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EXECUTIVE SUMMARY 
 
 

With the aim of reducing variation in the assessment, management and on-going care of adult patients 
requiring domiciliary non-invasive ventilation (NIV) in NSW, a group of expert clinicians directly 
responsible for the provision of home NIV services was empanelled under the auspice of the 
Respiratory Network of the Agency for Clinical Innovation (ACI). The Domiciliary NIV Working Group’s 
principle task was to develop best practice guidelines for home NIV based, where possible, on 
evidence.  

This consensus statement reviews the literature in the area of NIV and provides general and disease- 
specific recommendations for domiciliary NIV in adults.  

The recommendations are designed to: 

• Standardise criteria for how to assess / screen for the need to commence NIV 

• Provide indications for NIV which reflect the best evidence from the literature and expert opinion 

• Identify best practice recommendations for implementing NIV and ancillary care measures 

• Describe best practice management for initial review and ongoing follow up of patients once 
commenced on NIV 

The summary of the main recommendations are listed below in three sections. Section A includes 
general recommendations for NIV commencement, monitoring and equipment requirements. Section B 
expands the generic section with disorder specific recommendations. Section C provides further 
recommendations to assist with the overall management of patients on domiciliary ventilation.  

An explanation of the grading recommendations used in this document may be found in the 
Introduction section.  

Full lists of specific recommendations are located at the end of each chapter. 
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SECTION A: GENERAL RECOMMENDATIONS 
 

NEED FOR ASSESSMENT Grade 

Hypoxia, hypercapnia, or an elevation in serum bicarbonate indicate the need for additional respiratory 
assessments and interventions. D 

Subjects with progressive respiratory muscle weakness and other restrictive thoracic disorders should be 
observed regularly with lung function (VC, MIP, MEP, SNP and PCF) and oximetry. An arterial blood gas should 
be performed especially if VC < 40% predicted or MIP < 60 cmH2O.  

C 

Polysomnography should be performed where there is a history suggestive of sleep disordered breathing or where 
FVC <40% predicted, base excess > +4mmols/L on arterial blood gases or erect to supine fall in VC of ≥ 25%. 

C 

Consideration for polysomnography also includes symptoms of impaired sleep quality (such as daytime 
somnolence, waking headache or grogginess, fatigue, impaired cognition, impaired short-term memory, irritability, 
anxiety and depression) or symptoms of sleep-disordered breathing (such as frequent awakening, snoring, 
choking, gasping, waking dry mouth, waking dyspnoea or witnessed apnoeas). 

D 

Where there is no overt sign of respiratory compromise, serial VC, respiratory muscle testing, PCF and oximetry 
should be performed to track baseline pulmonary function in suspected individuals.  

D 

 

INDICATIONS Grade 

Generally NIV should be commenced when there is evidence of: 
• Daytime hypercapnia, PaCO2 ≥45mmHg  
 and / or 
• Evidence of nocturnal hypoventilation (in order of recommendation), such as 

i. A rise in PaCO2 of ≥ 8mmHg between evening and morning ABGs or other accurate CO2 surrogate 
ii. An acute peak rise of ≥ 8mmHg in TcCO2 or ETCO2 
iii. A rise in TcCO2 or ETCO2 > 50mmHg for more than 50% of total sleep time 
iv. Whilst not ideal - when a measure of CO2 is not available - nocturnal oximetry demonstrates sustained 

oxygen desaturation ≤ 88% for 5 consecutive minutes or SpO2 <90% for >10% of total sleep time 
 or 
• Symptoms of significant sleep disordered breathing associated with nocturnal obstructive or hypopneoic 

events 
 and / or 
• Otherwise unexplained potential co-morbidity of sleep disorders, such as refractory hypertension, pulmonary 

hypertension, right heart failure, polycythaemia, cardiovascular disease or stroke. 

C 

The institution of NIV is recommended in patients with rapidly progressive respiratory muscle weakness 
associated with orthopnoea, hypercapnia or symptomatic sleep hypoventilation (sleep fragmentation/ daytime 
hypersomnolence/ morning headaches and cognitive dysfunction). 

B 

 

NOCTURNAL MONITORING IN THE DIAGNOSIS AND MANAGEMENT OF SLEEP 
HYPOVENTILATION SYNDROMES 

Grade 

The minimum requirement for identifying sleep hypoventilation is overnight monitoring of oxygen saturation and, 
where possible, non-invasive carbon dioxide along with evening to morning arterial blood gases. B 

When daytime indicators for NIV have already been met, a full diagnostic PSG measuring sleep quality is not an 
essential element in determining the need for NIV. D 

Periodic nocturnal studies to identify unexpected problems or correct identified ones is indicated, with the 
frequency influenced by current response to therapy and the nature of the patient’s underlying disorder. D 
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TITRATION Grade 

Titration for long term NIV settings should occur when the patient is chronically stable (pH>7.35) and free from 
exacerbation. 

D 

Adequate IPAP-EPAP difference is required to ameliorate hypoventilation. A 

Bi-level ventilation should be commenced in the spontaneous mode, unless there is specific evidence that the 
patient is unable to trigger the machine once baseline leak and settings have been optimised. 

D 

Complete correction of sleep disordered breathing during the initial titration night is not necessary for improvement 
of daytime blood gases and symptoms to occur. B 

Spontaneous-timed mode flow generator, or a ventilator, to be provided if Spontaneous mode device does not 
allow correction of sustained hypercapnia in the presence of central apnoea or persisting hypoventilation. 

D 

Ventilators using flow triggering or volume-cycled mandatory ventilation may be required for patients experiencing 
difficulty in triggering inspiration. 

D 

 

PATIENT / CARER EDUCATION, TRAINING AND ACCLIMATISATION Grade 

Minimum skills and level of knowledge need to be acquired by patients and / or their carers during the process of 
acclimatisation to NIV. D 

Acclimatisation and education for domiciliary NIV should occur at institutions where there is a sufficient through-
put of patients requiring long term NIV. D 

The patient and/or carer are aware who to contact for medical and technical difficulties. D 
 

REVIEW Grade 

Patients can be reviewed at 6 to 8 weeks following the commencement of NIV to determine the clinical response 
to therapy. After initiation of NIV, clinical review should occur within the first 2 to 3 months to assess symptoms, 
technical problems, ventilator settings, compliance and success.  

D 

Further clinical reviews should be performed by a Sleep Physician / Respiratory Physician or Respiratory Failure 
clinic every 6 to 12 months, again assessing symptoms, compliance, technical problems, lung function, oximetry 
and further investigations (including ABGs and overnight oximetry or PSG) as required. 

D 

At any time, when there are indications of unsatisfactory results like the recurrence of clinical symptoms or awake 
blood gases deteriorate despite clinical stability (e.g. absence of recent pulmonary infection) and adequate 
compliance, then inadequate ventilation must be suspected and objective evaluation during sleep must be 
undertaken. 

D 

 

OUTCOME Grade 

Outcome measures should include awake ABGs, nocturnal SpO2 and assessment of daytime sleepiness, 
breathlessness and health related quality of life.  C 

 

ENTRAINED OXYGEN Grade 

If mean oxygen saturations remain ≤ 88% for >30% total sleep time despite optimisation of ventilatory settings, 
supplemental oxygen should be added. 

D 

If supplemental oxygen is entrained through the bi-level machine at initial commencement, continuation of 
supplemental oxygen should be reviewed at the subsequent review.  

C 

 

COMPLIANCE Grade 

Usage throughout all sleep periods should be recommended. D 

Once established on therapy, regular monitoring of compliance data should be performed and compliance is 
deemed adequate at > 4 - 6 hours per night.  C 
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SAFETY Grade 

Simple bilevel devices are suitable for individuals requiring nocturnal and limited daytime ventilatory support only. 
However, more sophisticated volume or hybrid devices are indicated for patients requiring more than 18 hours/day 
or where bilevel devices have proven to be inadequate. 

