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Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease affectingAbstract
the motor neurons, in both the spinal cord and medulla (lower motor neurons) and
cerebral cortex (upper motor neurons). Even though ALS remains fatal, several
advances have been made during the last decade in improving the consequences of
motor dysfunction, quality of life and survival time of patients. Treatment of ALS
cannot be restricted to riluzole, the only molecule that has been proved to modify
the evolution of the disease. Symptomatic treatments have an important role in
controlling the major consequences of the disease, such as pain, sleep disorders,
spasticity, hypersialhorroea, emotional lability, depression and digestive disorders
(constipation and reflux). All these symptoms need to be recognized and their
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possible causes identified in order to provide the most appropriate management of
patients with ALS.

However, an advance in the daily care of patients is the identification of two
important phenomena that occur during the evolution of the disease: swallowing
difficulties and the occurrence of diaphragmatic dysfunction. For both, specific
medical interventions have been developed to allow correction of the conse-
quences (i.e. weight loss and respiratory insufficiency). Although no controlled
trials have been performed, observational studies suggest that gastrostomy and
non-invasive ventilation may improve at least quality of life and survival.

All of these various approaches, pharmaceutical and non-pharmaceutical ther-
apies, are prescribed according to individual symptoms and require the involve-
ment of a large range of health professionals. This multidisciplinary approach in
ALS clinics is considered to be one of the more important factors impacting on
survival rate and appears to be the gold standard of medical care of ALS patients.

Important findings have been made in understanding the nature of the degener-
ative process that affects the motor neurons. All these data have allowed new
therapeutic molecules to be tested alone or in combination with riluzole. Despite
the negative results obtained until now, we hope to demonstrate very soon a
greater improvement in therapy.

Amyotrophic lateral sclerosis (ALS), commonly 1. Diagnosis of Amyotrophic Lateral
Sclerosis (ALS)known as Lou Gehrig’s disease or motor neuron

disease, is the most frequent motor neuron disorder
Diagnosis of ALS is mainly based on clinicalin adults. The cardinal pathological features of ALS

criteria. These criteria were defined in 1994 andare loss of anterior horn cell and motor cells in the
revised in 1998 during two workshops held in Ellower cranial motor nuclei, and degeneration of the
Escorial in Spain and in Airlie House in the US.corticospinal tracts, which is associated with ubi-
These workshops led to the establishment of the Elquinated inclusions in motor neurons. Its main clin-
Escorial criteria and the El Escorial revisited crite-ical features are a combination of upper and lower
ria, respectively (table I). Four stages are definedmotor neuron degeneration in bulbar and spinal ter-
from definite to probable, probable with laboratoryritories, and a constant evolution. Death related to
support, and possible based on the presence of upperrespiratory insufficiency is almost inevitable after
and lower motor neuron signs in three to one of thea median survival time of 36 months.[1] However,
anatomic regions bulbar, cervical, thoracic, lumbo-5–10% of patients may survive for more than
sacral, respectively.[6] Even though the key feature10 years.[2]

of the disease is a pure motor syndrome, it remains
Currently, the pathophysiology of ALS remains possible to observe extra motor involvement such as

unknown, although there is growing evidence of it sphincter abnormalities or dysautonomia.[7]

being a polyfactorial and probably multigenic dis- Cognitive impairment and dementia appear in
ease. Although around 90% of cases are sporadic,[3]

ALS patients. A range of cognitive and behavioural
there is familial inheritance of the pathological trait, changes are related to frontal lobe dysfunction and
mainly through a dominant autosomal pattern.[4]

occur in up to 30% of individuals with ALS not
ALS predominates in males, with a 1.6 : 1 sex meeting criteria for dementia. The most frequent

