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Reviewing evidences on the management of
patients with motor neuron disease

Objective To review evidences on the management of patients with motor

neuron disease.

Data sources PubMed literature searches from January 1982 up to January

2011.

Study selection Key words for literature search were “motor neuron disease
review (MND)”. Only the articles which concentrated on the
ventilation, nutrition, cognitive or multidisciplinary approaches
for motor neuron disease were included. Case reports were not
included in the review. In addition, publications were identified
using the World Wide Web from references in these papers.

Only articles in English were considered.

Data extraction A total of 782 articles were retrieved using the key word search,
of which 72 concentrated on ventilation, nutrition, cognitive
or multidisciplinary approaches. From these, 43 articles were

eventually included and formed the basis of this review.

Data synthesis Motor neuron disease is an adult-onset neurodegenerative
disease that leads to weakness of limb, bulbar, and respiratory
muscles. It displays an ethnic variation in incidence; 90%
of cases are sporadic and 10% are familial. New diagnostic
criteria have been proposed to increase diagnostic sensitivity.
Proper clinical studies, electrophysiology, and neuroimaging are
necessary before reaching a diagnosis of motor neuron disease.
Riluzole remains the only disease-modifying drug approved for
this disease; it prolongs life by 3 to 4 months. Multidisciplinary
care units are important in the management of motor neuron
disease patients. Non-invasive positive pressure ventilation
prolongs life in motor neuron disease patients with respiratory
failure. Enteral feeding is usually recommended for affected
patients with malnutrition. Cognitive impairment is common in
these patients, for whom a formal neuropsychiatric assessment
is recommended. Appropriate palliative care is needed for these
patients in order to improve their quality of dying.

Conclusion Motor neuron disease is an incurable disease, for which a highly
effective treatment is still pending. Symptomatic treatment
remains the mainstay of management. A multidisciplinary
approach embracing advances in non-invasive ventilation and
gastrostomy can improve quality of life and extend the survival

of motor neuron disease patients.

Introduction

With improvements in assessment and growing awareness of motor neuron disease
(MND), its reported incidence is increasing, particularly in ageing populations. This review
therefore focused on evidence-based management of MND patients.

PubMed literature searches from January 1982 up to January 2011 were conducted
using the key words: “motor neuron disease review (MND)”. Only the articles which
concentrate on the ventilation, nutrition, cognitive or multidisciplinary approach of MND
were included. Case reports were not included in the review. For articles on the same or
related topics, those published at later or more recent dates were selected. Additional
publications were identified using the World Wide Web from the references of these
papers. Only articles in English were considered. Articles including the management
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of MND were included in the review. A total of 782
articles were retrieved using the key words. Of these,
72 articles concentrated on the ventilation, nutrition,
cognitive or multidisciplinary approach of MND and
43 articles were finally included and formed the basis
of this review.

Epidemiology

There is an ethnic variation in the incidence of
MND. In Caucasian populations, the lowest reported
incidence was 0.6 per 100 000 person-years in ltaly’
and the highest was 2.4 per 100 000 person-years
in Finland.? A recent study from Taiwan shows an
incidence of 1.05 per 100 000/year.? In Hong Kong,
compared to worldwide figures the incidence
remains low at 0.6 per 100 000 person-years, though
according to one Hong Kong study a significant
increase in MND or related diseases has been
encountered in the last decade.* This increase in
incidence/prevalence in Hong Kong is likely due to
the increase in average life expectancy.

Pathophysiology of motor neuron disease

Motor neuron diseases are characterised by
selective degeneration of motor neurons, including
the pyramidal fibres in the cerebral cortex, motor
neurons in ventral horn cells, and cranial motor
neurons. About 90% of cases of MND are sporadic,
there being no known cause or family history. The
remaining 10% of cases are familial, defined either
by a family history or testing positive to a known
associated genetic mutation. Thus, the SOD7 gene
mutations have been found in approximately 20% of
individuals with the inherited forms of amyotrophic
lateral sclerosis (ALS).> The SOD1T gene encodes for
the enzyme superoxide dismutase, a free radical
scavenger that reduces cellular oxidative stress
throughout the body.