D 

Ventilator dependent individuals should be titrated on and use ventilators which have been approved for life 
support and have an alternative battery source to mains power. They also should be supplied with an appropriate 
back-up ventilator. 

D 

Machines with “mask off” or “low pressure” and “power failure” alarms are recommended for ventilator dependent 
patients and in disorders where there is a potential inability to arouse from an interruption to ventilation or when 
there is an absence of ventilatory responses when awake. 

D 

 

SECTION B: DISORDER SPECIFIC RECOMMENDATIONS 
 
SLOWLY PROGRESSIVE NEUROMUSCULAR DISORDERS Grade 

All subjects with DMD should be referred for clinical assessment initially to a paediatric specialist unit for 
assessment and then care transferred to an adult centre when age >18 years. 

C 

Assessment as to the risk of development of progressive respiratory failure should be considered in all subjects 
with other progressive neuromuscular disorders. Referral to a specialist centre should occur if significant 
respiratory muscle weakness or sleep disordered breathing occurs. 

D 

Patients should have access to other specialist health providers, including medical specialists and allied health 
professionals, preferably in a well co-ordinated multidisciplinary team.  

D 

 

SPINAL CORD INJURY Grade 

NIV is indicated when there is intractable or refractory sputum retention, atelectasis, respiratory tract infection or 
type-I respiratory failure (PaO2 < 80 mmHg, SpO2 <95%). 

D 

NIV is indicated when there is intolerance of CPAP for treatment of OSA, especially in cases of SCI at C6 or 
above. 

D 

Use of an abdominal binder may be considered as the initial intervention in cases of mild hypoventilation, or as an 
adjunct to the use of NIV. 

C 

The implementation of NIV should occur in a specialised centre where there is access to a spinal unit, accredited 
pulmonary function and sleep laboratory, physician experienced in the use of NIV, NIV service and physiotherapy 
service trained in secretion removal in patients with spinal cord injury. 

D 

 

 
RAPIDLY PROGRESSIVE NEUROMUSCULAR DISEASE Grade 

Patients with MND are recommended to have 3 monthly clinical evaluation to monitor for symptoms and signs of 
respiratory and sleep complications. 

D 

Sniff nasal inspiratory pressure and overnight oximetry are the initial investigations of choice for the assessment of 
early respiratory muscle compromise and nocturnal hypoventilation. 

D 

A diagnostic polysomnogram should be reserved for patients in whom co-existent upper airway obstruction is 
suspected on clinical grounds with inconclusive nocturnal oximetry. 

D 

While MND patients with significant bulbar dysfunction should still have the option to trial NIV, it should be 
recognised that this group of patients may have reduced tolerance to and derive less benefit from NIV. 

B 

The progression to tracheostomy intermittent positive pressure ventilation (TIPPV) should be made on an 
individual basis, weighing the longer survival advantage with a significantly greater burden of care and cost to the 
patient, carer and/or community and recognising that HRQoL improvements associated with the use of NIV may 
not be seen with TIPPV to an equivalent degree. 

D 
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RAPIDLY PROGRESSIVE NEUROMUSCULAR DISEASE Grade 

The elective commencement of NIV is preferred over non-elective TIPPV despite the improved survival 
advantage. 

D 

Patients with MND should be managed in a multidisciplinary clinic as this improves survival and HRQoL, and 
facilitates earlier uptake of interventions including NIV and PEG insertion. 

D 

An advanced care directive should be sought from ALL patients. D 
 

CHEST WALL DISORDERS  Grade 

NIV in patients with respiratory insufficiency from chest wall disease provides greater physiological and 
symptomatic relief over oxygen alone. NIV should be trialled in all patients with chest wall disorders with evidence 
of nocturnal hypoventilation. 

C 

Both pressure and volume preset ventilation is likely to be equally effective in chest wall disease, but there is a 
subset of patients which may demonstrate the need for volume ventilation if adequately titrated pressure-preset 
fails to significantly improve diurnal hypercapnia. 

C 

 

OBESITY HYPOVENTILATION SYNDROME Grade 

Simple spirometry, SpO2 and serum bicarbonate should be performed in all patients referred for SDB assessment 
when BMI is greater than 35kg/m2. C 

Arterial blood gases should be obtained in those individuals where SpO2 is ≤ 92% or where the serum 
bicarbonate is >27mmol/L to confirm the presence and severity of hypoventilation. C 

Thyroid function should also be assessed and any airflow limitation treated appropriately. D 

Positive airway pressure is first line therapy in patients with OHS, although adjunctive oxygen therapy is likely to 
be required, at least initially, for a significant number of patients. C 

Autotitrating and home studies are not appropriate for this patient group.  D 

A full PSG should be performed during manual titration in order to identify the nature of the sleep disordered 
breathing and response to CPAP pressure. B 

Many individuals will respond to initial intervention with CPAP. Titration should commence in CPAP mode to 
document the patient’s response to abolition of upper airway obstruction alone. A 

Indications for NIV in OHS include an awake PaCO2 >45mmHg and failure of CPAP therapy as evidence by either 
sustained oxygen desaturation during sleep or an increase in nocturnal daytime or nocturnal CO2 >8mmHg.  D 

Individuals initially using bilevel support should be reviewed again after 3 months on therapy and CPAP retried, 
since a significant number may be switched to CPAP without clinical deterioration. B 

In patients placed on CPAP in whom awake PaCO2 at baseline was 45-55mmHg, a clinical review at one month 
with repeat blood gases should be performed.  D 

Bilevel support should be used as initial therapy in patients presenting with acute decompensated respiratory 
failure. After 3 months, a CPAP titration should be undertaken to determine long term therapy.  D 

All patients should be advised on appropriate dietary and lifestyle changes to promote weight loss and referred to 
appropriate programs where possible. D 

The need for and type of nocturnal PAP therapy should be reassessed if significant weight loss occurs.  D 
 

CHRONIC OBSTRUCTIVE PULMONARY DISEASE  Grade 

Nocturnal NIV is indicated in COPD with PaCO2 > 50 mmHg, where there is evidence of signs and symptoms of 
sleep disordered breathing, and full PSG demonstrates nocturnal hypoventilation (based on a measure of PaCO2) 
that is not corrected or made worse by LTOT alone.  

D 

Recurrent hospitalisations (2 or more in a year) for acute hypercapnic respiratory failure (especially life threatening 
events) or difficulty weaning from invasive ventilation are an indicator for assessment for domiciliary NIV. 

C 
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Changes in awake blood gases are not the best measure of effectiveness of NIV in chronic hypercapnic COPD. 
Changes in symptoms including exertional dyspnoea, control of nocturnal hypoventilation, reduction in hospital 
admissions and HRQoL (SF-36) are better indicators of the patient’s response to therapy. 

C 

 

CYSTIC FIBROSIS Grade 

Individuals with awake SpO2<94% or spirometry (FEV1<65% predicted) are at risk of nocturnal oxygen 
desaturation. Overnight oximetry should be undertaken in individuals meeting these criteria. C 

Non-invasive ventilation is indicated if daytime CO2>45mmHg and nocturnal gas exchange shows SpO2<90% for 
>5% of TST and/or a rise in TcCO2 / ETCO2 from NREM to REM >5mmHg during room air breathing occurs. B 

Nocturnal NIV is more effective than oxygen therapy in controlling nocturnal hypoventilation in patients with 
hypercapnic CF lung disease. A 

Bilevel ventilation should be trialled initially. Volume ventilation may offer additional benefits in some individuals 
especially if work of breathing is high. B 

NIV does not appear to increase the incidence of pneumothorax, but this is a relatively common occurrence in this 
population. Therefore, patients need to be educated regarding the symptoms of pneumothorax and should seek 
immediate medical attention should these symptoms arise. 

