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Motor Neurone Disease (MND) is a neurodegenerative 
disease characterised by axonal loss and gliosis of upper 
and lower motor neurones in the motor cortex, lower 
brainstem nuclei and ventral horn of the spinal cord. MND 
is currently incurable and has a poor prognosis, with death 
typically occurring 3 to 5 years after disease onset (1,2). It 
is a relatively uncommon disease estimated to affect 4.7 per 
100,000 people (3) although is one of the most common 
adult neurodegenerative diseases (4). MND is characterised 
by rapidly progressive weakness leading to paralysis, 
fasciculations, bulbar symptoms (including dysarthria and 
dysphagia) and respiratory compromise.

Respiratory complications arise as a result of weakness 

of upper airway (pharyngeal and laryngeal) muscles and 
respiratory muscles (diaphragm, intercostal and accessory 
muscles) leading to respiratory failure. Acute respiratory 
failure, often precipitated by infective or aspiration 
pneumonia or impacted secretions, is the leading cause 
of death in patients with MND (5,6). Management of 
respiratory failure with non-invasive ventilation (NIV) 
improves both quality of life and survival (4,7).

Sleep disordered breathing (SDB) is an umbrella term 
which includes various separate disorders in which abnormal 
respiratory events occur during sleep, which are associated 
with adverse clinical outcomes. Due to early involvement 
of respiratory muscles in MND, SDB occurs at a higher 
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frequency than compared to the general population (8). It 
significantly impacts upon patients’ quality of life (9) and 
survival (4) and its presence may predict prognosis. SDB 
usually precedes daytime respiratory symptoms and chronic 
respiratory failure (10). Managing SDB in MND with NIV 
improves quality of life and survival. Early identification 
and management of SDB in patients with MND is therefore 
crucial (11). 

Due to the rapid disease progression that occurs amongst 
patients with this uncommon condition, large studies 
investigating SDB in patients with MND are difficult. 
This update will review investigation of respiratory muscle 
weakness in MND, physiological changes that occur during 
sleep in healthy subjects and how this differs in MND, types 
of SDB that MND patients experience and considerations 
on why they occur, and the effects of NIV on SDB  
in MND.

Respiratory muscle involvement in MND

Respiratory muscle weakness, particularly diaphragm 
weakness and ultimately paralysis, is common in MND 
and directly contributes to the development of SDB 
and respiratory failure (12). Diaphragm dysfunction is 
also associated with reduced survival in MND, with one 
cohort demonstrating a reduction in median survival of 
402 days (median survival of 217 days for MND patients 
with evidence of diaphragm dysfunction compared to  
619 days for those with no evidence of diaphragm 
dysfunction) (12). Inspiratory intercostal muscle weakness 
contributes to dyspnoea and nocturnal hypoventilation 
and weakness of expiratory muscles, in combination with 
swallowing difficulties, leads to ineffectual cough and 
impaired secretion clearance, thereby increasing risk of 
aspiration (13). Tests of respiratory muscle function should 
be performed regularly in MND patients to facilitate 
early identification and management of SDB and chronic 
respiratory failure (11).

Clinical examination may reveal paradoxical inward 
abdominal movement during inspiration (14), “respiratory 
pulse” during inspiration [where there is visible contraction 
of scalene muscles (15)] and/or rapid, shallow breathing. 
This breathing pattern reduces inspiratory time and trans-
diaphragmatic pressure which limits alveolar ventilation, 
thereby contributing to the development of chronic 
respiratory failure (16).

A variety of tests can be performed to assess respiratory 
muscle function. Vital capacity (VC) tested in the sitting 

and supine positions, which can fall by up to 19% in 
healthy subjects (17), can fall precipitously in MND. A 
fall more than 30% is pathognomonic for diaphragmatic  
paralysis (18). Recent evidence demonstrates that, although 
VC falls throughout the disease course of MND, the cut-
off at which it is predictive of a poor prognosis beyond 
3 months from baseline assessment still falls within the 
normal range (>80% predicted). Its clinical utility as a risk 
stratification tool is therefore limited (19).