ratio (males to females).[5] The incidence of ALS is association is with frontotemporal lobar dementia
more or less uniform worldwide, around 1.1 in (FTLD), as demonstrated by clinical, genetic and
100 000, varying from 0.2 in 100 000 to 2.4 in neuropathological investigations.[8] Frontotemporal
100 000 in industrialized countries, with prevalence cognitive impairment produces changes in beha-
rates of around 6 in 100 000 worldwide.[5] viour, personality, planning, organization and lan-
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guage, with relatively intact memory. Cross-section- hyperparathyroidism, heavy metal intoxications
al studies estimate that FTLD might occur in as (lead and mercury) and paraneoplastic syndromes
many as 25–33% of ALS patients. Experience respective to past medical history or occupational
shows that this association is more frequent in fe- activities.[10,13] Muscular disorders such as myas-
males with a speech disorder as an initial symptom thenia gravis, hyperthyroid myopathy or inclusion
of the disease. The ubiquitinated inclusions of both myositis may also be investigated based on clinical
ALS and FTLD contain the same protein, TDP-43.[9] presentation.[13]

Molecular biology can be helpful in various situ-At the earlier stages of the disease, diagnosis is
ations. A multisystem disorder with anterior hornnot very easy, and around 10% of patients for whom
cell involvement can suggest a spinocerebellar atax-ALS is the first diagnosis later develop another
ia. A pure lower motor neuron involvement withoutdisease.[10] One of the main reasons to explain this
any immunological markers can suggest an adultmisdiagnosis is the absence of a biological marker.
form of spinal muscular atrophy related to an SMN 2Laboratory assessments may be necessary to rule
deletion. The existence in humans of gynaecomastiaout alternative diagnoses. Electrophysiological in-
and/or testicular atrophy suggests a Kennedy’s syn-vestigations are particularly useful because they
drome, which requires looking for the identificationconfirm the existence of pure motor neurogenic
of an abnormal CAG triplet expansion on exon 1 ofchanges even at the early stages of the disease. They
the androgen receptor gene.[14]exclude conduction blocks suggestive in this context

of multifocal motor neuropathy with conduction
2. Management of ALS Patientsblocks.[11]

The absence of sensory involvement is currently
an definitive characteristic of the diagnosis of ALS 2.1 Presenting the Diagnosis
according to the El Escorial criteria. However, a

Once the final diagnosis has been firmly estab-recent report demonstrated sensory axonal loss
lished, it is the responsibility of the neurologist towithout the features of an alternative aetiology, sup-
inform the patient and immediately start treatment,porting the hypothesis that ALS is a multisystem
mainly based on a multidisciplinary approach toneurodegenerative disorder that may occasionally
care. Caregivers have to keep in mind that thisinclude sensory neuropathy among its non-motor
disease is specific regarding its constant and fre-features.[12] Neuroimaging is performed to exclude
quently high rate of evolution.cerebral disorders such as stroke, multiple sclerosis,

tumours and skull base lesions, or spinal cord dis- Informing the patient is the first step of ALS
eases such as cervical myelopathy or tumours. Bio- management and the diagnosis of ALS needs to be
logical screening is carried out to exclude other established indisputably. This step needs time, and
motor neuron disorders related to plasma cell dys- the diagnosis must be given only during a consulta-
crasia, infectious disorders (human T-lympho- tion and never by telephone. Empathy is essential
trophic virus type 1 and HIV), autoimmune diseases and the neurologist needs to avoid doing too much
(Sjögren’s disease), endocrinopathies such as or too little. Too much is tracing a future without

Table I.  El Escorial revisited criteria for amyotrophic lateral sclerosis (ALS)[6]

Type of ALS Criteria

Definite ALS Upper motor neuron and lower motor neuron signs in three spinal regions or two spinal
regions and the bulbar area

Probable ALS Upper motor neuron and lower motor neuron signs in two regions with at least some upper
motor neuron signs rostral to lower motor neuron signs

Probable ALS (laboratory supported) Upper motor neuron signs in one or more regions and lower motor neuron signs defined by
electromyogram in at least two regions

Possible ALS Upper motor neuron and lower motor neuron signs in the same region or
Upper motor neuron signs in at least two regions or
Lower motor neuron signs rostal to upper motor neuron signs
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any hope; too little is hiding the absence of recovery 2.3 Symptomatic Treatments
and the risk of worsening symptoms. It is mandatory