D 

Changes in awake blood gases are not the best measure of the effectiveness of NIV in CF. Changes in 
symptoms, exertional dyspnoea and exercise tolerance, and control of nocturnal hypoventilation are better 
indicators of the patient’s response to therapy. 

B 

NIV may be used in patients unsuitable for transplant to relieve symptoms and improve sleep quality. However, 
alternative methods of symptom relief need to be introduced at the appropriate time. D 

 

HYPERCAPNIC CENTRAL SLEEP APNOEA Grade 

Awake PaCO2 > 45 mmHg in the absence of lung and chest wall abnormalities, skeletal malformations and 
neuromuscular disorders, in combination with symptoms consistent with sleep disordered breathing warrant a full 
polysomnogram. 

D 

In patients with isolated sleep hypoventilation, titrate NIV settings in a spontaneous-timed mode, during a full 
polysomnogram. 

D 

Where hypercapnic central apnoea is caused from pharmacological intake (e.g. opioid based derivatives), 
referrals to chronic pain team or relevant prescribing body should be made with the aim of reducing medication 
intake in order to improve central events and stabilise oxygen saturations. 

D 

Overall patient management should be performed by specialised teams. D 

Any signs of chest infection should be reviewed and managed promptly, especially in the case of CCHS where a 
lack of dyspnoea in response to pneumonia may mask severe respiratory compromise. 

D 

 

NON-HYPERCAPNIC CENTRAL SLEEP APNOEA  Grade 

In patients with CSA in HF, optimisation of HF treatment should be first-line therapy. D 

Prior to commencing treatment, patients should have full PSG demonstrating benefit from the chosen treatment. B 

If patients are unable to have full PSG then a period of inpatient acclimatisation/titration and overnight oximetry 
showing attenuation of apnoea-related hypoxia should be performed. 

D 

CPAP therapy should be trialled as a first line ventilatory assistance treatment, with or without oxygen, to 
attenuate CSA, improve nocturnal oxygenation, exercise capacity and LVEF. 

B 
 

The most appropriate means to judge the efficacy of CPAP on CSA would be a follow-up sleep study after a trial 
of 2 to 4 weeks on CPAP. 

B 

ASV should be considered in patients who have not had a resolution of CSA on CPAP and/or oxygen, or have 
been shown to have better compliance with this mode of therapy. However, it needs to be shown that ASV is able 
to better control CSA, either on overnight polysomnography or after a period of inpatient acclimatisation with 
nocturnal oximetry. 

B 
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NON-HYPERCAPNIC CENTRAL SLEEP APNOEA  Grade 

Patients with a persistence of CSA upon the application of CPAP after a period of time (“complex sleep apnoea”) 
may be considered for ASV if adjunctive oxygen can be shown to be ineffective. 

C 

In those with CSA in HF, at least 6 monthly echocardiogram and NYHA class score assessment should be 
performed to establish response to therapy. Once stable and a plateau is reached at least annual reviews may be 
undertaken, with interval tests when symptoms recur or worsen. 

C 

 

RESPIRATORY INSUFFICIENCY FOLLOWING CATASTROPHIC MEDICAL ILLNESS Grade 

A multidisciplinary approach to the assessment, management and discharge planning of patients with high level 
ventilation needs is central to effective and safe discharge. 

D 

The development of specialised ‘weaning units’ to facilitate the liberation of the patient from ventilatory support. D 

Ongoing management in an ICU area is not medically or socially appropriate for a patient requiring long term 
continuous ventilatory support. 

D 

Facilities for respite care should be available for ventilator dependent patients as well as for those patients 
requiring nocturnal ventilatory support only but with high level physical care needs. 

D 

 

 

SECTION C: OTHER – OVERALL MANAGEMENT OF PATIENTS  ON DOMICILIARY VENTILATION 
 
SECRETION MANAGEMENT IN NEUROMUSCULAR DISEASE Grade 

Ability to generate PCF of at least 160 L/min is necessary for non-invasive management of pulmonary secretions. 
Baseline assisted PCF <270 L/min are likely to decrease to <160 L/min during chest infections, increasing the 
likelihood of pneumonia and respiratory failure. Patients with a baseline PCF < 270 L/min should have access to 
equipment which can provide insufflation and a mechanical cough in-exsufflation. 

C 

Training of insufflation should commence when VC < 2L or 50% predicted. D 

As manual assisted coughing techniques (e.g. abdominal thrust) further enhance PCF, they should be 
incorporated with insufflation or mechanical in-exsufflation techniques, where possible. B 

For patients with VC < 1 to 1.5L, insufflations should precede manual assisted coughing techniques (e.g. 
abdominal thrusts). C 

In adults, mechanical in-exsufflation settings of +40 cmH2O and – 40 cmH2O appear to safely provide adequate 
PCF for the majority of patients with neuromuscular disease. B 

Mechanical in-exsufflation can be ineffective in patients with very poor bulbar dysfunction with insufflation capacity 
>1L, where dynamic airway collapse occurs. C 

Techniques of insufflation, manual assisted coughing and mechanical in-exsufflation require substantial 
acclimatisation and should be trained when the patient is well and ideally prior to an acute infective requirement. D 

Patients should receive regular vaccination against influenza and pneumococcus. D 

Early antibiotic treatment to reduce the risk of bacterial super-infection and recurrent infections should be 
investigated for the source of the pathogen. D 

Admission should be arranged if domiciliary insufflation and non-invasive secretion removal techniques are not 
able to reverse SpO2 < 95% in the presence of continual ventilator use, persisting dyspnoea, suspected 
dehydration, fever, lethargy or possibility of fatigue. This SpO2 value is based on the absence of ventilation-
perfusion mismatch and can be altered by the treating team accordingly. 

C 

 

NIV AND RELATED RESPIRATORY MANAGEMENT OF PATIENTS  
ON DOMICILIARY NIV UNDERGOING ANAESTHESIA OR SEDATION 

Grade 

Prior to undergoing anaesthesia or sedation, patients on domiciliary NIV should be assessed by a respiratory 
physician, anaesthetist and the patient’s NIV service. D 
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Ensure that patients with chronic respiratory failure on domiciliary NIV receive adequate ventilatory support both 
during and post sedative procedures or surgical anaesthesia. This is to minimise the risks of the patient potentially 
developing acute on chronic respiratory failure or other respiratory complications. 

C 

Procedures should be performed at a tertiary hospital where staff have experience in NIV for acute and chronic 
hypoventilation and that there is access high level monitoring or an ICU. D 

A specialised NIV team should be present during and after the procedure to assist with predicting problems that 
may arise in the peri and post operative period for patients who are usually treated with domiciliary ventilation 
secondary to respiratory insufficiency. 

D 

Routine administration of oxygen should be avoided.  D 
 

NOCTURNAL TO CONTINUOUS NIV USE  Grade 

While continuous NIV is a therapy option for ventilator dependent patients, such therapy needs to be set up and 
supervised by centres with expertise in nocturnal and continuous ventilatory support modes, cough assist 
techniques and tracheostomy care. 

D 

 

TRANSITION FROM PAEDIATRIC TO ADULT CARE Grade 

A Transition Programme needs to be implemented for young people on ventilation to ensure a smooth transition of 
care and equipment. D 

A Transition Case Manager should be appointed to ensure adequate standards are maintained during the 
transition. D 

 

PALLIATIVE CARE AND END-OF-LIFE ISSUES FOR PATIENTS ON DOMICILIARY NIV Grade 

Early and timely discussions involving clinicians, patients and their families to address present and future decision 
with regards to the use of NIV during the progression of their disease should be held. Focus should be placed on 
the role of NIV in symptom relief as their disease progresses. 