Measurement of maximal inspiratory pressure (MIP) is 
a useful non-invasive measurement of global inspiratory 
muscle strength and is closely related to diaphragmatic 
strength. Recent studies have demonstrated that higher 
MIP values are associated with increased survival in patients 
with neuromuscular disease (13) and are highly sensitive for 
predicting 36-month ventilation-free and absolute survival 
in MND patients (19,20). Measurements may be technically 
difficult to obtain and produce unreliable recordings in 
patients with advanced disease or bulbar involvement due to 
difficulty forming a tight seal around the mouthpiece, upper 
airways collapse and dyspraxia of respiratory and upper 
airways muscles (21). Sniff nasal inspiratory pressure (SNIP) 
in evaluating inspiratory muscle strength in MND has been 
shown to be a valuable biomarker of respiratory muscle 
strength (19). It is performed reliably, even in advanced and 
bulbar disease, and may be easier to perform than VC since 
measurements do not require the use of a mouthpiece (22). 
In MND patients, SNIP is sensitive to early deterioration in 
respiratory muscle weakness (22), there is a linear correlation 
between SNIP and nocturnal desaturation (7), lower values 
are associated with hypercapnia in MND (21) and, when 
compared to Forced VC (FVC), SNIP is a better predictor 
of mortality or need for tracheostomy in 1 year (23). It has 
recently been demonstrated to be a highly sensitive and 
specific biomarker of respiratory muscle strength in MND 
and is predictive of 36-month ventilation-free and absolute 
survival (19). 

Hemi-diaphragm weakness may be identified using 
radiological methods such as fluoroscopic sniff testing 
and thoracic ultrasonography. These investigations may 
reveal raised hemi-diaphragms and paradoxical upward 
movement of the diaphragm during inspiration. However, 
these methods cannot determine severity of the weakness 
and are limited if there is no normal hemi-diaphragm to  
compare to (24). 

Although of limited use in routine clinical practice, 
the most accurate assessment of diaphragm function is 
diaphragm electromyography (EMG) and measurement 
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of voluntary and twitch (following magnetic or electrical 
stimulation) trans-diaphragmatic pressures (Tw Pdi). Tw Pdi 
can be considered the gold standard for predicting mortality 
and NIV since it is independent of patient motivation and 
investigator skills (19). Diaphragm EMG responses to 
cervical or cortical magnetic stimulation and phrenic nerve 
conduction studies can also be used (12,25). 

In summary, tests of respiratory muscle function permit 
early identification of respiratory muscle weakness, which is 
associated with SDB and respiratory failure, and may predict 
survival. Early recognition and initiation of treatment with 
NIV improves quality of life and survival in MND patients. 
Regular objective assessment of respiratory muscle function 
should therefore accompany clinical assessment.

Changes that occur during sleep in healthy 
subjects and in MND 

The normal physiology of sleep offers a stress to the load-
capacity-drive relationship of the respiratory system which 
can be accentuated in neuromuscular disease. In the healthy 
population during sleep, tidal volume and respiratory rate 
decrease (26) and activity of pharyngeal dilator muscles 
reduce (27). During the rapid eye movement (REM) 
stage of sleep, there is almost complete loss of tone of the 
intercostal muscles, however, the activity of the diaphragm 
is relatively preserved (28). The diaphragm is thus crucial 
in maintaining ventilation during sleep, particularly during 
periods of REM. During both non-REM and REM sleep, 
chemosensitivity is altered resulting in impaired ventilator 
responses to hypercapnia and hypoxia (29). These changes 
are more profound during REM sleep, falling to less 
than one third of the sensitivity at wakefulness (30). As 
a result of these changes in muscle activity during sleep, 
there is a mean maximal increase in PaCO2 by 6 mmHg in 
healthy subjects (31). These normal physiological changes 
contribute to SDB in MND.

In MND, loss of motor neurones leads to diaphragmatic, 
intercostal, accessory and upper airway dilator muscle 
weakness. These features adversely impact upon respiratory 
function. Respiratory dysfunction during sleep precedes 
daytime features of chronic respiratory failure since 
ventilation is more vulnerable in the sleeping state (32). 