In ALS, symptoms are not disease specific butto inform patients clearly and honestly about ALS,
they need to be managed. The treatments proposedits possible evolution and therapeutic possibilities.
here are not based on controlled trials specific forHowever, patients must be aware that the absence of
ALS but on their largely accepted efficacy for aimprovement does not mean that there is nothing
given symptom.that can be done. It should be clarified that a multi-

disciplinary approach provides a longer duration
2.3.1 Asthenia and Fatigue

and a better quality of life (QOL).[10,15] Neurologists
These symptoms are frequent and related to mul-

must ensure that all the information that the patient tiple causes. Many drugs have been tried with limit-
and relatives need is provided in a comprehensive ed success. Even if acetylcholinesterase inhibitors
manner. Initial recommendations may be made, such as pyridostigmine at a dosage >80 mg/day have
such as avoiding all sustained exertion. Psychologi- been proposed at initial stages of the disease,[21,22] it
cal support may be proposed to the patient and is our clinical impression that these treatments are
relatives. able to worsen symptoms if used for more than a few

days. Modafinil (200 or 400 mg/day) might be anDuring the whole course of evolution, each step
alternative, given the results of an open trial per-of the disease should be discussed honestly, leaving
formed for a short period of 2 weeks showing aopen the future and offering reasonable hope.
dose-dependent decrease of asthenia.[23]

2.2 Aetiologically Based Medical Therapies 2.3.2 Depression and Anxiety
The frequency of depression may reach 30% in

Numerous compounds have been evaluated in ALS,[24] without correlation with the severity of the
disease. Despite the absence of clinical trials, prefer-ALS, but riluzole remains the only one that is li-
ential use of drugs with anticholinergic activity andcensed since it was proven to modify the rate of
selective serotonim reuptake inhibitors (SSRIs) hasevolution. Riluzole is known as a glutamate-modu-
been suggested.[25] Our preference is to use drugslating drug but it probably acts through other mech-
with anticholinergic activity in patients losinganisms such as the stimulation of production of
weight, given the metabolic adverse effects of SSRIneurotrophic factors[16] and cell signalling by acting
that promote weight loss.[26] For anxiety, benzo-on a large variety of ion channels.[17] In two clinical
diazepines can be used on an as-needed basis.trials, riluzole was shown to increase mean survival

time compared with placebo at a daily dose of
2.3.3 Drooling

100 mg.[18,19] Adverse effects such as asthenia, nau- Sialorrhoea is the most frustrating and socially
sea and increased hepatic enzymes remain rare. embarrassing complication of ALS. It results both
They occur mainly during the first 3 months of from facial muscle weakness and the impairment of
treatment and reverse when drug treatment is spontaneous swallowing of saliva. Amitriptyline is
stopped. However, monitoring of blood count and commonly used at a dosage of 25–50 mg three times
liver function is recommended at the beginning of daily based on its anticholinergic side effect.[26] At-
the treatment. The effect on survival is a 7% differ- ropine (drops or subcutaneously administered) or
ence between placebo and treated groups after scopolamine (subcutaneous or transdermal) can be
18 months of treatment, without adjustment. After used in patients in whom amitriptyline is inadequate
adjustment, the difference reached 35% with or not tolerated.[27] When a drug treatment approach
riluzole 100 mg/day.[19] These results mean that 12 is insufficiently effective, botulinum toxin[28] or, as a
treated patients are needed to avoid one death after last resort, subsalivary gland irradiation may im-
12 months of follow-up.[20] The efficacy of treat- prove symptomatology.[29] Several open trials re-
ment with riluzole is independent of site of onset and ported efficacy of irradiation in ALS.[25,29-31]  Doses
there is no improvement in functional status. range from 7 to 14 Gy (table II). Transitory burning
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lation may be useful in treating musculoskeletal pain
through the stimulation of endogenous opioids.[36]