D 

To ensure adequate time for planning, patients should be referred to palliative care services before they reach the 
advanced stages of their disease.  D 

Encourage discussion and documentation of advanced directives: 
• resuscitation status 
• treatment end points for NIV (e.g. unacceptable quality of life or when unable to communicate by any 

means) 
• attitude towards intubation / tracheostomy ventilation 

D 

NIV can be used in the palliative care / end-of-life setting to: relieve dyspnoea and the sequelae of nocturnal 
hypoventilation; to allow patient alertness and communication; and to “buy time”. D 
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INTRODUCTION 
 
 

BACKGROUND 
Over the past two decades, non-invasive ventilation (NIV) has emerged as a feasible and effective 
method of managing hypercapnic respiratory failure. While the technique is now widely used in 
hospitalised patients with acute respiratory failure, it was originally introduced as a method of reversing 
hypercapnia in patients with chronic respiratory failure. Prior to the introduction of NIV in the mid 
1980’s, home ventilation was restricted to negative pressure devices used primarily in patients with 
poliomyelitis, and tracheostomy ventilation used for patients with severe respiratory muscle weakness 
or total paralysis. Both forms of ventilatory support were associated with significant practical difficulties, 
which meant that home ventilation was restricted to a small number of individuals usually with complex 
chronic health care needs. The simplicity, cost and acceptability of NIV has led to this approach being 
widely adopted by the respiratory community and accepted by patients to the extent that NIV is now 
considered first line therapy in the management of chronic respiratory failure. Importantly, it is now 
recognised clinically that ventilatory support during sleep is all that is required to achieve sustained 
daytime improvements for most patients.  

Despite this, current evidence about the therapeutic benefit of non-invasive ventilation is weak [1]. 
However, this is due to a lack of randomised trials in the area, rather than from a lack of clinical benefit. 
A recent systematic review was able to analyse data from only eight suitable (i.e. randomised) trials 
involving 144 patients using NIV [1]. In contrast, a European survey of home ventilation identified 
almost 22,000 users in 16 countries, 87% of whom used non-invasive ventilation [2]. Although the need 
for larger, randomised trials evaluating the longer term outcomes of NIV in chronic respiratory failure 
have been voiced [1], the clinical benefits of therapy are so well established that withholding therapy 
from many patient groups would now be considered unethical [3-5]. However, the data that is available 
is directionally consistent, suggesting NIV is acceptable to patients on a long-term basis and can 
alleviate symptoms related to chronic hypoventilation, improving survival and quality of life.  

Resources for health care are finite. Therefore, it is important to identify those individuals that will gain 
benefit from therapy, and establish a management plan to maximise clinical outcomes from therapy. 
Data from overseas has shown an increase in the number of patients using NIV [6], especially for 
those with obesity hypoventilation and neuromuscular disorders [7]. Increasing awareness of the 
benefits of NIV by patients and health care professionals is likely to lead to more referrals for NIV 
assessment [7]. At present, use of NIV in COPD is generally low, but if evidence in this area improves, 
it may result in a dramatic increase in demand [8]. Even in homogenous health care systems, there are 
significant variations in the prescription of NIV [8]. It appears this is due not to different criteria being 
applied to commence NIV, but rather to a problem of recognition, with experienced individuals and 
centres more likely to initiate therapy than less experienced ones [8, 9]. This variation in practice also 
extends to the timing of intervention and the mode of ventilatory support used.  

 
PURPOSE OF THIS CONSENSUS STATEMENT 
In order to establish a cost effective use of this therapy, it is important to develop a management 
strategy that ensures equity of access and standardisation of care across NSW.  

The objective of this document is to provide information to optimise the overall management of 
individuals with disorders likely to lead to the development of chronic respiratory failure.  

The overall purpose of this consensus statement is to: 

• Provide recommendations regarding best practice management for clinicians involved in the 
management of adults requiring long-term non-invasive ventilatory support. 

• Standardise the overall care of people using non-invasive ventilation. 

• Promote the clinical care of individuals with chronic respiratory failure that is based on the best 
available knowledge. 

• Provide a reference tool to support training of health care workers in best practice management of 
people using non-invasive ventilation in the community. 
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CONSULTATION PROCESS 
In May of 2006 the Agency for Clinical Innovation (ACI) Respiratory Network, a multi-disciplinary 
collaboration of clinicians, was established to address certain inadequacies and inequities in the field of 
respiratory medicine in NSW. This open forum of over one hundred clinicians agreed that six working 
groups would be formed to consider eight focus issues. The Oxygen and Chronic Ventilatory Support 
group recommended in August, 2007 that evidenced-based guidelines for domiciliary NIV in adult 
patients be developed to assist with the standardisation of patient assessment, commencement on 
NIV, monitoring and follow-up criteria. 

To form the Domiciliary Non-Invasive Ventilation Working Group, a letter was sent to clinical 
representatives from each of the major centres in NSW in November 2007 to invite them to join and 
contribute to the development of the draft guidelines. This working party met in December 2007, where 
smaller working parties were assigned specific disease groups. These smaller working parties were 
responsible for providing a disease specific literature review and recommendations for the 
standardisation of NIV use in their respective disease category. Initial drafts were sent to all members 
of the Domiciliary Non-Invasive Ventilation Working Group for comment. 

In August 2008, a project officer was employed to complete the literature review and recommendations 
for the diagnostic groups and to write the sections on the practical aspects for providing domiciliary NIV 
in adult patients. The second draft of each section was also completed by the project officer, after 
incorporating comments from its members and chairperson. In April 2009, the document was compiled 
into one-editorially-consistent text, and the draft of the complete document was circulated to all 
members of the Respiratory Network, ACI for further comment and review. 

By June 2009, all comments and reviews were collated and the Domiciliary Non-Invasive Ventilation 
Working Group met again in August 2009 to finalise any outstanding consensus statements and the 
document. 
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GRADING RECOMMENDATIONS – LEVELS OF EVIDENCE 
Using the National Institute for Health and Clinical Excellence (NICE) guidelines (April 2007) [10] a 
critical review of the literature in the area of NIV was performed for the formation of this document and 
its recommendations. As treatment effectiveness was the primary focus of this consensus statement, 
the grading system for the levels of evidence for intervention studies as described by the Scottish 
Intercollegiate Guidelines Network (SIGN) was used [10, 11] (see Table 1). Where possible, meta-
analyses, systematic reviews and randomised control trials were used to support recommendations. 
However, a majority of the recommendations rely on cohort, case-control and non-analytic studies or 
expert opinion, especially in the patient groups where NIV treatment has been well established (e.g. 
neuromuscular disorders and chest wall disorders) and where it would now be deemed unethical to 
perform randomised controlled trials in these patients. 
 

Table 1: Key to level of evidence and grades of recommendations 

LEVELS OF EVIDENCE: Used to assist with grading recommendations 

1++ High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias. 

1+ Well conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias. 

1- Meta-analyses, systematic reviews, or RCTs with a high risk of bias. 

2++ High quality systematic reviews of case control or cohort studies. 

High quality case control or cohort studies with a very low risk of confounding or bias and a 
high probability that the relationship is causal.  

2+ Well conducted case control or cohort studies with a low risk of confounding or bias and a 
moderate probability that the relationship is causal. 

2- Case control or cohort studies with a high risk of confounding or bias and a significant risk 
that the relationship is not causal. 

3 Non-analytic studies (for example: case reports; case series) 

4 Expert option, formal consensus 

  
GRADES OF RECOMMENDATIONS 

The grade of recommendation relates to the strength of the levels of the evidence on which the 
recommendation is based. It does not reflect the clinical importance of the recommendation. 