The most common variant of MND is ALS,
in which patients demonstrate evidence of both
anterior horn cell and corticospinal tract dysfunction.
Progressive muscular atrophy (PMA) is a variant
in which there is exclusively lower motor neuron
involvement. It is slightly more common in men, has
an earlier mean age of onset and a better prognosis
than ALS. Another variant of MND is primary lateral
sclerosis (PLS), with only upper motor neuron
degeneration. Evidently, PMA and PLS account for
approximately 4 and 2% of MND cases, respectively,®
though many of these patients progress to ALS over
time.”

Clinical features

Development of MND ensues at different rates in
different people and affects individuals in different
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. Symptoms include weakness in the arms,
hands and legs,

posing difficulty in achieving

daily tasks. When throat muscles were affected,
swallowing and speech are affected. Difficulty
in breathing is experienced if the muscles of the
chest wall are affected. As lower motor neurons
degenerate, lower motor neuron lesion signs
(muscle atrophy, fasciculations and weakness)
manifest. As upper motor neurons degenerate,
spastic tone, hyperreflexia and upgoing plantar reflex
can be discerned. The neurological disturbance
spread within and then across multiple spinal and
cranial (lumbosacral, thoracic, cervical, and bulbar)
segments.

Evaluation and differential diagnosis of
motor neuron disease

Various laboratory, electrophysiology, and
neuroimaging studies are necessary before arriving
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at a diagnosis of MND. Such studies serve to
exclude treatable causes. Thus, hyperthyroidism
can sometimes manifest clinically with weakness,
fasciculations and hyperreflexia. Serum vitamin B12
and copper level are advisable as the deficiency of
either may cause combined systems degeneration of
the spinal cord. Serum creatinine kinase (CK) level is
usually mildly increased in MND (though only mildly);
greater than 10-fold increases above the normal
upper limit warrant consideration of polymyositis
or inclusion body myositis. Calcium and phosphate
levels need checking, if hyperparathyroidism is
suspected. Serum protein electrophoresis with
immunofixation is needed to rule out monoclonal
gammopathy, as patients with lymphoma can
sometimes present with a motor neuropathy.

Genetic testing is sometimes needed to rule out
Kennedy’s disease (an X-linked trinucleotide repeat
disorder with expansion of polyglutamine repeats in
the androgen receptor gene). It manifests as purely
lower motor disorder with peri-oral fasciculations,
tremor, gynaecomastia, and associated diabetes
mellitus; diabetes is not commonly encountered in
MND patients.

Lumbar puncture is not routinely performed in
patients with typical MND presentations, but reserved
for those in whom a meningeal inflammatory or
infiltrative disease is suspected.

All patients with suspected MND should
have nerve conduction test or electromyography
(EMG) studies performed to confirm the presence
of multisegmental motor axonopathy and rule out
alternative diagnoses. The demonstration of multiple
conduction blocks in motor nerves with the finding of
preserved muscle bulk in weakened muscles strongly
suggests multifocal motor neuropathy, which is an
immune-mediated demyelinating motor neuropathy
responsive to intravenous immunoglobulin.® Benign
fasciculation syndrome is another condition to
be considered. Affected patients usually present

TABLE |. Differential diagnosis of motor neuron disorders

with isolated fasciculations, usually in the calf
muscles. Clinically there are no lower or upper
motor neuron signs seen in the involved muscles
(other than fasciculations). In which case EMG only
shows fasciculation but without features of chronic
denervation, and CK levels are normal.

Brain or cervical spinal cord magnetic
resonance imaging (MRI) may provide evidence of a
tumour, syrinx, herniated cervical spinal disk, features
of cervical spondylosis with cord compression and
other degenerative diseases. Muscle biopsy is rarely
needed in MND patients, except in those with clinical
features suggestive of myopathy process and/or a
high CK level (Table 1).