2.3.6 Pathological Laughing
Pathological laughing or crying occurs in up to

50% of patients with ALS.[4] This symptom is often
misinterpreted by relatives, and neurologists must
explain that it does not mean a mood disorder or a
cognitive impairment, but an abnormal display of
emotions. Amitriptyline 50–150 mg/day, SSRIs
(e.g. fluvoxamine [100–200 mg/day]), lithium

Table II. Treatment of sialorrhoea

Drug Dosage Reference

Amitriptyline 25–50 mg tid 27

Atropine Atropine eye drops sublingual: 26
0.25–0.75 mg tid
Scopalamine transdermal patch:
1 patch for 3 days

Botulinum 6–20 mU in each parotid 28
toxin A 5 mU in each submaxillary gland

Radiotherapya 7–14 Gy 25,29,30

a Recommended only as a last resort.

tid = three times daily.

(400–800 mg/day) and levodopa (500–600 mg/day)
may control this emotional lability.[37] Recently, aand xerostomia have been reported as adverse ef-
randomized trial showed that a combination of dex-fects.[31]

tromethorphan and quinidine was useful for this
2.3.4 Bronchial Secretions symptom.[38]

There are two distinct types of secretions in pa-
2.3.7 Constipationtients with ALS: (i) thick secretions; or (ii) thin,
Constipation is nearly constant in ALS and itsserous secretions. The former results from β-adren-

causes are multiple (i.e. immobility, difficulties withergic stimulation, whereas the latter results from
water intake, iatrogenic and diet modifications).cholinergic stimulation.[3]

However, its impact is high on both QOL andFor thick secretions, β-blockers (e.g. metoprolol,
respiratory function.propanolol) should be given.[32] If they are contrain-

Prevention is essential, even at initial stages ofdicated, a humidifier prescription can be useful.
the disease. Recommendations have to be made onExpectorations of serous secretions are more dif-
liquid intake, abdominal massage and diet (increas-ficult to manage. They may be decreased by an
ing fibre). Osmotic laxatives, even when adminis-anticholinergic bronchodilatator, amytriptyline, the-
tered long term, are very useful.[39]ophylline or even furosemide.[13] Small periods of

nebulized breathing treatments with small amounts
2.3.8 Gastro-Oesophageal Refluxof corticosteroids can help.
Gastro-oesophageal reflux is nearly constant inFor both secretions, coughing assistance tech-

ALS patients. Signs and symptoms are sometimesniques and mechanical respiratory assistance pro-
troubling, such as nausea, insomnia and lingual my-vide beneficial help.[33]

cosis. Anti-acid agents are reasonably effective.
2.3.5 Pain Laryngospasm may affect around 20% of ALS
Pain occurs in 43–73% of ALS patients, more patients and its symptoms are frequently misdiag-

frequently at advanced stages of the disease.[34,35]
nosed.[40] When related to acid gastric reflux, it is

The main cause is the inflammatory processes re- spontaneously alleviated with treatment of that
sulting from the lack of mobility of the joints (main- symptom. Spicy foods, strong smells and alcohol
ly the shoulders). The lack of ability to spontaneous- should be avoided and the use of anti-acids help to
ly change the position of the limbs leads to pain at reduce its consequences.[41]

points of pressure. Physiotherapy and passive
stretching are essential to prevent and treat the joint 2.3.9 Sleep Disturbances
retractions. Many factors lead to sleep disturbances: depres-