A At least one meta-analyses, systematic review, or RCT rated as 1++, and directly applicable 
to the target population; or 

A body of evidence consisting principally of studies rated as 1+, directly applicable to the 
target population, and demonstrating overall consistency of results 

B A body of evidence including studies rated as 2++, directly applicable to the target population, 
and demonstrating overall consistency of results; or 

Extrapolated evidence from studies rated as 1++ or 1+ 

C A body of evidence including studies rated as 2+, directly applicable to the target population 
and demonstrating overall consistency of results; or 

Extrapolated evidence from studies rated as 2++ 

D Evidence level 3 or 4; or 

Extrapolated evidence from studies rated as 2+ 
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CHAPTER 1    DEFINITIONS, MODES & GOALS 
OF NON-INVASIVE VENTILATION 

 

AMANDA PIPER & DANIEL FLUNT 

 

 

1.1 DEFINITIONS AND MODES OF NON-INVASIVE VENTILATION 
Non-invasive ventilation (NIV) refers to the application of ventilatory assistance without the use of an 
invasive airway. In the vast majority of cases therapy will be delivered with positive pressure devices, 
although a few individuals around Australia still use negative pressure devices, having commenced this 
therapy prior to the availability of positive pressure devices for home ventilatory support. This is similar 
to the overseas experience. A large European survey of almost 22,000 home ventilator users found 
that only 0.005% used devices that were not positive pressure [2]. Negative pressure devices present 
a number of difficulties with regard to home ventilation including bulkiness, fit and comfort. In addition, 
they can induce significant upper airway obstruction, rendering therapy ineffective [12-14]. 

Positive pressure therapy may be delivered with either volume or pressure preset ventilators [15]. 
Volume preset ventilation delivers a stable tidal volume irrespective of the patient’s pulmonary system 
mechanics (compliance, resistance and active inspiration) [16, 17]. In contrast, pressure preset 
ventilation delivers a set pressure during inspiration and expiration, and changes in the patient’s 
pulmonary mechanics directly influence the flow and the delivered tidal volume [16, 17]. Most studies 
evaluating these two modes in patients with chronic respiratory failure have shown equivalent effects 
with respect to maintaining nocturnal gas exchange and improving daytime blood gases [18, 19]. Due 
to lower cost [20] and greater patient comfort [19, 21], most patients in the majority of centres are now 
prescribed pressure preset devices, mostly commonly, bilevel machines. However, volume ventilators 
are recommended for patients with the most severe respiratory failure including those with 
tracheostomy and when continuous or near continuous ventilatory support is needed. A switch from 
pressure to volume preset ventilation may also be required in patients who are adherent to pressure 
preset ventilation but who fail to respond to treatment [21]. 

Volume preset ventilators are usually set in an assist/control or control mode of support. Only one 
study has compared these two modes in patients with restrictive chest wall disorders [22]. This was a 
retrospective study and followed patients established on therapy for a 12 month period. No difference 
in blood gas improvement, lung function or compliance with therapy was seen between the two modes.  

Pressure preset devices may be set in an assist (“spontaneous”) mode where each breath is patient 
triggered; an assist/control (“spontaneous/timed”) mode where breaths may be patient or machine 
triggered; and a control (“timed”) mode where all breaths are machine triggered only [15]. The 
spontaneous mode has been used in patients able to trigger the ventilator consistently, whereas the 
spontaneous/timed mode is used when the ability of the patient to trigger the device reliably is reduced 
due to poor or absent inspiratory flows being generated (e.g. respiratory muscle weakness, drive to 
breathe is reduced or absent, or specific characteristics of the patient’s pulmonary mechanics), where 
the goal of therapy is to control the respiratory pattern [15]. The pressure settings used in bilevel 
devices include the inspiratory positive airway pressure (IPAP) and expiratory positive airway pressure 
(EPAP), with the difference between the two determining the level of pressure support [20]. 

A recent innovation in this area is that of autotitrating bilevel devices. The algorithms of these 
machines are designed to automatically titrate pressure support levels, and in some devices EPAP, 
based on minute ventilation or flow targets. There is mounting evidence for the use of these devices in 
managing sleep disordered breathing in patients with central sleep apnoea/Cheyne–Stokes respiration 
[23, 24]. In contrast, there is currently a paucity of data and clinical experience with the algorithms and 
technology to automatically titrate ventilatory support in patients with chronic respiratory failure [25]. 
Consequently, it is not possible to make recommendations about the role and effectiveness of 
autotitrating bilevel devices for chronic respiratory failure at the present time, but will be considered in 
future versions of this document when further information and clinical experience is available. 
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1.2 INTERFACES 
Success with NIV is reliant on appropriate selection of equipment and settings. The choice of interface 
or mask is therefore a major determinant of NIV success or failure [26]. Overall, long term mask choice 
should be based primarily on patient comfort and acceptance, whilst ensuring that it is both safe and 
effective [26]. Every effort should be made to ensure that air leaks are minimised, patient comfort is 
maximised and that the mask can be easily applied and removed.  

In this document, specific points of interest relating to mask choice for the various diagnostic groups 
are discussed in their respective sections on implementation. The term oronasal mask refers to a mask 
which covers the mouth and the nose. For more specific information on interfaces the reader is referred 
to a recent review on interfaces and humidification for non-invasive ventilation [26]. 

 

1.3 GOALS OF NON-INVASIVE VENTILATION 
The goals of providing long-term NIV will vary depending of the patient’s primary disease process. For 
those with stable or slowly progressive disorders, the purpose of providing ongoing therapy is to 
increase survival while maintaining or improving the quality of life [27]. In rapidly progressive disorders, 
the primary goal is to palliate symptoms [28, 29]. In a small group of individuals, such as those with 
cystic fibrosis, home NIV may provide a temporising measure until transplantation is possible [30]. In all 
cases, NIV provides the opportunity to stabilise or improve respiratory insufficiency, allowing patients to 
return back into the community. The non-invasive approach also permits earlier intervention in the 
course of the disease than is possible with invasive techniques [31, 32], reduces acute care costs by 
decreasing hospital length of stay and readmissions [33, 34], and simplifies the burden of care related 
to managing chronic respiratory failure in the home [20]. 
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CHAPTER 2     DIAGNOSTIC GROUPS 
 

 

 

The main diagnostic groups which develop respiratory insufficiency and subsequently treated and 
managed with NIV are discussed in this chapter. 

 

Where possible each diagnostic group contains the following subsections to provide 
clinicians with diagnostic-specific information to standardise the overall NIV 
management of their patients: 

 

• Background information on diagnostic group 

 

• Screening measures and predicting the development of  

 hypercapnic respiratory failure 

 

• Treatment options 

 

• Outcomes 

 

• Indications for NIV 

 

• Implementation of NIV 

 

• Titration of NIV 

 

• Follow up and ancillary care 

 

• Specific issues related to the particular diagnostic group 
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CHAPTER 2.1     SLOWLY PROGRESSIVE 
NEUROMUSCULAR DISORDERS 

 

PETER WARK, NICHOLAS MURRAY & DANIEL FLUNT 
 

2.1.1 BACKGROUND 
Neuromuscular disorders that result in respiratory failure are a diverse group of conditions with varying 
aetiologies. However, all share the same physiological consequence, namely the development of 
progressive hypercapnic respiratory failure secondary to progressive muscle weakness. These 
disorders can be arbitrarily divided into those with rapid or acute progression (Motor neurone disease, 
which will not be discussed in this section) and those that have variably slow progression or are non-
progressive. The most common of these are summarised below in Table 2. 

 

Table 2: Conditions causing neuromuscular weakness that result in chronic respiratory failure 
of variable and slow progression (adapted from [35]). 

