which has also
been implicated in neuroprotection (Lambrechts
et al, 2003). Reduced levels of VEGF predispose
mice and humans to ALS. In a mouse ALS
model VEGF treatment increased life-
expectancy by 30% (Azzouz et al, 2004).
Environmental exposures during the Gulf war
have been proposed as the explanation for an
increased incidence of ALS in Gulf War veterans
(Haley 2003, Horner et al, 2003).

Diagnostic methods

ALS diagnosis is mainly clinical. Ancillary
investigations (electrophysiological,
neuroimaging and laboratory studies) are used
to exclude other diseases. To diagnose a case
of "definite" or "probable" ALS, as defined in the
revised Airlie House criteria, physical
neurological examination is sufficient. In the
diagnosis of "possible" or "probable, laboratory-
supported"” ALS, laboratory and
electrophysiological investigations, and often
also MRI scan of the brain and/or spine are
needed to exclude alternative diagnoses.
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Genetic counseling

FALS is often, but not always, inherited as an
autosomal dominant trait. Childhood-onset ALS
usually follows an autosomal recessive trait.
Mutations in genes others than SODI have been
found but most of these cannot be tested on a
routine basis. In other pedigrees, loci have been
mapped but the genes have as yet not been
identified. The number of FALS cases might be
underestimated as family history is not always
thoroughly explored, sometimes unknown, and
because penetrance is not complete. Most, but
not all, pedigrees with FALS show a penetrance
of 85% by the age of 85 years. All of the above
mentioned factors complicate the process of
genetic counseling.

If a mutation in the SODI gene is found,
counseling is quite straightforward. In families
carrying an unknown mutation but following a
clear cut autosomal dominant or recessive
inheritance pattern, members can be informed
about their chances to develop FALS, but not
about the age at onset.

While providing genetic counseling, one should
keep in mind that an effective therapy for ALS is
still lacking.

Unresolved questions

Despite several hypotheses on etiology, the
exact cause of ALS is still unknown. The study of
the complex relationship between genomics and
phenotype is essential (Veldink et al, 2004).
There is still no effective therapy available.
Stem- cell therapy is worked on but is still at a
preclinical stage (Silani et al, 2004). Palliative
care is only recently addressed and thus is not
yet evidence-based. Knowledge on quality of life
and end-of life issues is also lagging behind.
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