Whatever the cause of pain, NSAIDs should be sion, restless legs syndrome, pain, mobility restric-
initiated first. Other agents can be used, such as tion, drooling, respiratory insufficiency and noctur-
antiepileptic drugs or tricyclic antidepressants; opi- nal decreased oxygen saturation. All of these poss-
oids are used in patients in whom these agents are ible causes need to be recognized and specifically
insufficient.[29] Electric transcutaneous neurostimu- treated. Nocturnal oxymetry is essential before any
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hypnotic administration, because these drugs are drome. It is frequently experienced by patients as
contraindicated in patients with hypopneas. stiffness or tightness, and increases functional disa-

bility and promotes joint retractions with a majorDepression and anxiety respond well to tricyclic
negative impact on QOL.or SSRI antidepressants. Restless legs syn-

drome will be improved with dopaminergic agonists Management of spasticity combines drugs and
(ropinirole 0.25–4 mg/day and pramipexole physiotherapy. Myorelaxants, such as baclofen, dan-
0.125–0.75 mg/day).[42,43] Nocturnal hypopneas are trolene, benzodiazepines, memantine or tizanidine,
an indication for non-invasive ventilation (NIV) may help, but physicians must keep in mind that
such as non-invasive positive pressure ventilation. myorelaxants in excess increase weakness (table
When all these causes have been discounted, short- III).[13,29] Baclofen, a GABA agonist, is the only
acting sedatives are preferred to other drugs. agent to have been evaluated in a randomized study

in ALS.[49] However, because of bias, this study
2.3.10 Bedsore Prevention

does not allow any recommendation in ALS.[50]

Bedsores are rare in ALS, even in bedridden Because high dosages are required, it has been pro-
patients.[44] This is explained by the increase in posed to use baclofen intrathecally in order to cir-
dermal collagen and of an apomorphous substance cumvent major adverse effects such as sleepiness
that protects skin against sustained pressure and and an increase of weakness. In spastic tetraplegic
prevents the occlusion of skin blood vessels.[45]

patients, it demonstrated a positive effect on symp-
Nevertheless, bedsores may occur in patients toms.[51,52] However, our opinion is that this therapy

who are bedridden for a long time.[46] The best way is very invasive and requires a very sensitive bene-
to prevent such complications is to promote passive fit-to-risk approach.
physiotherapy and prevention of complications of Physiotherapy is essential to reduce or prevent
decubitus. stiffness and contractures by promoting passive

stretching.[50] Prevention and management of retrac-2.3.11 Venous Thrombosis and
Pulmonary Embolism tions require daily or twice-daily sessions of physio-
The frequency of venous thrombosis is estimated therapy, performing essentially passive joint mobili-

to be 2.7% in ALS, which is higher than in the zation. Other physiotherapy techniques, such as bo-
general population.[47] Moreover, pulmonary embo- tulinum toxin, need to be evaluated.
lism is certainly underestimated and masked by

2.3.13 Crampsrespiratory disturbances as a result of ALS.
Cramps are frequent at the initial stages of theAlthough there is no recommendation for the

disease and are sometimes extremely painful. Theyprescription of anticoagulants in ALS, we suggest
can be managed through correct hydration and man-initiating low-molecular-weight heparin treatment
ual stretching. No treatment has been evaluated in awhen in any doubt of venous thrombosis or embo-
trial in ALS. The most frequently used drug islism.[48]

quinine sulfate (200 mg twice daily) promoted by
2.3.12 Spasticity clinical practices in ALS management.[40] Other
Spasticity corresponds to an increase in velocity- drugs can help, such as baclofen, dantrolene and

dependent muscle tone related to a pyramidal syn- benzodiazepines, and other agents such as carbama-
zepine, tocopherol (vitamin E; 400 UI twice daily),
magnesium (5 mmol three times daily) or verapamil
(120 mg/day) [table IV].[29]

2.4 Multidisciplinary Approach

During the last few years, several publications
have demonstrated the importance of a multidis-
ciplinary approach in the management of ALS.[53]

Comparing the survival curves of ALS patients in

Table III. Treatment of spasticity

Drug Dosage Reference

Baclofen 10–80 mg/d orally 48,50

Intrathecally: 51
160–540 µg/d

Dantrolene 100–400 mg/d 29

Diazepam 5–20 mg/d 29

Memantine 10–60 mg/d 13

Tizanidine 6–24 mg/d 29

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (8)
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ALS.[21] Speech therapy is necessary to maintain and
facilitate communication.