SDB in MND

SDB (SDB) has been reported in 17–76% of patients with 
MND (33). Respiratory muscle weakness, particularly 

diaphragm weakness, is the predominant mechanism for 
SDB in MND. SDB occurs early in the course of MND 
and precedes daytime symptoms and chronic respiratory  
failure (10). At the time of diagnosis of SDB, MND patients 
often have normal respiratory muscle strength (7,9,34), 
however, the severity of SDB is usually not significant 
until there is phrenic nerve involvement with diaphragm  
paralysis (8,12). 

Clinical features

The daytime symptoms of SDB that patients experience 
are those relating to nocturnal hypoventilation and sleep 
fragmentation. MND patients commonly report difficulty 
initiating and maintaining sleep, dyspnoea and orthopnoea 
and experience unrefreshing sleep, daytime somnolence 
and fatigue, difficulty concentrating, poor memory and 
morning headaches (8,33). SDB is also associated with 
significantly reduced quality of life scores amongst MND 
patients (4). However, symptom load can be variable. 
A study from Arnulf and colleagues identified that the 
Epworth Sleepiness Scale was normal in the entire cohort 
of 24 MND patients and the scores were similar between 
the group with evidence of diaphragm dysfunction and the 
group without (12). 

Altered sleep architecture

Patients with MND demonstrate altered sleep architecture 
on overnight polysomnography (PSG). When compared 
with healthy controls, MND patients have reduced total 
sleep time and reduced sleep efficiency, increased time 
spent awake after sleep onset, increased duration of stage 
1 sleep and more frequent arousals and stage changes per 
hour (8,35). Amongst MND patients, those with evidence 
of diaphragm dysfunction have a higher frequency of 
awakening and a significant reduction in duration of REM 
sleep, with some patients having minimal or no REM sleep 
observed (12,36). Survival is shorter with shorter duration 
of REM sleep (12). Absence of REM sleep is uncommon 
and not usually seen in other neuromuscular diseases. It may 
occur in MND a result of involvement of both upper and 
lower motor neurones (12) and as a potentially protective 
mechanism against nocturnal hypoventilation.

Preservation of respiratory muscle tone during REM sleep

Studies have demonstrated that, amongst MND patients 
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with reduced REM sleep undergoing overnight PSG, there 
is preservation of phasic inspiratory sternocleidomastoid 
and genioglossus tone during REM sleep, with no such 
preservation of tone in non-respiratory muscles such as 
tibialis anterior and levator menti (12,37). It has been 
postulated that MND patients die from respiratory failure 
when disease progression results in the inability to maintain 
tone of accessory muscles of respiration during REM  
sleep (12).

Sleep studies of patients with diaphragm dysfunction, not 
specifically caused by MND, also demonstrate activation 
of accessory muscles of respiration throughout all stages 
of REM sleep (38,39). Amongst these patients, neural 
respiratory drive to the diaphragm, measured using trans-
oesophageal electromyography, is significantly increased 
during non-REM and REM sleep compared to healthy 
controls, in whom neural respiratory drive remains the 
same throughout all sleep stages (39). This raised neural 
respiratory drive to the diaphragm is considered to be 
a compensatory mechanism to preserve REM sleep and 
protect against nocturnal hypoventilation and obstructive 
sleep apnoea (OSA) during REM sleep in patients with 
diaphragm dysfunction (38,39). These finding may apply 
to patients with MND who have evidence of diaphragm 
dysfunction.