Diagnosis

No single test can make a definitive diagnosis of
MND. The diagnosis is usually based on clinical
evaluation supported by electrophysiological
confirmation. Regular visits by the attending phys-
ician are often needed to appreciate progression.
The revised El Escorial criteria’ take into account
the clinical, electrophysiological, neuroimaging,
laboratory, and neuropathological information
(Table 2). These criteria are for clinical research
only and too restrictive for use in routine clinical
practice. They have also been criticised as having
low sensitivity.’® Thus, in 2008, the Awaji-shima
consensus recommendations (Table 3) come
out to modify the revised El Escorial criteria."
These emphasise the equivalence of clinical and
electrophysiological test findings in establishing
neurogenic changes in body regions. The category
of “Clinically Probable Laboratory-Supported ALS”
is rendered redundant. Electromyography
is important in establishing the presence of
widespread anterior horn cell damage that is
unexplained by a single nerve, root, or plexus lesion
by demonstrating evidence of active denervation and
re-innervation.

Symptoms Diagnosis

Structural lesions Brain stem tumour/mass

Spinal cord tumour/mass/vascular malformations

Cervical spondylotic myelopathy

Degenerative disease Leukodystrophies (adrenoleukodystrophy, adrenomyeloneuropathy, metachromatic leukodystrophy)

Infection

Metabolic, nutritional  Hyperthyroidism
Hyperparathyroidism
Vitamin B12 deficiency
Copper deficiency

Neuromuscular
disorders

Myasthenia gravis
Inclusion body myositis
Polymyositis
Lambert-Eaton syndrome

Human immunodeficiency virus myelopathy
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TABLE 2. Revised El Escorial research diagnostic criteria for amyotrophic lateral sclerosis™

ALS Criteria
Clinically definite ALS
Clinically definite ALS — laboratory supported UMN and/or LMN signs in one region and the patient is a carrier of a pathogenic gene mutation
Clinically probable ALS

Clinically probable ALS — laboratory
supported

UMN and LMN signs in three regions

UMN and LMN signs in two regions with some UMN signs rostral to the LMN signs

UMN signs in one or more regions and LMN signs defined by EMG in at least two regions

Clinically possible ALS UMN and LMN signs in one region, or UMN signs in at least two regions, or UMN and LMN

signs in two regions with no UMN signs rostral to LMN signs

* ALS denotes amyotrophic lateral sclerosis, UMN upper motor neuron, LMN lower motor neuron, and EMG electromyography

TABLE 3. Awaji-shima consensus recommendations for the application of electrophysiological tests to the diagnosis of amyotrophic lateral sclerosis”

ALS Definition
Clinically definite ALS

Defined by clinical or electrophysiological evidence by the presence of LMN as well as UMN signs in the bulbar
region and at least two spinal regions or the presence of LMN and UMN signs in three spinal regions

Clinically probable ALS

signs necessarily rostral to (above) the LMN signs

Clinically possible ALS

Defined when clinical or electrophysiological signs of UMN and LMN dysfunction are found in only one region; or

Defined by clinical or electrophysiological evidence by LMN and UMN signs in at least two regions with some UMN

UMN signs are found alone in two or more regions; or LMN signs are found rostral to UMN signs. Neuroimaging and

clinical laboratory studies will have to be performed and other diagnoses must have been excluded

* ALS denotes amyotrophic lateral sclerosis, UMN upper motor neuron, and LMN lower motor neuron

Disease course and prognostic markers

A previous review has shown that in MND patients,
the median survival time from onset to death ranged
from 20 to 48 months, only 10 to 20% survived longer
than 10 years.” Several poor prognostic factors
for survival have been proposed. Onset with the
bulbar form of MND correlated with a more rapid
neurological impairment but not for the time to
tracheostomy.” Advanced age at symptom onset,
lower-than-predicted forced vital capacity (FVC)
at diagnosis, long delay from symptom onset to
diagnosis, low body mass index (BMI) of <18.5, and
psychological distress are all associated with a poor
prognosis.™

