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ABSTRACT: Neuromuscular and chest wall disorders are individually uncommon but
together form an important group of conditions that can lead to chronic ventilatory failure.
This is best recognised in scoliosis, kyphosis, following a thoracoplasty, in muscular
dystrophies, such as Duchenne muscular dystrophy (DMD), and myotonic dystrophy,
after poliomyelitis and with motor neurone disease (amyotrophic lateral sclerosis).

If bulbar function is impaired, tracheostomy ventilation may be required, but in other
situations, noninvasive ventilation is preferable. Positive pressure techniques using nasal
and face masks are usually the first choice, but negative pressure ventilation is an
alternative.

There are no randomised-controlled trials regarding the indications for initiating
noninvasive ventilation, but this is usually provided if there are symptoms due to
nocturnal hypoventilation or right heart failure in the presence of a raised carbon
dioxide tension in arterial blood (Pa,CO2) either at night or, more usually, in the daytime
as well. There is no evidence that "prophylactic" ventilatory support is of benefit if this
is provided before ventilatory failure has appeared. Careful selection of patients is
required, especially in the presence of progressive neuromuscular disorders such as
DMD and motor neurone disease.

There are no randomised-controlled trials concerning the outcome of noninvasive
ventilation in these conditions, but studies have shown an improved quality of life, physical
activity and haemodynamics, normalisation of blood gases and slight improvement in
other physiological measures, such as the vital capacity and maximal mouth pressures.
Survival in chest wall disorders isy90% at 1 yr and 80% at 5 yrs, and similar figures
have been obtained in nonprogressive neuromuscular conditions. If, however, the
underlying disorder is deteriorating, particularly if it involves the bulbar muscles, it may
limit survival despite the provision of adequate noninvasive ventilatory support.
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Hypercapnic ventilatory failure may occur in
most disorders of the thoracic skeleton. These have
common physiological features, particularly a restric-
tive ventilatory defect and decreased compliance of
the chest wall [1]. Hypercapnia first appears in sleep
and during activities such as exercise. In general,
sternal diseases rarely cause respiratory failure except
when there is a traumatic fracture associated with
fractures of several ribs leading to a flail segment. The
most common rib abnormality leading to respiratory
failure is a thoracoplasty. Scoliosis and, less fre-
quently, a kyphosis with severe deformity may cause
severe ventilatory failure, but other spinal disorders,
such as ankylosing spondylitis, rarely cause this
complication.

The respiratory drive is intrinsically normal in these
conditions but the mechanical abnormalities prevent
it from being translated into a normal degree of
lung inflation and deflation. Ventilation/perfusion
matching is usually well preserved but hypercapnia
develops when the force that can be generated by the
respiratory muscles is outweighed by the extra load
placed on them by the reduced compliance of the
respiratory system. The increased work of breathing
and reduced respiratory muscle activity during rapid
eye movement (REM) sleep leads to hypercapnia
being seen at this time before it develops during the
deeper stages of nonrapid eye movement (NREM)
sleep and, later, wakefulness [2, 3].

Considerable experience has been gained over the
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last 15–20 yrs in noninvasive ventilation for chest wall
disorders, but despite this there are no randomised-
controlled studies on its effectiveness or indications.
The evidence that is available, however, suggests that
there is little difference in the ventilatory requirements
between the various conditions.

Chest wall disorders

Types of ventilatory support

Some respiratory muscle activity persists even
during REM and stages 3 and 4 NREM sleep, so
that partial rather than total respiratory support is
usually required. This can be delivered in two ways
as described below.

Noninvasive positive pressure ventilation. A nasal mask
is usually preferable to a full face mask or a mouth-
piece. Patients with chest wall disorders are no more
prone to complications, e.g. nasal ulcers, mask dis-
placement, air leaks or upper airway obstruction, from
this type of treatment than those with other disorders
[4]. Either pressure- or volume-preset ventilation is
likely to be effective [5–7]. A peak inspiratory pressure
of 20–25 cmH2O is often required with pressure-preset
ventilation and an inspiratory time of 0.8–1 s with an
expiratory time ofy2 s. A sensitive triggering system
with a short response time is required in view of the
rapid respiratory frequency that is adopted by these
subjects. Positive end expiratory pressure is not essen-
tial, apart from in some bilevel pressure-support
systems in which it is mandatory to flush the dead
space, but may be useful at a level of 2–4 cmH2O [8].
Supplemental oxygen is rarely required unless the
oxygen tension in arterial blood (Pa,O2) cannot be
normalised.

Negative pressure ventilation. A cuirass or jacket
(poncho) type of negative pressure ventilator is
almost invariably preferred to a tank ventilator, but
these have the disadvantage that the subjects have to
lie on their back throughout the night and have a
restricted range of movements. This is particularly
problematic with a kyphosis, where the sharp angu-
lation of the spine can become uncomfortable. There
may also be difficulty in moulding a cuirass to those
with a severe thoracic scoliosis. Negative pressure
ventilation is a form of pressure-preset ventilation, but
is only widely available in the controlled mode because
triggering is only present with a limited range of
modern tank ventilators. This can cause incoor-
dination between the ventilator and the patient and
upper airway obstruction may develop due to the
negative pressure applied to the airway [9]. The
inspiratory and expiratory times are similar to those
required for positive pressure ventilation.