Both speech therapists and physiotherapists need
to coordinate their efforts to encourage the activity
of diaphragmatic and intercostal muscles during
breathing and speech. In the advanced stage of the
disease, communication aids can be suggested and
discussed with patients.

Table IV. Treatment of cramps

Drug Dosage Reference

Quinine sulfate 200 mg bid 40

Carbamazepine 600 mg/d 29

Phenytoin 300 mg/d 29

Tocopherol (Vitamin E) 400 UI bid 29

Magnesium 5 mmol tid 29

Verapamil 120 mg/d 29

bid = twice daily; tid = three times daily.

2.4.3 Respiratory Management
multidisciplinary clinics and general neurology Management of respiratory function is one of the
clinics showed that the multidisciplinary approach key points of the management of ALS because of the
offered a 29.7% decreased rate of death with a constant respiratory involvement as the disease pro-
7.5-month higher median survival. gresses and its consequences on survival. Respira-

The basis of this care approach is that ALS tory impairment is related to respiratory muscle
patients must be followed-up closely during the weakness leading to difficulties with coughing,
whole course of their disease in order to detect bronchial super- or secondary infection and hypox-
impeding problems in motor function, nutrition or ic/hypercapnoeic death.
respiration. The multidisciplinary team in the ALS Evaluation of pulmonary function is mandatory
clinic has to provide the most efficient answer to the every 3 months. Clinical evaluation should assess
alteration of each of these functions. the existence of signs of diaphragm dysfunction and

hypoventilation. Diaphragm muscle weakness leads2.4.1 Physical Therapy Management
to dyspnoea and orthopnoea, and finally to paradox-Physical therapy aims to avoid joint contractures
ical breathing (as shown with an abnormal sniffand stiffness that increase the disability of the pa-
nasal inspiratory pressure [SNIP] test).[56] Hypoven-tient. Physical therapy is based mainly on passive
tilation is suspected in the presence of morningmobility and avoids exertion against resistance,
headaches, daytime somnolence and poor concen-which increases the denervation process.[50]

tration related to hypercapnoea.[57]
In patients with spasticity, massage must include

Laboratory assessments are required for measur-the antagonist muscular area in order to promote
ing respiratory function (by spirometry, blood gasmuscular relaxation. Physical exertion is an impor-
analysis and blood bicarbonate level), inspiratorytant part of physiotherapy but needs to be correlated
muscle strength (by maximal inspiratory pressureto the patient and re-evaluated during the whole
[MIP], transdiaphragmatic pressure and SNIP test),course of ALS. Joint mobilization is essential to
expiratory muscle strength (by maximum expiratorycircumventing joint contractures and secondary
pressure [MEP]) and sleep quality (by nocturnalpain.
oximetry and polysomnography).Electric stimulation remains debated and avoided

Blood gas analysis checks for the presence ofbecause of the risk of worsening the denervation
hypoxia and hypercapnoea. A partial pressure ofprocess in ALS.[54] Balneotherapy may be proposed
arterial CO2 (PaCO2) >45 mmHg is one of the majorin spastic patients.[55]

parameters used when deciding whether to initiateOccupational therapy may complete physical
NIV.[56] However, the sensitivity of this test is rathertherapy. Its aim is to help the patient to improve
weak because of the late onset of hypercapnoea inperforming skilled tasks, and to provide adaptive
ALS. In the absence of hypercapnoea, measurementequipment and recommendations that help patients
of HCO3 may be very useful and a value >30 mmol/in daily activities.
L is a criterion of hypoventilation.[58] Spirometry is

