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ABSTRACT: Respiratory muscle weakness in neuromuscular disease causes significant
morbidity and mortality. The published data on respiratory muscle activity and
breathing during sleep in normal subjects, the impact of respiratory muscle weakness on
sleep and breathing and the relations to daytime respiratory function in neuromuscular
disease are reviewed here. In normal subjects during sleep upper airway resistance
increases, chemosensitivity is reduced and the wakefulness drive to breathe is lost,
resulting in a fall in ventilation. During rapid eye movement (REM) sleep, ribcage
and accessory breathing muscles are suppressed, particularly during bursts of eye
movements, and breathing is more irregular, rapid and shallow, with a further fall in
ventilation.
In subjects with respiratory muscle weakness sleep is fragmented, with shorter total

sleep time, frequent arousals, an increase in stage 1 sleep and a reduction in, or
complete suppression of, REM sleep. Sleep-disordered breathing and nocturnal desatu-
ration are common and most severe during REM sleep. Correlations between daytime
respiratory function and nocturnal desaturation are moderate or weak, but daytime
respiratory function has greater prognostic value than nocturnal measurements.
Noninvasive ventilation improves sleep quality and breathing in subjects with

respiratory muscle weakness. However, the optimal criteria for initiation of ventilation
and its role in rapidly progressive neuromuscular diseases are unclear.
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Respiratory muscle weakness and sleep-disordered
breathing are both common in neuromuscular dis-
eases such as amyotrophic lateral sclerosis (ALS)
[1–5], muscular dystrophies (e.g. Duchenne9s muscular
dystrophy (DMD) [6–10], and myotonic dystrophy
(MD) [11–14], myopathies (e.g. nemaline myopathy
[15]), Guillian-Barré syndrome and myasthenia gravis
[16–18]. Respiratory muscle weakness, apnoeas and
hypopnoeas, and abnormalities of breathing pattern
and ventilatory drive may all contribute to nocturnal
desaturation and sleep disruption, even before day-
time ventilatory failure ensues. Patients with severe
respiratory muscle weakness frequently complain of
unrefreshing sleep, daytime sleepiness, impaired con-
centration, fatigue and lethargy due to nocturnal
hypoventilation and sleep disruption [2–4, 7, 11, 19,
20]. The risk of respiratory infections is increased
by impairment of cough due to respiratory muscle
or bulbar weakness, and death is frequently due to
respiratory failure.

There is increasing evidence that noninvasive
ventilation (NIV) improves survival [21–24] and qua-
lity of life [25] in neuromuscular disease complicated
by respiratory muscle weakness. The prevalence of
respiratory muscle weakness and sleep disruption in
neuromuscular disease, the associated morbidity and
mortality, and the potential efficacy of NIV emphasize
the importance of understanding the adverse effects of
weakness on sleep and nocturnal oxygenation, and of

recognizing the resulting symptoms at an early stage.
The role of overnight monitoring by either detailed
polysomnography (PSG) or simple oximetry in clini-
cal assessment of these patients is uncertain. In this
review the normal effects of sleep on muscle activity
and breathing are described, and then the evidence
on disruption of sleep architecture, sleep-disordered
breathing and nocturnal oxygenation in neuromuscu-
lar disease is reviewed. In particular, the relations
between symptoms, daytime respiratory function and
sleep-disordered breathing and sleep disruption are
explored. Finally, the more specific findings in various
diseases, and the impact of NIV on sleep and
breathing in neuromuscular disease are described.

Normal breathing and muscle activity during sleep

Indices of ventilation during wakefulness and sleep
are shown in figure 1 [26].