Patient selection

Noninvasive ventilation has been proposed in the
following situations.

Asymptomatic high-risk patients. Patients with a vital
capacity of v1–1.5 L, scoliosis developing before the
age of 8 yrs and a high thoracic curve are at risk of
developing respiratory failure, usually in the fourth or
fifth decade [10]. Such patients should be identified
early and warned of the symptoms (table 1) that
suggest nocturnal hypoventilation [3]. They should be
followed-up long term since the onset of ventilatory
failure is often insidious. Ventilatory failure may pre-
sent as an emergency either during an acute illness,
such as a chest infection, or following symptoms sug-
gestive of nocturnal hypoventilation over the preced-
ing weeks.

Normal diurnal blood gas tensions. Treating those at
risk of developing hypercapnic respiratory failure could
theoretically prevent the complications related to this
and delay the onset of respiratory failure. The only
evidence about this comes from those with Duchenne
muscular dystrophy (DMD) in whom it was found that
"prophylactic" ventilatory support was associated with
a worse rather than improved survival [11]. The cause
of this is unclear but it may have been due to over
confidence during respiratory infections in the venti-
lator subjects, which led them and their carers to seek
help too late. There is no evidence of any benefit of
noninvasive ventilatory support if the carbon dioxide
tension in arterial blood (Pa,CO2) while breathing air
remains normal. A normal Pa,CO2 while awake, asso-
ciated with a high Pa,CO2 during sleep, could be an
indication for nocturnal ventilatory support, but again
there is no evidence of this. In practice the decision
whether or not to start noninvasive support in these
situations usually depends on the severity of the physio-
logical abnormalities that are detected during sleep, in
particular the degree of hypoxia and hypercapnia, and
the presence or absence of complications such as poly-
cythaemia or a high pulmonary artery pressure. In
those with a scoliosis associated with poliomyelitis,
early ventilation, if there is evidence of nocturnal hypo-
ventilation without abnormal arterial blood gas
tensions while awake, may be of benefit, as prompt
relief of excessive muscle activity may prevent, delay or
reduce the rate of progress of the postpoliomyelitis
syndrome [12].

Abnormal diurnal blood gas tensions. If hypercap-
nia is present during the day as well as at night, but
without symptoms or any complications such as poly-
cythaemia or pulmonary hypertension, the indica-
tion for treatment is stronger than with nocturnal
hypercapnia alone, but there is little evidence from
large or controlled studies to support noninvasive
positive-pressure ventilation (NPPV) in this situation.

Table 1. – Symptoms of nocturnal hypoventilation

Sudden awakenings from sleep
Irregular respiratory pattern while asleep
Early morning bifrontal headaches
Excessive daytime sleepiness
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Abnormal diurnal blood gas tensions and symp-
toms. Symptoms such as increasing shortness of
breath on exertion, physical tiredness, sleepiness and
ankle swelling may all reflect hypercapnic respiratory
failure and right heart failure and can be relieved by
ventilatory support. Symptoms are unusual in the
absence of daytime hypercapnia and a combination
of symptoms is the primary indication for starting
NPPV. It has been suggested that ventilatory support
should be initiated when there are symptoms with
either Pa,CO2 w6 kPa (45 mmHg) or w5 min spent
asleep with an arterial oxygen saturation (Sa,O2)v88%,
although these recommendations are not based upon
any published data [13].

Contraindications

The contraindications to treatment with nasal
ventilation in chest wall disorders are similar to
those with other conditions. They include inability
to apply the headgear or cuirass or jacket and lack of
motivation. Psychological factors, such as claustro-
phobia, may be important. Extensive or severe
nonrespiratory disease, such as disseminated cancer,
may limit the value of noninvasive support.

Outcome

Quality of life. Breathlessness on exertion, quality of
sleep, daytime sleepiness and fatigue, and early-
morning headaches can all be improved [14–16].
Activities of daily living, such as shopping, cooking
and cleaning, may be carried out with less difficulty
than before. There are few studies on the effects of
treatment of respiratory problems on education [17]
but continued schooling is feasible despite the need for
ventilatory support. Adults may be able to return to
work [18] and long-term ventilatory support has been
shown to reduce the number of days spent in hospital
[4, 19–21] and improve psychosocial and mental
function [19, 22].

Physiological measures. Sleep architecture [23], oxygen
saturation and transcutaneous Pa,CO2 during sleep, as
well as the arterial blood gases during the day, improve
[20, 21, 24, 25–27], often within the first few days of
treatment.

Small improvements in vital capacity, functional
residual capacity, maximum inspiratory and expiratory
mouth pressures, inspiratory muscle endurance and
respiratory drive have also been demonstrated [19]. In
a 3-month prospective controlled trial, SCHONHOFER

et al. [28] showed a significant improvement in endu-
rance time in three different tests in the NPPV group
compared with controls. Endurance time increased by
278¡269% during an inspiratory threshold loading
test, by 176¡159% during a cycle ergometer test, and
by 32¡22% during a shuttle walking test. Pulmonary
haemodynamics have also been shown to improve
significantly after 1 yr of NPPV in patients with chest
wall deformity [29].