Variable progression Slowly progressive or non-progressive 

Duchenne’s Muscular dystrophy Previous poliomyelitis or post-polio syndrome 

Congenital myopathies (including nemaline and 
metabolic causes) Fascio-scapular humeral dystrophy 

Merosin negative congenital muscular dystrophy Spinal muscular atrophy 

Limb girdle muscular dystrophy Primary diaphragmatic paralysis 

Myotonic dystrophy Spinal cord injury (traumatic, malignant and 
vascular causes) 

 

 

2.1.2 RESPIRATORY FAILURE FROM NEUROMUSCULAR DISEASE 
The development of respiratory failure in these disorders follows a highly variable course (see Table 3 
for reference table for the degree of respiratory involvement across the slowly progressive 
neuromuscular disorders). In some conditions such as Duchenne muscular dystrophy (DMD) the 
clinical course is inevitable and well documented with all subjects developing respiratory failure by their 
late teenage years [36]. Whereas, in other disorders, the course is not so clear and patients may 
present more slowly and often much later in life, inevitably increasing the risk of delay in diagnosis and 
referral. Whilst treatment should always be based on individual patient assessment, common 
progression of some of the slowly progressive neuromuscular disorders are discussed below. 

 

Dystrophinopathy 

DMD has an X-linked recessive pattern of inheritance with mutations occurring in chromosome Xp21 
causing an absence of dystrophin [37], and affects up to 1 in 3300 live male births [38]. After a normal 
rise in childhood, vital capacity generally plateaus at 10 years of age, which is a similar time at which 
they become wheelchair dependent (typically by 10 to 12 years of age). After this plateau, with the 
development of worsening respiratory muscle weakness, VC declines at approximately 8% per year 
[39]. When it reaches <1L, 5 year survival has been reported as 8% [40]. In DMD the development of 
daytime hypercapnic respiratory failure indicates a mean survival of only 9.7 months [41]. Life 
expectancy has generally been in the early 20’s, however, the use of NIV has increased survival 
beyond age 24 to 53% in one study [36]. 
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Becker’s muscular dystrophy is a less severe allelic version of DMD where there is only a reduction in 
dystrophin [37]. Symmetrical proximal weakness occurs and there is also cardiac involvement [42]. The 
progression of this condition is less predictable and respiratory failure is less common, with some 
patients remaining asymptomatic until their 60’s [43]. It has been recommended to monitor lung 
function at yearly intervals [42].  

 

Myotonic Dystrophy 

Myotonic dystrophy (DM1) results from an abnormal cytosine-thymidine-guanine expansion at 
chromosome 19q13 and is the most common dystrophy in the adult population, with an incidence of 1 
in 8000 [44]. The disorder is inherited in an autosomal dominant manner and despite being a 
multisystem disorder, the clinical features are highly variable across different patients. The typical 
clinical presentation includes bilateral facial weakness, ptosis and distal muscle weakness with 
myotonia [44]. Respiratory muscle weakness and dysfunction of the respiratory centres in the brain can 
result in alveolar hypoventilation [42]. Whilst daytime sleepiness can be a strong symptom of sleep 
disordered breathing from nocturnal hypoventilation, it also occurs in this group in the absence of 
respiratory failure [45, 46], with some studies suggesting a central nervous system dysfunction of sleep 
regulation [47, 48]. When there is evidence of nocturnal hypoventilation, NIV can improve symptoms 
and survival in these patients. However, alterations of personality and cognitive function can hinder 
compliance to the extent that adherence to treatment is generally poor [45, 49]. Due to significant 
bulbar weakness, aspiration pneumonia is common [50] and pneumonia is the most common reason 
for mortality in this cohort of patients [51].  

 

Limb girdle muscular dystrophy 

Limb girdle muscular dystrophy is an expanding set of autosomal dominant (LGMD1) and recessive 
(LGMD2) myopathies which have in common weakness of the shoulder girdle and pelvic girdle 
muscles [42, 49] (see Table 3). Due to rarity, there is little evidence in the literature regarding 
respiratory involvement in LGMD1, although scoliosis and spinal rigidity can occur which could lead to 
a restrictive respiratory impairment and therefore this subgroup should be closely monitored [42]. 

LGMD2, on the other hand accounts for 90% of cases and many subtypes have been described, 
including the sarcoglycanopathies (LGMD2 C to F) which present in a similar way to the 
dystrophinopathies [52]. In the sarcoglycanopathies, an evaluation has suggested that over 70% of 
individuals have reduced FVC. Particularly in γ and α sarcoglycanopathies, severe respiratory 
insufficiency, with FVC being reduced to <40% predicted have been observed. In LGMD2 A, 
respiratory muscle involvement is a rare occurrence and in LGMD2 I, patients typically present in 
adulthood with proximal limb weakness and diaphragmatic weakness is often observed. In the latter 
group this respiratory muscle weakness can even occur in ambulant patients [42] and in one series 
respiratory muscle involvement occurred in 10 of 16 patients, with NIV being required in 5 patients [53]. 

 

Fascioscapulohumeral dystrophy 

Fascioscapulohumeral dystrophy (FSH) is generally inherited in an autosomal pattern with the 
prevalence being 1 in 20000. Presentation is typically in the second decade with associated weakness 
in facial, scapular fixator, bicep, finger, dorsiflexor, abdominal, hip girdle and foot extensor muscles. 
However, there is a typical sparing of the extra-ocular, bulbar and respiratory muscles [42], with one 
study showing that only 1% of patients with FSH requiring ventilatory support [54]. Patients requiring 
ventilatory support had a more severe form of the disorder with kyphoscoliosis and wheelchair 
dependence. Due to oro-facial weakness, respiratory function testing using a mouth piece can be 
difficult and spirometry and mouth pressures may be less accurate and unreliable if there is not an 
adequate seal. Using a face mask attached to the measuring devices may be required. 
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Table 3:  Respiratory involvement in various slowly progressive neuromuscular disorders 
 (from [42], with adaptations from [49]) 

Condition Respiratory involvement 

Duchenne muscular dystrophy Inevitable, usually in teens, due to respiratory weakness 
Becker muscular dystrophy Less known but can occur with disease progression 
Myotonic dystrophy Common, due to: 

Sleep disordered breathing 
Respiratory muscle weakness and myotonia 
Alveolar hypoventilation 
Aspiration pneumonia due to bulbar weakness 

Fascioscapulohumeral dystrophy Respiratory insufficiency reported in severe disease 
Autosomal dominant limb-girdle muscular dystrophy Can occur due to scoliosis and spinal rigidity 
Autosomal recessive limb-girdle muscular dystrophy 

LGMD 2A (calpainopathy) 
LGMD 2B (dysferlinopathy) 
LGMD 2C (γ sarcoglycanopathy) 
LGMD 2D (α sarcoglycanopathy) 
LGMD 2E (β sarcoglycanopathy) 
LGMD 2F (δ sarcoglycanopathy) 
LGMD 2G 
LGMD 2H 
LGMD 2I 

 
Late involvement 
Not reported 
Common 
Common 
Common 
Common 
Not reported 
Not reported 
Common 

Emery-Dreifuss muscular dystrophy Occurs in association with skeletal deformities 
Oculopharyngeal muscular dystrophy Aspiration pneumonia and sleep disordered breathing reported 
Spinal muscular atrophy 

Type 1 
Type 2 
Type 3 

 
Inevitable 
Variable extent 
Uncommon 

Myasthenia gravis Rapid respiratory failure and fatal hypercapnic can develop over hours, 
often in the setting of respiratory infection 

Bethlem myopathy Common 
Autosomal dominant Distal myopathy 

Laing 
Welander 
Markesbery–Griggs–Udd 

 
Rare 

Autosomal recessive Distal myopathy 
Nonaka  
Miyoshi 

 
Rare 

Myofibrillar myopathy with abnormal desmin 
 

Common 

Metabolic myopathy  
Glycogenosis type II (Acid Maltase Deficiency) 