Nonrapid eye movement sleep

Electromyogram (EMG) studies have shown
that at sleep onset (transition from alpha to theta
electroencephalogram (EEG) activity) phasic dia-
phragmatic, intercostal and genioglossus activity fall
and then rise again, while phasic and tonic activity
of tensor palatini falls abruptly and remains low [27].
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Ventilation falls abruptly and is associated with a
more rapid, shallow and regular breathing pattern
[28], resulting in a rise in the partial pressure of carbon
dioxide (PCO2) [28, 29]. Ventilation shows only a slight
further decline once sleep becomes established. Upper
airway resistance (UAR) increases abruptly at sleep
onset due to reduced activity of the pharyngeal dilator
muscles but, in contrast to ventilation, there is a
further progressive rise in UAR associated with
increasing delta EEG activity in slow-wave sleep
[30]. The increase in phasic diaphragmatic and inter-
costal EMG activity in nonrapid eye movement
(NREM) sleep (following the transient fall at sleep
onset) reflects the rise in respiratory workload due to
increased UAR. In subjects with a tracheostomy, the
fall in ventilation and rise in end-tidal PCO2 during
sleep are similar to normal subjects [31]. This supports
the hypothesis that the changes in ventilation during
sleep result primarily from a reduction in ventilatory

drive due to reduced chemosensitivity [29, 32] and loss
of the wakefulness drive to breathe [33], rather than
from the increase in UAR. The rise in genioglossus
activity during NREM sleep, after the initial fall at
sleep onset, may be important in maintaining airway
patency [34].

Rapid eye movement sleep

During rapid eye movement (REM) sleep there is a
marked generalized reduction in the tone of skeletal
muscles, with the exception of the diaphragm and
extra-ocular muscles [35]. DOUGLAS et al. [28] reported
a further fall in tidal volume (due to reduced ribcage
contribution), minute ventilation and mean inspira-
tory flow (an index of ventilatory drive) from NREM
to REM sleep. Two smaller studies reported only a
trend for a fall in tidal volume, with no significant
reduction in ventilation during REM compared to
NREM. Although the ribcage contribution decreased,
its effect was balanced by increased diaphragmatic
activity [36] and respiratory rate [26].

REM sleep is not a homogeneous state, but
comprises phasic REM associated with bursts of
rapid eye movements, and tonic REM, between
bursts of rapid eye movements. In comparison to
tonic REM, phasic REM is associated with smaller
tidal volume (due to less ribcage contribution), higher
respiratory rate (due to a fall in expiratory time) [26,
36, 37] and lower minute ventilation. The breathing
pattern is also more irregular [26, 36]. The changes in
tidal volume and respiratory rate are proportional
to the intensity of the rapid eye movements [26, 36].
Increasing phase shift between ribcage and abdominal
movements accompanying the rapid eye movements
has also been described, and may reflect relatively
greater inhibition of the upper airway musculature
leading to pharyngeal narrowing during eye move-
ments [36].

In summary, REM sleep in healthy subjects is
associated with a shift from predominantly ribcage to
diaphragmatic breathing, and is heterogeneous;
during bursts of rapid eye movements breathing is
more irregular, rapid and shallow, with an overall fall
in ventilation.

Neuromuscular disease

Muscle activity: adaptive mechanisms in respiratory
muscle weakness

In some patients with respiratory muscle weakness,
expiratory contraction of the abdominal muscles
has been shown during wakefulness and NREM
sleep (semirecumbent). Subsequent relaxation of the
abdominal muscles at the onset of inspiration aids
diaphragmatic descent and inspiration [38, 39].

Subjects with diaphragmatic weakness are particu-
larly vulnerable to REM-related hypoventilation and
desaturation. Unusual phasic inspiratory activity of
sternocleidomastoid during REM has been reported
in a proportion of subjects with severe diaphragmatic
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Fig. 1. – a) Minute ventilation, b) tidal volume and c) respiratory
rate during wakefulness and sleep in 10 normal adult subjects.
Data are presented as mean¡SEM. #: Ventilation lower during
sleep compared to wake pv0.02; }: p=0.01; z: tidal volume lower
during sleep compared to wake pv0.05; **: pv0.01; §: respiratory
rate higher in rapid eye movement (REM) compared to nonrapid
eye movement sleep (NREM) or wake pv0.05. Data from
GOULD et al. [26].
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weakness due to ALS, which may be another acquired
adaptive mechanism [1].