Survival. There have been no controlled studies with
survival as an end point in chronic respiratory failure
due to chest wall disorders, but uncontrolled studies
have shown that in stable disorders such as scoliosis,
the 1-yr survival isy90% and 5-yr survivaly80% [24,
30]. The results appear to be similar whether the
treatment is provided with a positive or negative
pressure system, but there is less data regarding the
latter [26]. Patients with a thoracoplasty have a similar
outlook despite extensive pulmonary disease due to a
previous tuberculous infection [31]. If scoliosis is due to
a neuromuscular disorder the prognosis depends as
much on the progress of this condition as on the
scoliosis itself, but for those who have had polio-
myelitis, for instance, the survival figures are as good as
in scoliosis without any neuromuscular weakness
[14, 24].

Pregnancy. Pregnancy may precipitate hypercapnic
respiratory failure in the presence of a chest wall
disorder. Risk factors appear to be a vital capacity of
v1 L, thoracic scoliosisw100 degrees, abnormal blood
gases, especially an elevated Pa,CO2, and the presence of
bilateral diaphragm weakness or extensive intercostal
muscle weakness in addition to the chest wall disorder.
Patients with these features should be monitored
closely during pregnancy with arterial blood gas
analysis, maximum inspiratory and expiratory pres-
sures, vital capacity and sleep studies.

While ventilatory failure developing early in preg-
nancy may be best treated by termination of preg-
nancy, later in pregnancy, noninvasive respiratory
support is an important technique [32–34]. Negative-
pressure systems are difficult to use because of the
continual change in the abdominal dimensions and
NPPV is preferable. The need for respiratory support
alters abruptly during labour at which time the pain
from uterine contractions is a respiratory stimulant,
but conversely, analgesics and other respiratory seda-
tives can precipitate hypercapnic respiratory failure.

Neuromuscular disorders

Neuromuscular disorders can be divided into slowly
and rapidly progressive (table 2). There is no accepted
definition of these subgroups but understanding the
speed of progression of the disease is important in
deciding the appropriateness of NPPV. Symptoms
are similar to those described above (table 1). Central
hypoventilation syndromes are rare, and either con-
genital or acquired in origin. In congenital central
hypoventilation syndrome (CCHS), ventilatory failure
is seen soon after birth due to absent or negligible
ventilatory responses to hypercapnia and hypoxae-
mia. The clinical course may be complicated by
pulmonary hypoplasia, feeding difficulties, and auto-
nomic dysfunction [35]. Acquired central hypoventila-
tion syndromes occur as result of brainstem lesions
due to cerebrovascular accident, encephalitis or
tumours etc., or there may be no obvious cause.

The use of NPPV in progressive neurological
disease (as opposed to nonprogressive conditions
such as previous poliomyelitis) has previously been
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regarded as controversial because of fears that the use
of ventilatory support in a terminal stage might simply
protract death rather than extend good quality life.
In addition, there are fears that use of noninvasive
ventilation will inevitably progress to invasive tra-
cheostomy ventilation thereby leading to entrapment
on a ventilator. There are a growing number of studies
addressing these concerns, and recent information
suggests that NPPV may improve symptom control
and quality of life in some patients. However, the
selection of patients is likely to remain of critical
importance. At present, there are no randomised
controlled studies of NPPV in respiratory failure due
to progressive neuromuscular diseases, and quality of
life information is limited. Recommendations are
therefore based on case series data, but it should be
noted that in some instances randomised controlled
trials may be unethical since the inevitable result of
with-holding ventilatory support is death.

Choice of ventilatory equipment

NPPV is superior to negative-pressure ventilation,
with the latter reserved for patients who cannot tole-
rate positive-pressure techniques. Bilevel pressure-
support devices may aid upper airway stabilisation
and reduce atelectasis in neuromuscular patients,
thereby improving overnight arterial blood gas con-
trol, but this has not been confirmed in detailed
studies. Some authors advocate use of cough
in-exsufflators when cough expiratory peak flow falls
to v160 L?min-1 [36]. There are no controlled studies
of this cough-assist equipment, but case series suggest
that a combination of expiratory muscle-assist equip-
ment and NPPV are more effective at reducing hos-
pital admissions than tracheostomy ventilation [37].

Management of acute ventilatory failure

Patients with neuromuscular disease often develop
ventilatory insufficiency or failure for the first time
during an acute chest infection. Cough-assist devices
alone may be of value to facilitate sputum clearance
in those without overt ventilatory failure, particularly
in patients with marked expiratory-muscle weakness,
but this work needs to be confirmed. Otherwise, acute
NPPV may be used to reduce the need for intuba-
tion and/or facilitate weaning [38]. The addition of
a minitracheostomy ("minitrach") to NPPV may be

helpful in the acute phase of a chest infection to allow
efficient removal of bronchial secretions [39].

Progression in ventilatory need

Ventilatory dependency is likely to increase over
time with progressive neuromuscular disease and
ventilator settings may also need to be changed.
Ventilatory adjuncts, such as mouth ventilation with
a mouthpiece attached to a support on a wheelchair,
can be helpful [40]. Some patients with progressive
bulbar problems and/or increasing ventilator depen-
dency may wish to progress to invasive ventilation.
Options should be carefully discussed with the patient
and family, and advanced directives formulated where
possible.