Nocturnal hypoventilation

Nocturnal hypoventilation is frequently reported in 
sleep studies of MND patients (8,40,41) and is likely a 
consequence of diaphragm, intercostal and accessory neck 
muscle weakness which is exacerbated in REM sleep (8,20). 
Overnight PSG performed on MND patients commonly 
highlights periods of non-obstructive hypopnoeas and 
central apnoeas which cause hypoventilation (8,42). 
Nocturnal hypercapnia has been shown to occur in 60% of 
one cohort of MND patients undergoing sleep studies. In 
39.3% of patients in this cohort, the transcutaneous carbon 
dioxide tension (tcCO2) rose by more than 10 mmHg above 
baseline. Hypercapnia was observed to be more prominent 
or occur exclusively during REM sleep (35) (Figure 1). 
The apnoea-hypopnoea index (AHI) in MND patients 
is higher compared to healthy controls (8,42,43) and is 
significantly higher during REM sleep with associated 
significant falls in arterial oxygen saturation (8). The AHI 
has been shown to decrease with disease duration. Patients 
with a diagnosis of MND for less than 1 year have been 
shown to have a mean AHI of 23.4±14.6 events/hour (mean 

± standard deviation), falling to 18.1±13.9 events/hour in 
those diagnosed with MND for 1–2 years, falling further to  
15.8±15.2 events/hour in those diagnosed with MND for 
more than 2 years (43). 

OSA

OSA is reported variably in patients with MND. It 
is reasonable to hypothesise that MND patients with 
bulbar muscle weakness are predisposed to OSA during 
REM sleep due to reduced tone of upper airway dilator 
muscles, however, this is not consistently observed. Several 
studies describe sleep apnoea as the most common form 
of SDB amongst their cohort of MND patients (20,35), 
with obstructive or mixed central/obstructive apnoeas 
being the predominant forms (10,20,35). In these studies, 
although obstructive apnoeas were not associated with 
nocturnal hypoventilation (20,44) a higher obstructive 
AHI was associated with shorter time to death or  
tracheostomy (44). In contrast, OSA in other MND cohorts 
is reported as rare in both non-REM and REM sleep, 
with other forms of SDB being common and significant 
(8,12,42,43). These discrepancies are likely to relate to the 
timing of the sleep study in the course of the disease as well 
as differing distribution of weakness.

There is also variation in the reported significance of 
bulbar dysfunction in the aetiology of OSA in MND. 
Several studies report no association between bulbar 
weakness and SDB (8,20) while others observe that MND 
patients who do experience OSA often have evidence 
of bulbar dysfunction (10,42,43). It can be postulated 
that bulbar dysfunction may cause partial upper airways 
obstruction and that global muscle weakness limits 
patients’ ability to change sleeping position so they 
sleep predominantly supine, both of which may induce 
apnoeas (10). However, with worsening respiratory muscle 
weakness, the diaphragm may be increasingly unable to 
generate sufficient negative intrathoracic pressure to fully 
occlude the upper airways (8,12). Stiffening of upper airway 
muscles secondary to spasticity and increased stability of 
the upper airways due to significant weight loss may also be 
contributing factors as to why OSA may not be observed in 
some patients (12).

SDB in MND patients with preserved respiratory muscle 
function

Mild SDB has been demonstrated in MND patients with 
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preserved respiratory muscle function [confirmed on FVC, 
VC, maximum inspiratory pressure (MIP) and maximum 
expiratory pressure (MEP) measurements] and with 
normal daytime ventilation on arterial blood gas, normal 
neurophysiology of respiratory muscles (demonstrated 
on phrenic nerve stimulation and needle EMG of the 
diaphragm) who do not use depressant or sedative drugs. 
The most common SDB identified was short cyclical 
clustering of mild hypoxaemia. There was no association 
with sleep stage, but these periods were associated 
with arousals and micro-arousals. Despite their normal 
respiratory muscle function, REM sleep was absent in over 
one third of this cohort (34).

In summary, patients with MND may experience 
various types of SDB. Patients have grossly altered sleep 
architecture compared to healthy patients, with reduced 
total sleep time, highly fragmented sleep and reduced or 
absent REM sleep stages. Nocturnal hypoventilation and 
obstructive sleep apnoeas are the most frequently observed 
forms of SDB amongst MND patients undergoing sleep 
studies. SDB occurs early in the course of MND and is 
predominantly caused by diaphragm weakness, although can 
occur in patients with normal respiratory muscle function. 
A multitude of other factors, including muscle cramps, 

difficulty becoming comfortable or turning in bed, nocturia, 
anxiety and depression, high secretion burden, choking and 
pain may also contribute to sleep disruption (8,34,45).