Infantile 
Childhood 
Adults  

 
Common, death usually before age 2 
Common, respiratory involvement in first years of life 
Common, de novo presentation with acute-on-chronic respiratory failure 

Glycogenosis type V (McArdle’s) Respiratory failure with acidosis reported 
Fatty acid metabolism disorder Uncommon unless severe rhabdomyolysis 
Mitochondrial disorders Can present with: 

Respiratory muscle weakness 
Hyperventilation syndrome secondary to acidosis 
Central hypoventilation 

Congenital myopathy  
Nemaline myopathy 

Infantile/childhood 
Adult 

 
Inevitable 
Common 

Central core disease Rare 
Minicore myopathy Inevitable 
Myotubular myopathy Inevitable 

 
Congenital muscular dystrophy  
Normal cognition, merosin negative  

Congenital muscular dystrophy 1A, 1B, 1C 
 
Inevitable 

Normal cognition, merosin positive 
Ullrich Congenital muscular dystrophy 
Early spine rigidity 

 
 
Inevitable 

Associated mental abnormality 
Fukuyama 
Muscle–eye–brain  
Walker–Warburg 

 
 
Inevitable, early onset 
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Emery-Dreifuss muscular dystrophy 

Emery-Dreifuss muscular dystrophy is characterised by slowly progressive muscle weakness and 
wasting in a scapulohumeroperoneal distribution, early contractures of the elbow, ankle and posterior 
neck and cardiac conduction defects. Respiratory insufficiency is dependent on the development of 
scoliosis, contractures and spinal rigidity [42]. 

 

Congenital myopathies 

Congenital myopathies include nemaline myopathy, central core diseases, minicore myopathy and 
myotubular myopathy. Respiratory muscle involvement is best recognised in myotubular myopathy, 
multicore myopathy, nemaline myopathy, and is rare in central core disease [42, 49]. In X-linked 
myotubular myopathies, onset of hypotonia and weakness occurs early in life and is associated with 
severe respiratory insufficiency causing early death [42].  

With regards to multi-minicore myopathy, respiratory involvement can occur even when patients are 
still ambulant. In a group of 19 patients, respiratory failure was found in more than half of the patients 
over the age of ten years and was correlated to the severity of scoliosis [55]. In small cohort of 
ambulant patients with multi-core myopathy also demonstrated symptomatic nocturnal hypoventilation, 
which was adequately ameliorated by the early intervention of NIV [56].  

In nemaline myopathy, the severity of respiratory involvement depends in the time of disease onset 
and severity. When it occurs in infancy, marked respiratory insufficiency has been treated with early 
intervention [57]. Whilst usually occurring in the neonatal period, a rare variant of nemaline myopathy, 
(sporadic late-onset nemaline myopathy) the onset of limb and muscle weakness can occur in adult life 
[58] and in some cases, respiratory weakness has been the initial presentation [59]. 

 

Spinal muscular atrophy 

Spinal Muscular Atrophy (SMA) has an incidence of 1/10000 [60]. It is characterised by degeneration 
of alpha neurons in the anterior horn cells of the spinal cord leading to progressive muscle atrophy and 
premature death, usually from respiratory failure. There are many different types of SMA, based 
predominantly on the age of onset, severity of presenting symptoms and the absence of milestones 
(see Table 4). Type 1 SMA (the most severe) presents with weakness at birth or in the first six months 
of life. Type 2 SMA presents between six and 18 months of age with weakness of muscles in the legs 
and trunk and failure to meet motor milestones (crawling and walking). Type 3 SMA with onset after 18 
months of age, and ability to walk which may be lost in time [60]. 

In the three classic forms of SMA, respiratory complications are inevitable in type 1, occurs to a 
variable extent in type 2 and are rare in type 3 [61]. When intercostal muscles (along with other 
accessory muscles of respiration) are involved [61], inspiration becomes reliant on the diaphragm 
alone and the lack of these stabilising muscles of the chest wall causes rib recession, pectus deformity 
and scoliosis. These factors if severe enough produce a weak, stiff chest wall which is operating at a 
mechanical disadvantage. Prognosis is dependent on the extent and timing of respiratory 
complications. Inspiratory muscle weakness predisposes the individual to ventilatory failure and 
expiratory muscle impairment causes an ineffective cough, which can lead to secretion retention and 
chronic atelectasis [62]. In SMA, expiratory muscle weakness may be more marked than inspiratory 
muscle weakness, which can lead to the recurrent infections prior to the development of respiratory 
failure [61]. Advancements in technology, assessment, ventilation and secretion removal techniques 
has produced an increase in survival to the extent that authors have recommended that the current 
classifications which use age of onset and age of death to describe a type of SMA, as inadequate [60]. 
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Table 4: Types of Spinal Muscular Atrophy (from page 785 [63], with additions from  [60] and [64]) 

 

Type Inheritance 
pattern§ 

Age of 
Onset 

Presenting 
symptoms 

Hallmark Prognosis 

SMA type I (severe 
infantile SMA, acute 
or fatal SMA, 
Werdnig-Hoffman, 
Oppenheim disease, 
amyotonia 
congentia) 

AR In utero to 6 
months 

Hypotonia and 
weakness; 
problems with 
sucking, 
swallowing, and 
breathing 

Never able to sit Traditionally suggested 
death usually occurs at 
2 years but with 
improvements in 
medical technologies 
(including NIV) and 
assessment ), Survivals 
at 1, 2, 4, 10, and 20 
years are 50%, 40%, 
30%, 30% and 30% 
respectively [60]. 

SMA type II 
(intermediate) 

AR Generally 
between 3 
and 15 
months 

Proximal leg 
weakness, 
fasciculations, fine 
hand tremor 

Never able to 
stand; facial 
muscles spared 

Dependent on extent 
and timing of respiratory 
complications 

Survival has been noted 
at 98.5% at 5 years and 
68.5% at 25 years in 
one study [64] and 92% 
at 10 years and 92% at 
20 years in another 
study [60]. 

SMA type III (chronic 
SMA, Kugelberg-
Welander) 

AR, AD 15 months to 
teen years 

Proximal leg 
weakness, delayed 
motor milestones 

Kyphoscoliosis 
and tongue 
fasciculations 
appear late 

Dependent on extent 
and timing of respiratory 
complications 

Life expectancy is not 
significantly less than 
the normal population 
[64] 

SMA type IV (adult-
onset SMA) 

AD, AR, or very 
rarely X-linked 
recessive 

Median age of 
onset, 37 
years 

Proximal 
weakness; variable 
within families; 
more severe in AD 
form 

  Life expectancy not 
markedly reduced 

Distal SMA 
(progressive SMA, 
Charcot-Marie-
Tooth–type SMA) 

AR, AD AR: birth or 
infancy; AD: 
adulthood 

Distal weakness   Very slow clinical 
progression; does not 
alter life span 

 

§AD, autosomal dominant; AR, autosomal recessive. 
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Acid maltase deficiency 

Acid maltase deficiency, also named Pompe’s disease or glycogen storage disorder type II, follows an 
autosomal recessive pattern which is characterised by a deficiency in the lysosomal enzyme acid α-
glucosidase which leads to an intracellular accumulation of glycogen, causing progressive muscle 
weakness throughout the body and affecting various body tissues, particularly the heart, skeletal 
muscles, liver and nervous system [42, 49, 65]. Three clinical syndromes of acid maltase disease have 
been described: infantile form, childhood form and adult form. 