Tracheostomy ventilation

Tracheostomy-intermittent positive-pressure venti-
lation (T-IPPV) is more frequently used in some
countries (e.g. France) than others (e.g. Italy and the
UK). It should be considered in patients with a high
level of ventilatory dependency (near 24 h), but is
most relevant in individuals with severe swallowing
problems, resulting in aspiration. Discharge of
T-IPPV patients from hospital is more complex than
NPPV recipients, but can be achieved efficiently in
well-experienced units [41].

Oxygen therapy

As the main cause of respiratory insufficiency in
neuromuscular disorders is alveolar ventilation, the
use of oxygen therapy alone in acute or chronic
ventilatory failure is usually inappropriate. The
addition of oxygen therapy to ventilatory support is
sometimes required during episodes of acute pneumo-
nia, but it is unlikely to be required long term. Close
monitoring of Pa,CO2 is indicated if oxygen therapy is
used.

Slowly progressive neuromuscular disease

As indicated in table 2, some neuromuscular con-
ditions may be nonprogressive (e.g. poliomyelitis) or
slowly progressive (e.g. some myopathies and muscular

Table 2. – Course of neuromuscular and neurological disease

Rapidly progressive Variable progression Slowly progressive or nonprogressive

Motor neurone disease/ALS Limb girdle MD Previous poliomyelitis
DMD (in teenage years) Myopathies Facio scapulo humeral MD

Nemaline Type III SMA
Metabolic Central hypoventilation

Merosin negative congenital
muscular dystrophy

Spinal cord injury

ALS: amyotrophic lateral sclerosis; DMD: Duchenne muscular dystrophy; SMA: spinal muscular abrophy; MD: muscular
dystrophy.
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dystrophy variants). However, physiological changes,
such as weight gain, chest infection, additional chro-
nic cardiorespiratory pathology or sleep-disordered
breathing, may cause ventilatory decompensation, in
the absence of progression of the underlying disease.

Patient selection

As with chest wall disease patients, current con-
sensus conference recommendations [13] indicate
that NPPV should be used in symptomatic patients
with one of the following: 1) diurnal Pa,CO2 w6.0 Pa;
and 2) nocturnal Sa,O2 v88% for 5 consecutive min.
There is no evidence that the prophylactic use of
ventilatory support offers any advantages.

Outcome

Significant improvements in nocturnal and diurnal
arterial blood gas tensions, mortality and quality of
life are reported in patients with old poliomyelitis
and other slowly progressive conditions [24, 30]. The
5-yr survival rates on nocturnal NPPV are near 100%
in patients with previous poliomyelitis. Mortality in
central hypoventilation syndromes depends on the
underlying aetiology of the condition.

Pregnancy

As with patients with restrictive ventilatory defects
due to chest wall disease, successful pregnancy has
been reported in individuals with neurological and
neuromuscular diseases [42–44], although the outcome
is unlikely to be favourable in patients with a vital
capacity much below 1 L and severe respiratory
muscle weakness [45, 46].

Progressive neuromuscular disease

Duchenne muscular dystrophy. The mean survival
following the development of diurnal hypercapnia in
DMD is 9.7 months if ventilatory support is not
provided [47]. A Consensus recommendation [13] is
that NPPV should be initiated in symptomatic DMD
patients with a daytime Pa,CO2 w6.0 kPa. There is
no evidence that NPPV is effective when started as
prophylactic therapy before the development of
diurnal hypercapnia [11]. NPPV is relatively contrain-
dicated in DMD patients with severe bulbar weak-
ness, but a proportion of these may be satisfactorily
managed by NPPV, which should be tried initially.
Complications are minor and include nasal bridge
sores and gastric distension. Overnight titration of
ventilator settings will allow avoidance of such
complications as over ventilation.

Patient selection for noninvasive positive-pressure
ventilation. It is suggested that DMD patients
receive respiratory outpatient follow-up once vital
capacity or forced expiratory volume in one second

(FEV1) is v40–50% predicted. Patients should be
questioned about symptoms of nocturnal hypoven-
tilation. Overnight monitoring of respiration should
be considered once vital capacity isv30% pred. A base
excess of w4 mmol?L-1 is predictive of significant
nocturnal desaturation [48]. Some patients develop
obstructive sleep apnoea/hypopnoea syndrome before
the appearance of overt nocturnal hypoventilation [49].
In this subgroup, continuous positive airway pressure
(CPAP) may be effective, but subsequent transfer
to NPPV is usually required, and the need for this
should be ascertained by follow-up sleep studies, e.g.
every 6 months. Maximal inspiratory pressures of
v30% pred are associated with nocturnal and diurnal
hypercapnia. Cardiac assessment, including electro-
cardiogram and echocardiogram, should be carried
out regularly to determine the development of cardio-
myopathy. Once NPPV is initiated, ventilatory settings
can be titrated to overnight Sa,O2 and carbon dioxide
measurements, to avoid overventilation, which is
relatively easy in patients with neuromuscular
disease as the impedance to inflation is low. DMD
patients receiving NPPV should be reviewed regularly,
e.g. every 6 months.