Sleep architecture

Reduced total sleep time [2, 3] and sleep efficiency
[2] are well described in patients with respiratory
muscle weakness. Marked sleep fragmentation is
commonly seen in subjects with respiratory or sleep-
related symptoms [3, 38] with frequent arousals [2, 3,
10], an increase in stage 1 sleep [3, 7] and reduction
in REM sleep [1, 7, 38]. Complete suppression of
REM has been reported in association with severe
diaphragmatic weakness [1, 38]. As these subjects are
most vulnerable to oxygen desaturation during REM
sleep, its suppression may represent a compensatory
mechanism. Studies in subjects with equivalent respi-
ratory function have shown substantial variation in
the degree of sleep disruption, which at least in part,
appears to be related to the reported prevalence of
symptoms [2, 3, 7–9, 40]. In other populations sleep-
related symptoms have a large impact on quality of
life, shown, for example, by short form 36 (SF-36)
health status scores in untreated obstructive sleep
apnoea, and the improved scores on continuous positive
airway pressure therapy. The quality of life of patients
with ALS correlates with both daytime respiratory
muscle function and polysomnographic indices [41].

Sleep breathing disorders in neuromuscular disease

The commonest form of sleep-disordered breathing
in patients with respiratory muscle weakness is
hypoventilation due to reduced tidal volume, particu-
larly during REM sleep [3, 4]. Similar REM-related
hypoventilation has been described in several other
situations (e.g. chronic obstructive pulmonary disease
(COPD), cystic fibrosis and obesity hypoventilation
syndrome) [42]. The degree of overall hypoventilation
is not consistently reported, perhaps reflecting the
difficulty of quantitating hypoventilation compared to
apnoeas and hypopnoeas. The distinction between
hypoventilation and central hypopnoeas is arbitrary;
the latter usually refer to discrete short periods
when ventilation is reduced compared to a preceding
reference period.

A high prevalence of sleep-disordered breathing has
been reported in neuromuscular disease, irrespective
of the primary disorder [2, 3, 7–10, 13, 40]. The
definition of apnoea is consistent in the vast majority
of studies, but definitions of hypopnoea differ,
depending whether oxygen desaturation (3 or 4%)
and/or EEG arousal must also be present. The
classification of events as "central" or "obstructive"
using noninvasive monitoring is particularly difficult
in neuromuscular disease. Obstructive apnoea may
be misclassified as central when respiratory muscles
are too weak to move the chest wall against a closed
pharynx. SMITH et al. [9] showed phasic submental
EMG activity during apparent central apnoeas in two
subjects with DMD, and coined the term "pseudo-
central apnoea". There are even greater pitfalls in the
classification of hypopnoeas. Severe diaphragmatic

weakness causes paradoxical movement of the chest
and abdomen even without narrowing of the upper
airway, which may cause misclassification of central
hypopnoeas as obstructive. An increasing phase
difference between chest and abdominal movements,
stable or increasing submental EMG (particularly
at the end of the event), phasic diaphragmatic EMG
activity, and snoring provide strong supportive
evidence for an obstructive aetiology [38].

The most frequently reported discrete sleep-breath-
ing events in patients with respiratory muscle weak-
ness are central hypopnoeas [3, 7, 9, 13, 16, 40], which
are more frequent and prolonged in REM sleep [3,
7, 9, 13, 16], particularly phasic REM [38]. During
REM sleep, suppression of the intercostal and
accessory respiratory muscles (including the abdomi-
nal muscles), combined with inadequate diaphrag-
matic recruitment, leads to hypoventilation. The
degree of muscle suppression, and consequent reduc-
tion in ventilation, is proportional to the density of
eye movements, and often meets the criteria for
central hypopnoea during bursts of rapid eye move-
ments. The degree of desaturation is related to the
severity of diaphragmatic weakness [38, 39].