Neuroprotective treatment

Riluzole, a glutamate release antagonist, is the only
disease-modifying drug approved for treating MND.
According to two clinical trials and meta-analysis,
it prolongs survival by about 3 months after 18
months of treatment.*"™ Riluzole may have little
effect in advanced ALS and it is unclear as to when
treatment should be terminated. Patients can usually
tolerate riluzole with few side-effects except fatigue
and nausea. Liver function needs to be regularly
monitored; the treatment should cease if liver
enzymes exceed 5 times the upper limit of normal
or the patient develops neutropenia. Adjunctive
nutritional supplements (vitamins and antioxidants)
in addition to riluzole are beneficial to MND
patients.™

Symptomatic treatment

In view of the limited role of drugs in prolonging
survival of MND patients, symptomatic therapy has
an important part in management of MND. Effective
management can maximise function, improve quality
of life, and increase independence. Most of the
drugs used for symptomatic treatment are based on
small studies, or on experience in other neurological
disorders.

Respiratory issues in patients with motor
neuron disease

Respiratory insufficiency in MND patients is
mainly caused by respiratory or bulbar muscle
weakness and can be aggravated by aspiration and
bronchopneumonia, and is also responsible for the
majority of deaths."” Early recognition of dyspnoea
and hypoventilation are important, as mechanical
ventilation can be initiated as early as possible,
which has been shown to prolong survival in MND
patients.™

For the early assessment of respiratory
symptoms, spirometer is usually preferred to
performing lung function test. It is readily available
and easy to perform. Forced vital capacity is the most
commonly used parameter to assessing patients
with neuromuscular disease, and was shown to be a
significant predictor of survival in MND."™ A decrease
in vital capacity to 50% predicted associated with
respiratory symptoms.” The FVC can also be checked
lying or standing; a >25% decrease in the supine
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Symptom evaluation |

\/ \ 4

oximetry or FVC <50%

Abnormal nocturnal | Peak expiratory flow rate |

(supine/erect)

A4 \ 4

Consider NIV | Assisted coughing technique
Refer to speech therapist for
A4 attention of food texture

NIV contra-indicated?
(severe bulbar disease,
severe cognitive problem,
fail to clear up secretion)

Yes No

y

\ 4

Hospice referral for
palliative care

Consider invasive NIV
ventilation

FIG |. Algorithm on respiratory management in patients with motor neuron disease
FVC denotes forced vital capacity, and NIV non-invasive ventilation

posture suggests diaphragmatic weakness.” Its
disadvantages are its dependence on patient effort
and co-operation as well as an adequate mouth-seal.
Moreover it is insensitive for detecting problems due
to significant bulbar dysfunction in the early and later
stages of MND.

Hypoventilation can be reflected by elevated
blood carbon dioxide and bicarbonate levels,
secondary to respiratory acidosis. However, these
are usually late findings. Sleep studies with overnight
oximetry can reveal nocturnal desaturation. A
full polysomonography is sometimes required
to differentiate obstruction sleep apnoea from
hypoventilation as the cause of desaturation.

In MND patients, secretions in the upper
and lower airways are difficult to handle, and there
is an increased risk of aspiration. Patients and
carers are encouraged to learn the technique of
assisting expiratory movements; using a manually
assisted cough is effective for sputum clearance.
Portable home suction is also useful for clearing
the accumulated saliva in the mouth. There is no
controlled study on medication with mucolytics.?
Alteration in food texture may also help reduce the
risk of aspiration.?* Antibiotic should only be used if
there is evidence of pulmonary infection.?

In patients with MND, non-invasive ventilation
(NIV) is usually considered before invasive
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ventilation via tracheostomy. It has been shown to
be more cost effective as it does not require nurses
to help with regular home care.” It improves quality
of life, prolongs survival, and reduces the rate of
FVC decline, except in patients with poor bulbar
function.?

No prospective trial has evaluated the
indications for initiating NIV; information is drawn
from observational studies only. Intervention is
usually recommended if respiratory symptoms
develop or when the FVC is less than 50%
predicted.”?® Patients with cognitive problems,
moderate-to-severe bulbar disease or failure to
clear secretions should be considered for invasive
ventilation instead.” Before the initiation of invasive
ventilation, patients and caregivers should fully
understand the associated ethical considerations and
costs of this form of treatment. It requires frequent
tracheal suctioning and a multidisciplinary team
care, which includes psychological support for home
ventilation.?® A summary of respiratory management
in MND patients is shown in Figure 1.