Outcome. Quality of life. Social and mental health
aspects of health-related quality of life in DMD
patients are not significantly different to findings in
age-matched controls and other nonprogressive groups
using NPPV [38], although studies of quality of life
before and after initiation of NPPV have not been
reported. Healthcare workers tend to underestimate
the quality of life of DMD patients [50]. Most patients
receiving ventilatory support judge their quality of
life as satisfactory [50]. It should also be noted that
some physicians may fail to explore the possibility
of assisted ventilation fully with patients because of
quality of life concerns [51].

Physiological indices. The effects of NPPV on the
evolution of cardiomyopathy, lung function, respira-
tory muscle strength and functional impairment have
not been clearly determined.

Survival and morbidity. LEGER et al. [30] showed a
3-yr probability of continuing NPPV in DMD of
36%. In this series of 16 patients, five progressed to
tracheostomy ventilation. By contrast, a 1-yr survival
of 85% and 5-yr survival of 73% have been shown
in another series [38] using NPPV as the sole means
of ventilatory support, indicating that transfer to
invasive ventilation should not be seen as inevitable.
BACH et al. [37] have shown a reduction in hospital-
isation for pulmonary complications in a DMD
group treated with a noninvasive approach (NPPV
plus cough in-exsufflation) as opposed to those using
tracheostomy ventilation.

Amyotrophic lateral sclerosis. Amyotrophic lateral
sclerosis (ALS) differs from DMD in being an
acquired disorder, which tends to be more rapidly
progressive. This makes psychological and physical
adaptation more difficult. Patients with ALS tend
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not to present with respiratory symptoms until vital
capacity is v50% pred. Patients may report somno-
lence due to severe sleep fragmentation and patients
with absent or markedly reduced diaphragm function
have been shown to have reduced time in REM sleep
and a worse survival than patients with preserved
diaphragm function [52]. It should be noted that
while a proportion of patients with stable restrictive
disorders may remain reasonably steady state with
mild hypercapnia for some time, in ALS patients, even
a small elevation in diurnal Pa,CO2 indicates a high
risk of imminent severe ventilatory decompensation.
There are no prospective randomised controlled trials
of NPPV in ALS, although in two studies [53, 54],
patients who chose NPPV were compared with those
who declined [53, 54] or used it for v4 h?night-1 [54].

Patient selection for noninvasive positive airway
pressure. NPPV is indicated in patients with diurnal
Pa,CO2w6 kPa [13] and may be of value in patients with
normocapnia but severe dyspnoea or othopnoea [55]
due to respiratory muscle weakness. In this group, vital
capacity is likely to bev50% and maximum inspiratory
pressure v60 cmH2O. NPPV is unlikely to benefit
patients without symptoms or those with profound
bulbar weakness. Some patients protect their blood gas
tensions by poor quality sleep and patients who sleep
poorly with evidence of respiratory muscle weakness
can be considered for NPPV.

Outcome. Quality of life. There are few detailed
studies of the impact of NPPV on the quality of
life in ALS, and PINTO et al. [53] showed that
NPPV did not produce a significant improvement.
However, more recent work suggests that mean-
ingful gains in quality of life can be achieved
despite a continued decline in physical function
[56, 57]. It is important that any future work
examining this area reviews quality of life over the
course of the illness not just at the time ventilatory
support is initiated.

Survival. Prolonged survival in ALS patients receiv-
ing T-IPPV has been demonstrated by OPPENHEIMER

[58] and others. In a series of 101 patients, 1-yr
survival was 87%, 3-yr survival 58%, and 5-yr
survival 33%. As y30% of patients present with
marked bulbar involvement, T-IPPV may be the
only form of ventilatory support feasible. Using
nocturnal bilevel pressure support NPPV, PINTO et al.
[53] showed a very significant survival advantage in
ALS patients with abnormal blood gas tensions
compared to a group who did not receive NPPV.
Elderly patients did just as well as younger patients
in this study. In another series [59] where selected
symptomatic ALS patients were allocated NPPV,
median survival of ALS patients was y10 months.
In a retrospective study of 122 patients with ALS
offered NPPV when the forced vital capacity fell to
v50% pred, patients were divided into three groups.
Group 1: accepted NPPV and used it w4 h?day-1

(n=38). Group 2: did not tolerate NPPV well and
used it v4 h?day-1 (n=32). Group 3: refused to try

NPPV (n=52). There was a statistically significant
improvement in survival from initiation of NPPV
in group 1 (14.2 months) compared to group 2
(7.0 months, p=0.002) or 3 (4.6 months, pv0.001),
respectively. Furthermore, when the slope of vital
capacity decline was examined, the group that used
NPPV for w4 h?day-1 had a slower decline in vital
capacity (-3.5% change per month) compared to
group 2 (-5.9% change per month, p=0.02) and
group 3 (-8.3% change per month, pv0.001). These
data suggest that NPPV should be considered when
the forced vital capacity falls v50% pred.