In some studies predominantly obstructive events
have been reported, either in a substantial proportion
of subjects [7, 10, 38] or overall [4, 8, 40]. Obstructive
events are more likely in subjects with a high body
mass index (BMI) [40], who snore [7, 40], or have
anatomical abnormalities such as macroglossia (e.g. in
DMD) [7]. Increased UAR during REM sleep may
also contribute to obstructive apnoeas or hypopnoeas
[8]. Discrepancies in the proportion of obstructive
events between studies of subjects with the same
underlying condition and similar respiratory function
are considerable. For example, FERGUSON et al. [3]
reported purely central events in 17 subjects with
bulbar ALS and mean vital capacity (VC) of 81%,
while GAY et al. [4] reported predominantly obstruc-
tive events in 16 of 18 subjects with ALS and a mean
VC of 82%. A similar discrepancy is seen in other
neuromuscular diseases, such as DMD [7, 8] and
MD [13, 14], and may reflect the inherent difficulty in
classifying events using noninvasive monitoring.
Notably, studies in which oesophageal pressure was
recorded to accurately determine the nature of events
have reported predominantly central events [13, 16].

The apnoea/hypopnoea index (AHI) has been
shown to correlate to varying degrees with excessive
daytime somnolence [2, 4], daytime arterial oxygen
tension [7] and total lung capacity (TLC) [10]
although not consistently. Overall however, the
relation between the AHI and either sleep-related
symptoms [13, 40] or respiratory muscle function [7,
10, 11, 13, 40] is poor.

Nocturnal oxygenation in neuromuscular disease,
relation to daytime lung function and symptoms

In subjects with respiratory muscle weakness,
nocturnal desaturation may occur due to any or all
of the following: 1) overall hypoventilation, 2)
periodic apnoeas and hypopnoeas, and probably 3)
ventilation/perfusion mismatching due to increased
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atelectasis in the supine posture. The most profound
desaturation occurs during REM [3, 8, 9, 39, 42],
particularly phasic REM [38], usually related to
central hypopnoeas/hypoventilation [3, 7, 9, 10, 13,
38, 40] (fig. 2). In patients with neuromuscular disease
nocturnal oxygenation tends to be lower with
increasing age and BMI [9, 39, 40].

Several studies have examined the relationship
between daytime respiratory function and nocturnal
oxygenation. As would be expected, indices of
nocturnal saturation correlate with daytime arterial
blood gases [7, 10, 39] and saturation [40]. However,
since nocturnal desaturation is likely to precede
daytime respiratory failure more sensitive predictors
of nocturnal desaturation have been sought. Less
consistent and weaker relationships have been shown
between nocturnal oxygen saturation and VC [10,
39, 40], fall in VC supine [38, 39], forced expira-
tory volume in one second (FEV1) [10], maximal

expiratory pressure (PE,max) [9] and functional resi-
dual capacity [43] (table 1). However, it is important
to note that indices of daytime lung function (VC and
maximal inspiratory pressure (PI,max)) are better pre-
dictors of survival than overnight oxygen saturation
[4, 44] and orthopnoea in the presence of substantial
impairment of daytime respiratory muscle function
may be a better predictor of benefit from NIV than
nocturnal desaturation [45].

Sleep-disordered breathing and nocturnal oxygen
desaturation may be predicted by orthopnoea [2],
waking with a sensation of breathlessness [16], exces-
sive daytime somnolence [2, 4, 16] and difficulty
sleeping [4]. GAY et al. [4] found that excessive daytime
somnolence was 100% sensitive (although only 57%
specific) for predicting nocturnal desaturation. There
is conflicting evidence on the relationship between
symptoms and sleep-disordered breathing and noc-
turnal desaturation in subjects with DMD and
equivalent daytime respiratory function [7, 9]. Sleep
symptoms may be under-reported by patients and,
in very disabling conditions, are easily overlooked
by clinicians [7]. This emphasizes the importance of
careful clinical evaluation for orthopnoea and sleep-
related symptoms, which in the presence of moderate
or severe respiratory muscle weakness may be an
effective means of selecting patients for NIV.