Effect of NIV on SDB

Commencing patients with MND on NIV should be 
considered when patients experience symptoms and signs 
of respiratory failure (including orthopnoea, dyspnoea, 
hypoxaemia, morning headaches, daytime somnolence, 
fatigue, accessory muscle use and paradoxical breathing) 
and daytime hypercapnia (5), or when there is evidence of 
respiratory muscle weakness (FVC <50% predicted, MIP 
<60 cmH2O, SNIP <40 cmH2O) (24). NIV initiation in 
the absence of respiratory symptoms is less well defined 
however should be considered in patients with evidence 
of SDB since this is widely considered to herald chronic 
respiratory failure which can be rapid in its onset and 
usually predicts poor prognosis.

NIV has been shown to improve quality of life for 
patients with MND. In a randomised controlled trial, 
Bourke and colleagues randomised MND patients with 
orthopnoea, MIP <60% predicted or symptomatic daytime 
hypercapnia to NIV or standard care. NIV was associated 

Figure 1 This is typical trace of an overnight oximetry recording of a patient with MND and sleep-disordered breathing. This MND 
patient hypo-ventilates during presumed non-REM sleep and further hypo-ventilates during presumed REM sleep (red arrow: awake; light 
blue arrow: non-REM sleep; dark blue arrow: REM sleep). MND, motor neurone disease; REM, rapid eye movement; NREM, non-REM.
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with sustained improvements in quality of life, with the 
greatest improvements observed in the domains relating 
to sleep problems, despite an observed reduction in REM 
sleep (4). This supports the findings of smaller prospective 
studies which have demonstrated sustained improvements 
in patient-reported outcomes amongst MND patients, 
including sleep quality, duration and efficiency, reduced 
sleep disturbance and improved and daytime somnolence, 
following initiation of NIV (42,46,47).

NIV also improves survival amongst patients with MND. 
Bourke and colleagues observed that median survival was 
significantly longer in the NIV group (219 days) compared 
to those receiving standard care (171 days). NIV conferred 
the greatest benefits in both sustained improvements in 
quality of life and survival in those with normal or moderate 
bulbar dysfunction and in those reporting orthopnoea. 
Those with severe bulbar impairment used NIV for shorter 
than those with better bulbar function (3.8 vs. 9.3 hours/day 
respectively) and had no survival benefit with NIV, but did 
have improved quality of life indicators and sleep related 
symptoms (4). This is in accordance with other studies that 
have demonstrated that NIV is less well tolerated in patients 
with bulbar involvement (46,48,49), but may increase 
duration of REM sleep and improve nocturnal oxygen 
saturations (50).

The effects of NIV on sleep architecture are reported 
variably. In Bourke and colleagues’ randomised controlled 
trial of MND patients, no differences were observed in 
sleep architecture, AHI or oximetry results between the 
NIV and control groups (4). However, in an observational 
cohort study examining MND patients before and  
1 month after initiation of NIV, patients with no significant 
bulbar involvement demonstrated improvements in sleep 
efficiency, duration of N3 stage and REM sleep, arousal-
awakening index, oxygenation and transcutaneous carbon 
dioxide following NIV titration (50).

Conclusions

MND is a progressive neuromuscular disease caused by loss 
of upper and lower motor neurones, with affected patients 
usually dying from respiratory failure. SDB arises in MND 
largely as a result of respiratory muscle weakness and 
commonly precedes chronic respiratory failure. Patients 
may experience altered sleep architecture, particularly 
reduced or absent REM sleep, restless legs, periodic limb 
movements, nocturnal hypoventilation and/or obstructive 
sleep apnoea. More research is needed to evaluate types of 

SDB with disease progression. SDB and respiratory failure 
in MND are managed with NIV. Tests of respiratory muscle 
function should be undertaken frequently in MND patients 
to facilitate early intervention with NIV, which improves 
patients’ quality of life and prolongs survival. More research 
is needed to investigate timing of NIV initiation.
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