Complications. Failure rates with NPPV in ALS
are probably higher than in other neuromuscular
diseases. In a study examining factors determining
the success of NPPV in ALS, ABOUSSOUAN et al.
[60] found that 46% of hypercapnic and/or ortho-
pnoeic patients were able to tolerate NPPV (defined
as ability to use during sleep for w4 consecutive
hours). Moderate or severe bulbar symptoms were
commoner in those with tolerance problems (67%
versus 33%; p=0.04) but did not preclude use. This
indicates that a trial on NPPV is reasonable even
in patients with moderately severe bulbar symptoms.
Clearly, if problems with the ventilator outweigh
beneficial effects, then NPPV can be rapidly discon-
tinued. Patients who tolerate NPPV tend to live
longer than those who cannot tolerate it [60]. Progres-
sion of NPPV to T-IPPV has not been systematically
evaluated in ALS patients. The use of cough
in-exsufflators in ALS has been advocated. This
approach awaits further evaluation, but early results
are encouraging.

Advance directives. Most patients with ALS and DMD
wish to be actively involved with decision-making
about their care. Sensitive discussion about the
escalation of ventilation support, limits to therapy,
and resuscitation status with the patient and family
is to be encouraged [61, 62].

Conclusion

Noninvasive ventilation is well established in these
conditions and it is unlikely that randomised con-
trolled studies with survival as an end point would
ever gain ethical approval in most of these disorders.
There are so few adequate studies on noninvasive
ventilation in chest wall disorders and neuromuscular
disease that research is required in many aspects.
It is particularly needed to examine breath-by-breath
interactions between the patient and the ventilator,
the mechanisms by which noninvasive ventilation
influences cardiorespiratory function, the optimal
time at which assisted ventilation should be started
and the requirements for ongoing assessment. Studies
of the effect on the natural history of more rapidly
progressive neuromuscular diseases, upon the quality
of life of both the patient and their carers at various
stages in the disease, the most appropriate time to
introduce noninvasive positive pressure ventilation, and
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how to predict individuals most likely to respond are
needed. Quality of life assessment tools specific to
these disorders need to be developed.

References

1. Bergofsky EH. Respiratory failure in disorders of the
thoracic cage. Am Rev Respir Dis 1979; 119: 643–669.

2. Sawicka EH, Branthwaite MA. Respiration during
sleep in kyphoscoliosis. Thorax 1987; 42: 801–808.

3. Midgren B, Petersson K, Hansson L, Eriksson L,
Airikkala P, Elmqvist D. Nocturnal hypoxaemia in
severe scoliosis. Br J Dis Chest 1988; 82: 226–236.

4. Bach JR, Alba AS. Management of chronic alveolar
hypoventilation by nasal ventilation. Chest 1990;
97: 52–57.

5. Schonhofer B, Sonneborn M, Haidl P, Bohrer B,
Kohler D. Comparison of two different modes for
noninvasive mechanical ventilation in chronic respira-
tory failure: volume versus pressure controlled device.
Eur Respir J 1997; 10: 184–191.

6. Tejeda M, Boix JH, Alvarez F, Balanza R, Morales
M. Comparison of pressure support ventilation and
assist-control ventilation in the treatment of respira-
tory failure. Chest 1997; 111: 1322–1325.

7. Elliott MW, Aquilina R, Green M, Moxham J,
Simonds AK. A comparison of different modes of
non-invasive ventilatory support: effects on ventila-
tion and inspiratory muscle effort. Anaesthesia 1994;
49: 279–283.

8. Elliott MW, Simonds AK. Nocturnal assisted ventila-
tion using bilevel positive airway pressure: the effect
of expiratory positive airway pressure. Eur Respir J
1995; 8: 436–440.

9. Smith IE, King MA, Shneerson JM. Choosing a nega-
tive pressure ventilation pump: are there any impor-
tant differences? Eur Respir J 1995; 8: 1792–1795.

10. Branthwaite MA. Cardiorespiratory consequences
of unfused idiopathic scoliosis. Br J Dis Chest 1986;
80: 360–369.

11. Raphael J-C, Chevret S, Chastang C, Bouvet F.
Randomised trial of preventive nasal ventilation in
Duchenne muscular dystrophy. Lancet 1994; 343:
1600–1604.

12. Agre JC. Local muscle and total body fatigue. In:
Halstead LS, Grimby C, eds. Post-polio syndrome.
Philadelphia, Hanley and Belfus Inc., 1994; pp. 35–67.

13. Consensus Conference. Clinical indications for non-
invasive positive pressure ventilation in chronic res-
piratory failure due to restrictive lung disease, COPD,
and nocturnal hypoventilation - a Consensus con-
ference report. Chest 1999; 116: 521–534.

14. Leger P, Jennequin J, Gerard M, Lassonnery S,
Robert D. Home positive pressure ventilation via
nasal mask for patients with neuromusculoskeletal
disorders. Eur Respir J 1989; 2: Suppl. 7, 640s–645s.

15. Hill NS, Eveloff SE, Carlisle CC, Goff SG. Efficacy of
nocturnal nasal ventilation in patients with restrictive
thoracic disease. Am Rev Respir Dis 1992; 145: 365–
371.