Features specific to individual disorders

Isolated diaphragmatic paralysis

Subjects with isolated diaphragmatic paralysis are
particularly prone to nocturnal desaturation during
REM sleep [38], even with only unilateral involvement
[46]. Although few detailed polysomnographic studies
have been performed in such patients, REM sleep [46]
and slow-wave sleep (SWS) are likely to be reduced
[38, 46]. Daytime respiratory failure is unusual with

Eye
movements

Airflow

Ribcage

Abdomen

Phasic REM

10 s

100
85

Sa,O2

Fig. 2. – Suppression of airflow, chest and abdominal movement
during tonic and phasic rapid eye movement (REM). Phasic REM
is identified by the burst of rapid eye movements, and indicated
by a bar. The consequent reduction in the arterial oxygen
saturation (Sa,O2) is indicated by the arrow.

Table 1. –Relations between daytime pulmonary function tests and nocturnal oxygen saturation (Sa,O2) in neuromuscular
disease

First author [ref. no.] Disorder Subjects n Daytime function correlation with nocturnal Sa,O2 (r)

Pa,CO2 VC DVC PI,max PE,max Lung volumes

DAVID [2] ALS 17 NS NS
}

GAY [4] ALS 21 -0.66 NS
}

NS
}

NS
}

SMITH [9] DMD 14 NS NS NS NS pv0.05z NS

HUKINS [10] DMD 19 0.71 -0.46 NS NS NS

MANNI [39] DMD 11 NS NS NS NS NS
FRC 0.68
RV 0.67

FINNIMORE [11] MD 12 NS NS NS NS NS NS

WHITE [33] Various 8 NS -0.78 NS NS NS

LABANOSWKI [34] Various 60 NS
# 0.35 NS NS NS

BYE [37] Various 20 0.59 0.79 0.59 NS NS NS

ALS: amyotrophic lateral sclerosis; DMD: Duchenne muscular dystrophy; MD: myotonic dystrophy; DVC: % fall in vital
capacity on lying supine; Pa,CO2: carbon dioxide tension in arterial blood; PI,max: maximal inspiratory pressure; PE,max:
maximal expiratory pressure; NS: nonsignificant. Studies used different indices of nocturnal desaturation, which influenced the
direction of the correlation (e.g. mean Sa,O2 versus time Sa,O2v90%). No study applied a correction for multiple comparisons.
Values with pv0.05 are shown. #: Correlation with awake Sa,O2=0.78; }: poor or nonsignificant; z: desaturators versus
nondesaturators, t-test.
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isolated bilateral diaphragmatic paralysis unless there
is coexisting intrinsic lung disease (e.g. COPD) or
obesity [38, 46–49].

Amyotrophic lateral sclerosis

Most studies in ALS have been conducted on
selected populations, e.g. with bulbar involvement [3],
diaphragmatic involvement [1] or in the presence [2] or
absence [50] of respiratory and/or sleep-related symp-
toms. In the largest unselected cross-sectional study,
GAY et al. [4] reported a mean AHI of 11.3 events?h-1

in 21 subjects, of whom seven had an AHI w10.
However, the principal cause of nocturnal desatura-
tion was hypoventilation. Comparing the PSG results
of the various studies, the frequency of sleep-
disordered breathing is very variable (16.7–76.5%),
and appears to reflect the prevalence of respiratory
and sleep-related symptoms, and to a lesser extent, the
impairment of daytime respiratory function in the
populations studied [2–5, 50]. A similar variation is
seen with the degree of disruption of sleep architec-
ture [1, 3–5]. Diaphragmatic paresis or paralysis is
associated with sleep disruption and a reduction in, or
complete suppression of, REM [1]. No significant
relations between bulbar involvement and the severity
of sleep-disordered breathing or the type of event
(obstructive or central) have been reported [1–5, 50].
Nocturnal desaturation and sleep disruption in ALS
therefore appear to be due mainly to diaphragmatic
weakness and hypoventilation, rather than to obstruc-
tive events due to bulbar weakness [1].

Duchenne muscular dystrophy

One study in 21 subjects with DMD using auto-
mated analysis reported apnoeas, which initially were
mainly obstructive, but with disease progression the
proportion of central apnoeas increased. The authors
concluded that sleep-disordered breathing in DMD
was initially obstructive in nature (which might have
therapeutic implications), and suggested that the
apparent increase in central events in serial studies
may be due to misclassification ("pseudo-central"
events) [8]. Snoring and macroglossia are associated
with obstructive apnoeas and hypopnoeas in DMD
[7], but most studies have reported predominantly
central events [7, 9, 10, 43]. These data are supported
by studies in other conditions in which oesophageal
pressure was monitored to accurately stage events
[13, 16].