Nutritional issues in patients with motor
neuron disease

Bulbar weakness in MND is the result of deterioration
of neurons in the motor cortex and the brainstem,
and clinically manifests as difficulties with mastication
and dysphagia. In fact, nutrition is an independent
prognostic factor for survival.®' Malnourished MND
patients are prone to respiratory decompensation
and worsening of quality of life. All MND patients
need to be regularly assessed by speech therapists,
lest they are prone to choking and aspiration.*? Video
fluoroscopic swallowing study is useful in assessing
the risk of aspiration.®

Enteral feeding by means of percutaneous
endoscopic gastrostomy (PEG) or radiologically
inserted gastrostomy (RIG) is usually considered, if
the patient is not fit for oral feeding, though there
is no evidence to show that it can prolong survival
or improve quality of life. However, enteral nutrition
administered via PEG is effective in stabilising body
weight/BMI.3* There is no consensus on the specific
timing for introducing such feeding, but dysphagia,
accelerated weight loss, and low BMI are usually the
key indicators.”? The American Academy of Neurology
ALS Practice Parameter recommends that the PEG
procedure should be carried out when the FVC is
above 50% predicted, so as to minimise the risk of
respiratory complications.® Concerning RIG, it has
the benefit of not entailing sedation, being suitable
for patients with severe respiratory impairment and
is safer than PEG.* Thus far, there is no guideline on
the lowest limit of the FVC for safely proceeding with
RIG feeding. A summary of nutrition management in
MND patients is shown in Figure 2.



Sialorrhoea

Sialorrhoea is a socially disabling symptom, which
also increases the chance of aspiration due to
impaired handling of saliva. It is usually treatable.
Amitriptyline is commonly used but patients need
to be monitored for possible anticholinergic side-
effects. Oral doses of not more than 50 mg twice to
three times daily are usually sufficient. Botulinum
toxin type A (another anticholinergic) can also be
used by injection into the salivary glands, and works
by reducing saliva production. However, the effect
fades after several months and repeat injections are
necessary. There is also a concern of the weakening
effectof the drug, beingadministered to a patient with
already-compromised swallowing and breathing. In
one trial, amitriptyline and botulinum toxin were
demonstrated to be equally effective.*® For medically
refractory sialorrhoea, low-dose palliative radiation
therapy to the parotid and submandibular glands can
also be tried to reduce salivary production, but side-
effects include erythema, sore throat, and nausea.’”

Pseudobulbar emotional labiality

Pseudobulbar affect in MND includes excessive
laughing, crying as well as involuntary emotional
expression disorder. It is estimated to affect 20
to 50% of MND patients, especially those with
pseudobulbar palsy.® A fixed dose of combination
of dextromethorphan and quinine is the only drug
regimen shown to reduce the severity/extent of
laughing and crying.* It is, however, not yet approved
by the US Food and Drug Administration and has
side-effects of dizziness, nausea, and somnolence.

Spasticity and cramps

Spasticity and cramps can cause pain and impair
function in patients with MND. Current treatment
options include stretching exercises, hydrotherapy in
heated pools and pharmacotherapy (oral baclofen);
gabapentin, vitamin and riluzole appear ineffective.
Quinine is a popular drug used to combat cramps.
However a recent review of cramp therapy in
general population by an American Academy of
Neurology subcommittee reported that though
quinine derivatives are likely to be effective, they
have significant toxicity and are best avoided for
routine treatment.”” An open-label study showed that
levetiracetam is effective in the treatment of cramps
and spasticity in MND patients.*' Intrathecal baclofen
is usually reserved for patients refractory to other
therapies and is based on a single case-control study
only.