16. Schiavina M, Fabiani A. Intermittent negative pres-
sure ventilation in patients with restrictive respiratory
failure. Monaldi Arch Chest Dis 1993; 48: 169–175.

17. Gilgoff IS, Kahlstrom E, MacLaughlin E, Keens TG.
Long-term ventilatory support in spinal muscular
atrophy. J Pediatr 1989; 115: 904–909.

18. Sawicka EH, Loh L, Branthwaite MA. Domicilary
ventilatory support; an analysis of outcome. Thorax
1988; 43: 31–35.

19. Kinnear W, Hockley S, Harvey J, Shneerson J. The
effects of one year of nocturnal cuirass-assisted
ventilation in chest wall disease. Eur Respir J 1988;
1: 204–208.

20. Zaccaria S, Ioli F, Lusuardi M, Ruga V, Spada EL,
Donner CF. Long-term nocturnal mechanical ventila-
tion in patients with kyphoscoliosis. Monaldi Arch
Chest Dis 1995; 50: 433–437.

21. Ferris G, Servera-Pieras E, Vergara P, et al. Kyphos-
coliosis ventilatory insufficiency: noninvasive manage-
ment outcomes. Am J Phys Med Rehabil 2000; 79: 24–
29.

22. Pehrsson K, Olofson J, Larsson S, Sullivan M.
Quality of life in patients treated by home mechanical
ventilation due to restrictive ventilatory disorders.
Respir Med 1994; 88: 21–26.

23. Ellis ER, Grunstein RR, Chan S, Bye PTB, Sullivan
CE. Noninvasive ventilatory support during sleep
improves respiratory failure in kyphoscoliosis. Chest
1988; 94: 811–815.

24. Simonds AK, Elliott MW. Outcome of domiciliary
nasal intermittent positive pressure ventilation in
restrictive and obstructive disorders. Thorax 1995;
50: 604–609.

25. Schonhofer B, Kohler D. Effect of non-invasive
mechanical ventilation on sleep and nocturnal ventila-
tion in patients with chronic respiratory failure.
Thorax 2000; 55: 308–313.

26. Jackson M, Kinnear W, King M, Hockley S,
Shneerson J. The effects of five years of nocturnal
cuirass-assisted ventilation in chest wall disease. Eur
Respir J 1993; 6: 630–635.

27. Zaccaria S, Zaccaria E, Zanaboni S, et al. Home
mechanical ventilation in kyphoscoliosis. Monaldi
Arch Chest Dis 1993; 48: 161–164.

28. Schonhofer B, Wallstein S, Wiese C, Kohler D.
Noninvasive mechanical ventilation improves endur-
ance performance in patients with chronic respiratory
failure due to thoracic restriction. Chest 2001; 119:
1371–1378.

29. Schonhofer B, Barchfeld T, Wenzel M, Kohler D.
Long term effects of non-invasive mechanical ventila-
tion on pulmonary haemodynamics in patients with
chronic respiratory failure. Thorax 2001; 56: 524–528.

30. Leger P, Bedicam JM, Cornette A, et al. Nasal
intermittent positive pressure ventilation. Long term
follow-up in patients with severe chronic respiratory
insufficiency. Chest 1994; 105: 100–105.

31. Jackson M, Smith I, King M, Shneerson J. Long
term non-invasive domiciliary assisted ventilation for
respiratory failure following thoracoplasty. Thorax
1994; 49: 915–919.

32. Sawicka EH, Spencer GT, Branthwaite MA. Manage-
ment of respiratory failure complicating pregnancy
in severe kyphoscoliosis: a new use for an old
technique? Br J Dis Chest 1986; 80: 191–196.

33. Woollam CH, Houlton MC. Respiratory failure in
pregnancy. Anaesthesia 1976; 31: 1217–1220.

34. Restrick LJ, Clapp BR, Mikelsons C, Wedzicha JA.
Nasal ventilation in pregnancy: treatment of nocturnal
hypoventilation in a patient with kyphoscoliosis. Eur
Respir J 1997; 10: 2657–2658.

35. American Thoracic Society. Idiopathic congenital
central hypoventilation syndrome. Diagnosis and

486 J.M. SHNEERSON, A.K. SIMONDS



management. Am J Respir Crit Care Med 1999; 160:
368–373.

36. Bach JR. Mechanical insufflation-exsufflation. Com-
parison of peak expiratory flows with manually
assisted and unassisted coughing techniques. Chest
1993; 104: 1553–1562.

37. Bach JR, Ishikawa Y, Kim H. Prevention of
pulmonary morbidity for patients with Duchenne
muscular dystrophy. Chest 1998; 112: 1024–1028.

38. Simonds AK, Muntoni F, Heather S, Fielding S.
Impact of nasal ventilation on survival in hypercapnic
Duchenne muscular dystrophy. Thorax 1998; 53: 949–
952.

39. Vianello A, Bevilacqua M, Arcano G, Ritrovato L,
Gallan F, Frigo GF. Non-invasive ventilatory
approach to treatment of acute respiratory failure in
Duchenne9s muscular dystrophy. Eur Respir J 1998;
12: 129S.