In comparison to subjects with ALS and a similar
impairment of daytime respiratory function, sleep
architecture appears to be better preserved in DMD.
In common with other neuromuscular conditions,
the relation between daytime function and nocturnal
oxygen desaturation or respiratory events is poor [7, 9,
10], but daytime function, specifically VC v1 L, is a
more powerful prognostic predictor than any noc-
turnal index [44]. Evidence on the relationships
between sleep-disordered breathing and symptoms is

contradictory [7–9], which may reflect how carefully
symptoms were sought.

Myotonic dystrophy

Daytime somnolence, hypercapnia, sleep-disordered
breathing and nocturnal desaturation are all common
in MD [11–13]. Furthermore, the AHI and degree of
nocturnal desaturation are greater than in nonmyo-
tonic neuromuscular disease with a similar degree
of respiratory muscle weakness [12]. Subjects with
MD tend to be heavier than those with other forms
of neuromuscular disease [12], and the degree of
nocturnal desaturation is related to the BMI [11]. In
most patients with MD sleepiness is not clearly
attributable to hypercapnia, sleep-disordered breath-
ing or disturbance of sleep architecture [12, 51]. MD is
also associated with an irregular breathing pattern
during wakefulness [52] and light sleep, which does
not persist during SWS [51, 53], suggesting that the
defect may be due to cortical, rather than medullary/
central (chemosensitive drive) influences. Such irregu-
larity of breathing pattern is not seen in nonmyotonic
subjects with similar respiratory muscle weakness [53].

Myasthenia gravis

Several investigators have suggested that sleep-
related symptoms in myasthesia gravis (MG) might
reflect central nervous system involvement or occur
as a side-effect of anticholinesterase therapy, yet there
is little evidence to support this [54]. Sleep-disordered
breathing is common in MG associated with peri-
pheral respiratory muscle weakness, particularly
diaphragmatic weakness. In common with other
conditions, sleep-disordered breathing and nocturnal
desaturation are most pronounced during REM sleep
[16, 18] and the majority of respiratory events are
central. Older patients with a higher BMI, lower TLC
and abnormal daytime arterial blood gases are most
vulnerable [16]. Sleep-disordered breathing and noc-
turnal desaturation may improve following treatment
with thymectomy [17] or prednisolone [18].

Impact of noninvasive ventilation on sleep in
respiratory muscle weakness

Negative-pressure ventilation

Negative-pressure ventilation was introduced in the
1950s to treat victims of the polio epidemics with
respiratory failure. It has been shown to improve
oxygenation, particularly during NREM sleep. Sleep
architecture remains fragmented with frequent arou-
sals [55]. Episodes of severe desaturation still occur,
particularly during REM sleep, associated with
obstructive events. Negative-pressure ventilation con-
tributes to upper airway obstruction both in subjects
with neuromuscular disease [55–57] and in normal
individuals [58]. Both continuous positive airway
pressure and tracheostomy reduce sleep-disordered
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breathing and improve sleep architecture in subjects
receiving negative-pressure ventilation [56]. While
negative-pressure ventilation resembles the normal
physiological thoracic and diaphragmatic inspiratory
process more closely than positive-pressure ventila-
tion, phasic inspiratory activity in the pharyngeal
muscles supporting the upper airway is not stimu-
lated, leading to frequent obstructive events and
arousals.

Positive-pressure ventilation

In uncontrolled studies, positive-pressure ventila-
tion improves nocturnal saturation, sleep-disordered
breathing, sleep efficiency, and sleep architecture in
neuromuscular disease [59, 60]. The upper airway is
supported, preventing obstructive apnoeas or hypop-
noeas, and leading to a greater improvement in both
oxygenation [55, 57] and sleep architecture than seen
with negative-pressure ventilation [55]. Daytime arte-
rial blood gases improve with long-term nocturnal
ventilation [59–62], and are associated with an
increased ventilatory response to carbon dioxide [60].