Pain

Pain is common in MND patients, for which non-
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status (eg FVC)

\ 4

Symptoms of dysphagia/
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Y
Education of PEG
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Proceed to PEG if no Consider respiratory
contra-indication support during PEG/
consider RIG

FIG 2. Algorithm on nutrition management in patients with motor neuron disease
FVC denotes forced vital capacity, PEG percutaneous endoscopic gastrostomy, and RIG
radiologically inserted gastrostomy

specific pain killers are used. Treatment usually begins
with simple analgesics, if followed by weak opioids
(tramadol) and if needed strong opioids (morphine).
Opioid side-effects, such as constipation, needed to
be borne in mind.

Cognitive and behavioural impairment in
patients with motor neuron disease

Thereis no controlled trial of treatmentfor depression
in MND. Commonly used antidepressants include
tricyclics (eg amitriptyline) and selective serotonin
reuptake inhibitors (fluoxetine). For insomnia,
amitriptyline and zolpidem are most often used.
Benzodiazepines such as diazepam and lorazepam
are common anxiolytics used in MND patients with
anxiety.

Although the degenerative pathology of MND
predominantly affects the motor system, cognitive
and behavioural symptoms have been described for
a long time. One of the largest studies of MND found
47% of such patients had cognitive impairment.> A
recent meta-analysis of cognitive function in MND
patients based on Mini-Mental State Examinations
found that immediate verbal memory, visual memory,
and fluency were mostly affected.® There is currently
no consensus on pharmacological treatment for
cognitive or behavioural impairment in MND and no
study on this issue has been published. Screening of
MND patients for co-morbid conditions at diagnosis
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and at regular intervals is recommended by the
American Academy of Neurology Practice Parameter.?

Multidisciplinary management of motor
neuron disease

Multidisciplinary care units which deal with the
physical, emotional, relational, and spiritual spectrum
are believed to be beneficial for MND patients.
Such care usually comprises several team members,
including neurologist, nurse specialist, occupational
therapist, physical therapist, respiratory therapist,
neuropsychologist, and a social worker. Studies
have shown that patients attending multidisciplinary
care units survive longer and enjoy better quality
of life compared to those attending merely a
multidisciplinary clinic.# This may be related to a
higher rate of riluzole use, PEG, NIV, and a fewer
hospital admissions.

Palliative and end-of-life issue

Due to the progressive nature of the disease,
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treatment remains the mainstay of management.
A multidisciplinary approach coupled with the
advances in NIV and gastrostomy can improve quality
of life and extend the survival of such patients.

1. De Domenico P, Malara CE, Marabello L, et al. Amyotrophic
lateral sclerosis: an epidemiological study in the Province of
Messina, Italy, 1976-1985. Neuroepidemiology 1988;7:152-8.

2. Murros K, Fogelholm R. Amyotrophic lateral sclerosis in
Middle-Finland: an epidemiological study. Acta Neurol
Scand 1983;67:41-7.

3. Lai CH, Tseng HF. Epidemiology and medical expenses
of motor neuron diseases in Taiwan. Neuroepidemiology
2008;31:159-66.

4. Fong GC, ChengTs, Lam K, et al. An epidemiological study
of motor neuron disease in Hong Kong. Amyotroph Lateral
Scler Other Motor Neuron Disord 2005;6:164-8.

5. Rosen DR, Siddique T, Patterson D, et al. Mutations in Cu/
Zn superoxide dismutase gene are associated with familial
amyotrophic lateral sclerosis. Nature 1993;362:59-62.

6. Norris F, Shepherd R, Denys E, et al. Onset, natural history
and outcome in idiopathic adult onset motor neuron
disease. ] Neurol Sci 1993;118:48-55.

7. Gordon PH, Cheng B, Katz IB, et al. The natural history of
primary lateral sclerosis. Neurology 2006;66:647-53.

8. Taylor BV, Wright RA, Harper CM, Dyck PJ. Natural history
of 46 patients with multifocal motor neuropathy with
conduction block. Muscle Nerve 2000;23:900-8.