2.4.2 Speech Therapy an important laboratory assessment. The threshold
Approximately 80% of ALS patients will experi- under which NIV may be proposed remains con-

ence speech disturbances during the evolution of fused. Although some authors recommend a forced
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vital capacity (FVC) value <75% or even 80% as a It is mandatory to check nutritional status at
threshold,[13,59] this appears to be too stringent in regular intervals, focusing on weight loss, choking
clinical practice. We recommend considering FVC and duration of meals as well as diet assessment
<50% as a good criterion for NIV.[60] checks for caloric intake. In the first stages of the

disease, modification of the texture and consistencyMIP and MEP values <80 and 100 cm H2O,
of food may be sufficient to control weight loss. Asrespectively, confirm respiratory muscle dysfunc-
dysphagia progresses, dietetic complements need totion.[60,61] Because MIP is effort dependent, it must
be proposed to compensate for caloric intake. Webe restricted to patients who are able to sustain
recently showed that hyperlipaemia significantlyeffort.[62] The SNIP test emerges as the more sensi-
prolongs survival in ALS, suggesting the value ofble test in ALS. It is strongly correlated with dia-
increasing lipid intake or promoting lipid rich nutri-phragm muscle strength and a value <65 cm H2O is
ments.[69]an indication of diaphragmatic dysfunction.[58] This

Gastrostomy should be proposed and discussedtest is the most sensitive to predict respiratory insuf-
with patients sooner rather than later. Criteria forficiency: 66% of ALS patients with a SNIP test
gastrostomy are loss of >10% of bodyweight since<40 cm H2O had FVC >50%.[63] This test affords
the onset of the disease, frequent choking or aspira-prognostic information: if the SNIP is <40 cm H2O,
tion pneumonia, or the inability of the patient to feedthe hazard ratio for death is 9.1 and the median
themselves. Percutaneous radiological gastrostomysurvival time is 6 months.[63] Nocturnal oximetry
(PRG) may be preferred if the FVC is <50%. Theredetects nocturnal hypoventilation and can be per-
are different types of gastrostomy: percutaneousformed at home. Pathological values for oxygen
endoscopic gastrostomy (PEG), classic surgical gas-saturation (SaO2) are <90% for more than 5% of
trotomy or PRG.recording time spent or SaO2 <88% for more than

5 consecutives minutes.[64] Gastrostomy should be performed before the
FVC falls below 50% of the predicted value. WhenProposed criteria in favour of NIV include blood
the FVC is <50%, PEG placement must be per-bicarbonates >30 mmol/L if PaCO2 is ≤45 mmHg,
formed through NIV support.[70,71] To date, there ismorning blood PaCO2 >45 mmHg, FVC <50%,
no evidence of an increase in survival through PEG,SNIP test <60 cm H2O and SaO2 <90% for more
but several studies lead us to consider that PEGthan 5 minutes of recording time spent.
improves QOL.[72] PRG represents a reliable alter-Tracheotomy remains rare in most countries (be-
native when PEG is technically risky or impossi-tween 0% and 2% in Europe). Prognosis remains
ble.[73,74] When gastrostomy is formally contraindi-poor with invasive ventilation.[65] Fifty percent of
cated, nasogastric tube feeding represents a reliablepatients died after 1 month of invasive ventilation
alternative, as does intravenous catheter nutrition.[75]and 20% of patients have survival exceeding

2 years.[66] This procedure needs to be discussed in
advance and patients need to be aware that they will 2.5 Management of Terminal Stage ALS
lose the ability to communicate and will have to
undergo a gastrostomy. Advance directives should be promoted in order

to respect the wishes of the patient and family con-
2.4.4 Nutritional Management cerning end-life management. These directives need

to be reassessed at regular intervals.Denutrition is a major issue in the management of
ALS, and weight loss a key prognostic indicator Most ALS patients die peacefully.[76] In the ab-
with the risk of death increased 7-fold when body sence of NIV, death occurs during sleep, probably as
mass index is <18.5 kg/m2.[67] Denutrition is related a result of hypoxia/hypercapnoea. However, for ap-
to multiple factors such as bulbar involvement, up- proximately 40% of ALS patients, respiratory insuf-
per limb disability, depression and/or hypermetabol- ficiency leads to bronchial superinfection associated
ism.[68] Although respiratory insufficiency repre- with dyspnoea and anxiety. For these patients, the
sents the major cause of death, aspiration pneumo- main objective is to provide comfort and control of
nia, denutrition and dehydration can contribute. symptoms. In the absence of ventilatory support,
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appropriate anxiolytics and morphine should be giv- screening of the SOD1 mutation be performed in
en at increasing doses (starting with 0.5 mg/hour for these patients.[26]

morphine).[60] For terminal discomfort, chlorproma-
zine should be prescribed at the dosage of 12.5 mg 4. Conclusion
intravenously every 4 or 12 hours.[60]