No randomized-controlled trials of NIV initiated
for hypercapnic respiratory failure have been per-
formed in stable or slowly progressive neuromuscular
disease, however NIV appears to improve survival
compared to historical controls [21]. In DMD
specifically, NIV is associated with longer survival in
subjects with symptomatic daytime hypercapnia when
compared to those who declined NIV [63] or historical
controls [22]. Surprisingly, one randomized-controlled
trial comparing earlier intervention (VC 20–50%
predicted, normal daytime PCO2) with no NIV was
associated with higher mortality in the treated
group. The excess mortality was due to deaths from
respiratory infections and retention of secretions.
Although there was no difference in the frequency
of respiratory infections in the two groups, fewer
patients in the NIV group were treated with invasive
ventilation (9 versus 26%), and most deaths occurred
in subjects managed at home. The authors concluded
that NIV did not increase the risk of respiratory
infections, but false security may subsequently have
led to suboptimal medical management [64]. In
contrast, successful treatment with NIV has been
described in symptomatic patients with normal day-
time carbon dioxide tension in arterial blood suffering
from various neuromuscular conditions including
muscular dystrophy [65].

In more rapidly progressive conditions such as
ALS, NIV also appears to prolong survival [23, 24]
and improve quality of life [25] although, at present,
no randomized-controlled trials have been reported
and the optimal timing of intervention is unclear.
Although randomized-controlled trials data are
lacking, in light of evidence of improvements in
symptoms, daytime hypercapnia, nocturnal desatura-
tion and 1-yr mortality, NIV is recommended in
neuromuscular disease [66]. Recent consensus guide-
lines suggest that it should be initiated for symptoms
with either daytime hypercapnia or nocturnal desa-
turation (arterial oxygen saturation f88% for 5 min).

In progressive neuromuscular disease NIV is also
recommended if symptoms are present with PI,max

v60 cmH2O or VC v50% pred [67]. In the authors
experience the emphasis on symptoms is particularly
important and, at least in ALS, earlier intervention
in the presence of orthopnoea with sleep-related
symptoms and PI,max v60% pred even before deve-
lopment of daytime hypercapnia is associated with
improved symptoms and quality of life [45].

Conclusions and practical considerations

Sleep-disordered breathing, sleep disruption and
nocturnal desaturation are common in neuromuscular
disease associated with respiratory muscle weakness.
With severe weakness, diurnal respiratory failure
often ensues. Symptoms related to sleep disruption
and hypercapnia are a major cause of morbidity.
Noninvasive positive-pressure ventilation improves
sleep-disordered breathing, sleep architecture and
more importantly, symptoms, quality of life and
survival in slowly or nonprogressive neuromuscular
disease, and probably also in more rapidly progressive
diseases, such as ALS. The optimal time to initiate
treatment and the roles of polysomnography or
nocturnal oximetry in assessing patients have yet to
be clearly defined.

Screening sleep studies have been recommended in
patients with neuromuscular disease, often guided by
serial daytime respiratory function tests (typically
spirometry plus/minus blood gases) [9, 10, 39, 40].
However in comparison to daytime lung function,
nocturnal measurements, including oxygen saturation,
are surprisingly weak predictors of survival [4, 44].
In amyotrophic lateral sclerosis orthopnoea (due
to respiratory muscle weakness) is a more sensitive
predictor of benefit from noninvasive ventilation than
either nocturnal desaturation or daytime hypercapnia
and the apnoea/hypopnoea index is unhelpful [45].
The studies available cast doubt on the need for
routine polysomnography or nocturnal oximetry in
assessing such patients for noninvasive ventilation,
although polysomnography may identify the occa-
sional patient with coexistent obstructive sleep
apnoea. There is a need for further studies evaluating
the optimal criteria for and timing of initiating
noninvasive ventilation in patients with neuromus-
cular disease. Currently there is no evidence that sleep
studies improve the selection of subjects for non-
invasive ventilation over and above evaluation of
symptoms and daytime respiratory function.
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