9. Beghi E, Balzarini C, Bogliun G, et al. Reliability of the El
Escorial diagnostic criteria for amyotrophic lateral sclerosis.
Neuroepidemiology 2002;21:265-70.

10. Traynor BJ, Codd MB, Corr B, Forde C, Frost E, Hardiman OM.
Clinical features of amyotrophic lateral sclerosis according
to the El Escorial and Airlie House diagnostic criteria: A
population-based study. Arch Neurol 2000;57:1171-6.

11. de Carvalho M, Dengler R, Eisen A, et al. Electrodiagnostic
criteria  for diagnosis of ALS. Clin Neurophysiol
2008;119:497-503.

12.Chio A, Logroscino G, Hardiman O, et al. Prognostic

b4 Hong Kong Med J Vol 18 No 1 & February 2012 8 www.hkmj.org

factors in ALS: A critical review. Amyotroph Lateral Scler
2009;10:310-23.

13. Gil J, Preux PM, Alioum A, et al. Disease progression and
survival in ALS: first multi-state model approach. Amyotroph
Lateral Scler 2007;8:224-9.

14. Bensimon G, Lacomblez L, Meininger V. A controlled trial
of riluzole in amyotrophic lateral sclerosis. N Engl | Med
1994;330:585-91.

15. Lacomblez L, Bensimon G, Leigh P, Guillet P, Meininger
V. Dose-ranging study of riluzole in amyotrophic lateral
sclerosis. Amyotrophic Lateral Sclerosis/Riluzole Study
Group Il. Lancet 1996;347:1425-31.

16. Orrell RW, Lane RJ, Ross M. Antioxidant treatment for
amyotrophic lateral sclerosis / motor neuron disease.
Cochrane Database Syst Rev 2007;(1):CD002829.

17.Borasio GD, Gelinas DF, Yanagisawa N. Mechanical
ventilation in amyotrophic lateral sclerosis: a cross-cultural
perspective. ] Neurol 1998;245 Suppl 2:S7-12; discussion
S29.

18. Sherman MS, Paz HL. Review of respiratory care of the
patient with amyotrophic lateral sclerosis. Respiration
1994;61:61-7.

19. Czaplinski A, Yen AA, Appel SH. Forced vital capacity
(FVC) as an indicator of survival and disease progression
in an ALS clinic population. J Neurol Neurosurg Psychiatry
2006;77:390-2.

20. Lyall RA, Donaldson N, Polkey M, Leigh PN, Moxham
J. Respiratory muscle strength and ventilatory failure in
amyotrophic lateral sclerosis. Brain 2001;124:2000-13.

21. Alle SM, Hunt B, Green M. Fall in vital capacity with
weakness. Br ] Dis Chest 1985;79:267-71.

22.lyall RA, Moxham J, Leigh N. The control of symptoms.
Dyspnoea. In: Oliver D, Borasio GD, Walsh D, editors.
Palliative care in amyotrophic lateral sclerosis (motor



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

neurone disease). Oxford: Oxford University Press; 2000:
43-62.

Newall AR, Orser R, Hunt M. The control of oral secretions
in bulbar ALS/MND. ] Neurol Sci 1996;139 Suppl:435-44S.
Leigh PN, Swash M. The management of motor neuron
disease. In: Leigh PN, Swash M, editors. Motor neurone
disease: biology and management. London: Springer-Verlag;
1995: 375-406.

Ginsberg G, Lowe S. Cost effectiveness of treatments for
amyotrophic lateral sclerosis: a review of the literature.
Pharmacoeconomics 2002;20:367-87.

Miller RG, Jackson CE, Kasarskis EJ, et al. Practice parameter
update: The care of the patient with amyotrophic lateral
sclerosis: drug, nutritional, and respiratory therapies (an
evidence-based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology.
Neurology 2009;73:1218-26.

Miller RG, Gelinas DF, Mitsumoto H, Newman D, Sufit
RL, et al. Practice parameter: the care of the patient with
amyotrophic lateral sclerosis (an evidence based review):
report of the Quality Standards Subcommittee of the
American Academy of Neurology. Neurorehabil Neural
Repair 1999;13:93-107.