40. Bach JR, Alba AS, Saporito LR. Intermittent posi-
tive pressure ventilation via the mouth as an alter-
native to tracheostomy for 257 ventilator users. Chest
1993; 103: 174–182.

41. Simonds AK. From intensive care unit to home
discharge in the 24h ventilator-dependent patient.
Eur Respir Mon 1998; 8: 364–379.

42. Ekblad U, Kanto J. Pregnancy outcome in an
extremely small woman with muscular dystrophy and
respiratory insufficiency. Acta Anaes Scand 1993; 37:
228–230.

43. Dahl B, Norregard FO, Juhl B. Pregnancy and
delivery in a woman with neuromuscular disease.
(Spinal muscular atrophy and severely reduced
pulmonary function). Ugeskrift for Lager 1995; 157:
750–751.

44. Pieters Th, Amy JJ, Burrini D, Aubert G, Rodenstein
DO, Collard Ph. Normal pregnancy in primary
alveolar hypoventilation treated with nocturnal nasal
intermittent positive pressure ventilation. Eur Respir J
1995; 8: 1424–1427.

45. Hughes JMB, Shovlin CK, Simonds AK. Respiratory
disease and cor pulmonale. In: Oakley CM, ed.
Heart disease in pregnancy. London, BMJ Publishing
Group, 1996; pp. 180–200.

46. Simonds AK. Domiciliary non-invasive ventilation in
restrictive disorders and stable neuromuscular disease.
In: Simonds AK, ed. Non-invasive respiratory sup-
port: a practical handbook. London, Arnold, 2001;
pp. 133–145.

47. Vianello A, Bevilacqua M, Salvador V, Cardaioli C,
Vincenti E. Long-term nasal intermittent positive
pressure ventilation in advanced Duchenne9s Muscu-
lar Dystrophy. Chest 1994; 105: 445–448.

48. Hukins CA, Hillman DR. Daytime predictors of sleep
hypoventilation in Duchenne muscular dystrophy.
Am J Respir Crit Care Med 2000; 161: 166–170.

49. Khan Y, Heckmatt JZ. Obstructive apnoeas in

Duchenne muscular dystrophy. Thorax 1994; 49:
157–161.

50. Bach JR, Campagnolo DI, Hoeman S. Life satisfac-
tion of individuals with Duchenne muscular dystrophy
using long-term mechanical ventilatory support. Am
J Phys Med Rehabil 1991; 70: 129–135.

51. Gibson B. Long-term ventilation for patients with
Duchenne muscular dystrophy. Physicians9 beliefs and
practices. Chest 2001; 119: 940–946.

52. Arnulf I, Similowski T, Salachas F, et al. Sleep
disorders and diaphragmatic function in patients
with amyotrophic lateral sclerosis. Am J Respir Crit
Care Med 2000; 161: 849–856.

53. Pinto AC, Evangelista T, Carvalho M, Alves MA,
Sales Luis ML. Respiratory assistance with a non-
invasive ventilator (BiPAP) in MND/ALS patients:
survival rates in a controlled trial. J Neurol Sci 1995;
129: Suppl., 19–26.

54. Kleopa KA, Sherman M, Neal B, Romano GJ,
Heiman-Patterson T. Bipap improves survival and
rate of pulmonary function decline in patients with
ALS. J Neurol Sci 1999; 164: 82–88.

55. Bourke SC, Shaw PJ, Bullock R, Gibson GJ. Criteria
for initiating non-invasive ventilation in motor neu-
rone disease (abstract). Am J Respir Crit Care Med
2001; 163: A153.

56. Bourke SC, Shaw PJ, Bullock R, Gibson GJ. Non-
invasive ventilation improves quality of life in motor
neurone disease (abstract). Am J Respir Crit Care Med
2001; 163: A153.

57. Lyall RA, Donaldson N, Fleming T, et al. A prospec-
tive study of quality of life in ALS patients treated
with noninvasive ventilation. Neurology 2001; 57: 153–
156.

58. Oppenheimer EA. Amyotrophic lateral sclerosis:
care, survival and quality of life on home mechanical
ventilation. In: Robert D, Make BJ, Leger P, et al.,
eds. Home mechanical ventilation. Paris, Arnette
Blackwell, 1995; pp. 249–260.

59. Polkey MI, Lyall RA, Davidson AC, Leigh PN,
Moxham J. Ethical and clinical issues in the use of
home non-invasive ventilation for the palliation of
breathlessness in motor neurone disease. Thorax 1999;
54: 367–371.

60. Aboussouan LS, Khan SU, Meeker DP, Stelmach K,
Mitsumoto H. Effect of noninvasive positive-pressure
ventilation on survival in amyotrophic lateral sclero-
sis. Ann Intern Med 1997; 127: 450–453.

61. Moss AH, Oppenheimer EA, Casey P, et al. Patients
with amyotrophic lateral sclerosis receiving long-term
mechanical ventilation. Advance care planning and
outcomes. Chest 1996; 110: 249–255.

62. Simonds AK. Nasal ventilation in progressive neuro-
muscular disease: experience in adults and adolescents.
Monaldi Arch Chest Dis 2000; 55: 237–241.

487NIV FOR CHEST WALL AND NEUROMUSCULAR DISORDERS