Palliative care provides symptomatic treatment Management of ALS has improved considerably
and psychological and spiritual support to the pa- during the last 10 years. Currently, expert opinions
tients and relatives in order to decrease the emotion- promote a multidisciplinary approach to the man-
al burden. agement of ALS patients, which improves QOL and,

to a lesser extent, survival.[53,86] Because aetiologi-
3. Genetic Counselling and SOD1 cally based treatment of ALS for the moment re-
Mutation Research mains limited to riluzole, there is an urgent need for

more effective agents that can affect both survival
Approximately 10% of ALS patients have a fa- and functional status.

milial history of ALS.[77] Inheritance is mainly auto- In the future, a promising area of research for
somal dominant.[78] ALS therapy may be neuroprotective agents. There

Even if the phenotype of the disease is similar in was growing evidence of inflammatory processes
both sporadic and familial ALS (FALS), some char- and microglia activation in ALS.[87] This led to the
acteristics are more frequent in familial forms: an development of therapeutic trials based on anti-
earlier age of onset (46 years vs 56 years), a more cyclo-oxygenase 2 molecules[88] and minocycline,
frequent lower limb onset and two peaks of evolu- although their effect appeared to be unsatisfac-
tion (<2 years and >5 years).[77] tory.[89] Recently, a placebo-controlled, double-

blind, multicentre study established the harmfulnessThere is no reliable test that allows us to clearly
of minocycline in ALS, with a more severe declinedetect relatives of ALS patients who will be at risk
of the ALS functional rating scale (ALS-FRS) scoreof developing ALS. In FALS pedigrees, SOD1 mu-
in the minocycline group than in placebo group.[90]tation is detected in about 15–20%.[79] Although
There is no clear explanation for this negative effect.more than 120 SOD1 mutations are currently de-
In their conclusion, the authors stressed that thisscribed, causative effect of mutations is not system-
study underlined that animal models might not beatic.[80] Although it is possible to perform SOD1
considered a reliable model of sporadic ALS ingenetic studies, we must keep in mind that we have
humans.to be cautious before drawing any conclusion con-

cerning the risk of ALS. The weak and variable Nevertheless, research efforts need to be contin-
penetrance of SOD1 mutations makes genetic coun- ued in this manner. Other approaches are possible,
selling difficult.[80,81] For most patients, genetic thereby increasing the number of potential therapeu-
counselling will be different from most other mono- tic trials. However, the recent results obtained in
genic disease counselling (as in Huntington’s dis- combining drugs with riluzole raise important
ease).[82-84] Genetic counselling must take into ac- methodological questions. To date, no agents appear
count the type of SOD1 mutation and be addressed to be effective on both survival and function.[91]

exclusively to first-degree blood adult relatives of Some molecules tested with riluzole worsened the
patients with a clear pathogenic SOD1 mutation. function and/or survival.[91]

In conclusion, it seems unreasonable to perform a Stem cell implantation represents another poten-
systematic test for SOD1 mutation in asymptomatic tial and promising method of treatment in ALS.
patients belonging to a FALS pedigree. Because of Stem cells correspond to self-renewing progenitor
the absence of recognized treatment and the unpre- cells that can generate specialized cell types. The
dictable delay of the preclinical stage of ALS, such role of stem cells in ALS might be the release of
analysis seems unjustified.[85] Because of the excep- neurotrophic factors or the replacement of lost
tional occurrence of the SOD1 mutation in patients motor neurons.[4] There are two main stem cell types
with sporadic ALS, it is accepted that no systematic (embryonic and multipotent cells), and two different
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