Cazzolli PA, Oppenheimer EA. Home mechanical
ventilation for amyotrophic lateral sclerosis: nasal compared
to tracheostomy-intermittent positive pressure ventilation. J
Neurol Sci 1996;139 Suppl:123-8.

Shneerson JM, Simonds AK. Noninvasive ventilation for
chest wall and neuromuscular disorders. Eur Respir J
2002;20:480-7.

Sivak ED, Cordasco EM, Gipson WT. Pulmonary mechanical
ventilation at home: a reasonable and less expensive
alternative. Respir Care 1983;28:42-9.

Cameron A, Rosenfeld J. Nutritional issues and supplements
in amyotrophic lateral sclerosis and other neurodegenerative
disorders. Curr Opin Clin Nutr Metab Care 2002;5:631-43.
Borasio GD, Shaw PJ, Hardiman O, Ludolph AC, Sales-
Luis ML, Silani V; European ALS Study Group. Standards
of palliative care for patients with amyotrophic lateral
sclerosis: results of a European survey. Amyotroph Lateral
Scler Other Motor Neuron Disord 2001;2:159-64.

Higo R, Tayama N, Watanabe T, Nitou T

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

& Motor neuron disease &

Videomanofluorometric study in amyotrophic lateral
sclerosis. Laryngoscope 2002;112:911-7.

Mazzini L, Corra T, Zaccala M, Mora G, Del Piano M,
Galante M. Percutaneous endoscopic gastrostomy and
enteral nutrition in amyotrophic lateral sclerosis. J Neurol
1995;242:695-8.

Chio A, Galletti R, Finocchiaro C, et al. Percutaneous
radiological gastrostomy: a safe and effective method of
nutritional tube placement in advanced ALS. ] Neurol
Neurosurg Psychiatry 2004;75:645-7.

Levitski GN, Alekhin AV, Serdiuk AV, Morgunova MS,
Koneva ON, Skvortsova VI. Pharmacological therapy of
sialorrhea in patients with motor neuron disease [in Russian].
Zh Nevrol Psikhiatr Im S S Korsakova 2005;105:19-22.
Harriman M, Morrison M, Hay J, Revonta M, Eisen A,
Lentle B. Use of radiotherapy for control of sialorrhea in
patients with amyotrophic lateral sclerosis. J Otolaryngol
2001;30:242-5.

McCullagh S, Moore M, Gawel M, Feinstein A. Pathological
laughing and crying in amyotrophic lateral sclerosis: an
association with prefrontal cognitive dysfunction. ] Neurol
Sci 1999;169:43-8.

Brooks BR, Thisted RA, Appel SH, et al. Treatment of
pseudobulbar affect in ALS with dextromethorphan/
quinidine: a randomized trial. Neurology 2004;63:1364-70.
Drug products withdrawn from sale for reasons other than
safety or effectiveness: quinine-containing drug products;
enforcement action dates. Fed Regist 2006;71:75557-60.
Bedlack RS, Pastula DM, Hawes ], Heydt D. Open-label
pilot trial of levetiracetam for cramps and spasticity in
patients with motor neuron disease. Amyotroph Lateral
Scler 2009;10:210-5.

Ringholz GM, Appel SH, Bradshaw M, Cooke NA, Mosnik
DM, Schulz PE. Prevalence and patterns of cognitive
impairment in sporadic ALS. Neurology 2005;65:586-90.
RaaphorstJ, de Visser M, Linssen WH, de Haan R}, Schmand
B. The cognitive profile of amyotrophic lateral sclerosis: A
meta-analysis. Amyotroph Lateral Scler 2010;11:27-37.
Traynor BJ, Alexander M, Corr B, Frost E, Hardiman O. Effect
of a multidisciplinary amyotrophic lateral sclerosis (ALS)
clinic on ALS survival: a population based study, 1996-
2000. J Neurol Neurosurg Psychiatry 2003;74:1258-61.

Hong Kong Med J Vol 18 No 1 #& February 2012 & www.hkmj.org

55