In the infantile form, there is particular involvement of skeletal muscle, heart and liver, with death 
usually occurring before the age of two from respiratory failure. The childhood form presents in the first 
years of life with limb or respiratory muscle weakness. In the adult form, presentation occurs after 
childhood, usually with an indolent axial and proximal myopathy and involvement of the respiratory 
muscles is common [42, 49]. In an analysis of 29 adults with acid maltase deficiency (mean age 55 ± 
11 years), and age of symptom onset 41 ± 11 years, showed that 16 patients required mechanical 
ventilation with the age of initiation being 50 ± 12 years [65]. Whilst ventilation was commenced during 
an episode of acute respiratory failure in five of these patients, the other 11 patients were commenced 
on ventilation secondary to diurnal hypercapnia or evidence of nocturnal hypoventilation. Sixty-nine 
percent of these patients were treated with NIV. 

 

Post-poliomyelitis syndrome 

The poliovirus (an enterovius) infects the spinal motor neurons and/or the brainstem nuclei which 
results in a widely variable distribution of weakness of the skeletal or bulbar muscles leaving affected 
patients with variable residual permanent impairments after maximal recovery. The impairments can 
range from minor muscle weaknesses or deformities in the affected limbs, through to functional deficits 
in ambulation and self-care, to quadriplegia or need for mechanical ventilation [66, 67].  

Whilst the degree of the initial recovery from the acute paralysing effects of poliomyelitis depends on 
the survival of sufficient numbers of infected and non-infected motor neurons to re-innervate some or 
all of the orphaned muscle fibres [66], postpolio syndrome affects polio survivors 20-40 years after the 
acute process has subsided and is characterised by a diffuse complex array of symptoms including 
fatigue, pain, and muscular atrophy with slowly progressive loss of function and weakness in previously 
affected muscles [66, 68]. In a survey of 551 survivors of poliomyelitis (response rate 66.5%) the risk of 
post-polio syndrome was significantly higher among patients who sustained substantial permanent 
impairment after polio and among females. However, the incidence did not vary with the age of onset, 
severity during the acute stage, or level of physical activity after recovery [66]. The prevalence of post-
polio was 28.5% of all paralytic cases and of all cases of post-polio syndrome, 79% reported no major 
change in impairment status since onset.  

As worsening respiratory function may occur in those individuals where the breathing muscles were 
involved during the initial episode [68], a detailed history, careful monitoring of lung function and 
measures of respiratory muscle strength, as well as being vigilant for signs of nocturnal hypoventilation 
should occur, especially if the patient is not already established on ventilation. Where the respiratory 
muscles were not involved in the initial disease process, the development of post-polio respiratory 
impairment is uncommon [68, 69]. Bulbar function should also be continually monitored in patients with 
poliomyelitis to ensure that if ventilation is required, NIV remains a suitable option.  

 

General progression to diurnal respiratory failure 

In disorders that result in progressive respiratory muscle weakness the end result is daytime 
hypercapnic respiratory failure from hypoventilation. This is preceded by the development of nocturnal 
hypoventilation which results from progressive respiratory pump weakness and sleep induced 
decreased respiratory drive [70]. This usually begins in rapid eye movement (REM) sleep and then 
progresses into non-REM phases. In addition, upper airway obstructive events may also occur as a 
result of bulbar weakness and/or obesity.  

Therefore, it is reasonable to assume that sleep related hypoventilation will precede and may even 
influence the development of daytime hypercapnic respiratory failure. 
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2.1.3 PREDICTING THE DEVELOPMENT OF HYPERCAPNIC RESPIRATORY FAILURE 
Hukins et al [70] investigated the relationship between daytime measures of respiratory function (FEV1, 
FVC, TLC, maximal inspiratory pressures (MIP) and maximal expiratory pressures (MEP)), arterial 
blood gases and full polysomnography in subjects with DMD. Total sleep time below 90% saturation 
exceeding 2% was used to define nocturnal hypoventilation. Lower lung function, elevated arterial 
PaCO2 and arterial base excess were all related to nocturnal hypoventilation. An FVC <40% of 
predicted was found to be a sensitive indicator for hypoventilation but not specific (sensitivity 91%, 
specificity 50%), while base excess > 4mmols/L was highly specific but not sensitive (sensitivity 55%, 
specificity 100%). These authors recommended monitoring lung function regularly in this population, 
performing a blood gas when FVC<40% predicted, and undertaking sleep studies when base excess > 
4mmols/L. However, a cautionary warning was sounded by Suresh et al [71] who found that 64% of 
younger patients with milder weakness reported symptoms suggestive of sleep disordered breathing, 
indicating that obstructive sleep apnoea could develop prior to nocturnal hypoventilation. The impact 
this may have on progression of respiratory failure or survival is unclear. 

Monitoring VC can provide helpful diagnostic information when comparing erect and supine measures 
in patients with suspected diaphragm weakness [72]. One study demonstrated that the specificity and 
sensitivity of a greater than 25% fall in VC (from sitting to supine) for diaphragmatic weakness were 
90% and 79% respectively [73]. Patients with significant diaphragmatic weakness may report that they 
are not able to lie flat due to sensations of orthopnoea. Compared to other diagnostic groups which 
frequently report exertional dyspnoea, patients with very limited mobility will not be able to exercise to 
the extent to experience or report exertional dyspnoea [49]. (See Figure 1 for Protocol for functional 
evaluation of patients with Neuromuscular Diseases). 

 

Key points: 

• In conditions associated with progressive respiratory muscle weakness the development of 
daytime hypercapnic respiratory failure is indicative of increased mortality. 

• The development of daytime hypercapnic respiratory failure is preceded by nocturnal hypercapnia. 

• Subjects with progressive respiratory muscle weakness should have regular monitoring of lung 
function. When FVC<40% predicted, arterial blood gases should be performed, and a sleep study 
undertaken when base excess > 4mmols/L. 

• A fall of 25% from erect to supine VC may be helpful in detecting severe or predominant 
diaphragmatic weakness. 

• If symptoms suggestive of sleep disordered breathing develop despite lung function >40% 
predicted, a sleep study should be considered. 
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Figure 1:  Protocol for functional evaluation of patients with Neuromuscular Diseases  

 (from Paschoal 2007 [74] with additions) 

 

 

 
Detailed history and physical examination including signs 

and symptoms of SDB for  
patients with neuromuscular disease 

Asymptomatic Symptomatic 
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VC > 1.5L 
or  > 50% of predicted 

and 
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Train assisted 
cough / cough 
inexsufflator 

Arterial blood gases 
or 

capnography 

Repeat lung function and 
arterial blood gases 

periodically, according to 
the rate of progression of 

the neuromuscular 
disease in question 

Evidence of nocturnal hypoventilation:  
 
- TcCO2 >50mmHg for >50% of sleep or 
- Absolute TcCO2 rise >8mmHg 
 
 
 
 
 

PaCO2 < 45 mmHg 
or 

End tidal CO2 < 50 mmHg  

If PCF <270 
L/min 

If VC falls by  
> 20 to 40% from 
sitting to supine 

VC ≤ 1.2 to 1.5L 
or ≤ 40 – 50% predicted 

and 
MIP ≤ 60 cmH2O  

 

PROBABLE 
INDICATION 
FOR NON-
INVASIVE 

VENTILATION 

Asymptomatic Symptomatic 

Normal 

POLYSOMNOGRAPHY 

PaCO2 ≥ 45 mmHg 
or 

End tidal CO2 / TcCO2  
≥ 50 mmHg 

or 
 Base Excess > 4 mmols/L 

Evidence of more 
than 3 chest 

infections per year 
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2.1.4 TREATMENT OPTIONS 
As the main cause of respiratory insufficiency in neuromuscular patients is caused by alveolar 
hypoventilation, the use of oxygen therapy alone to treat acute or chronic respiratory failure is generally 
inappropriate and may actually cause an iatrogenic worsening of the patient’s hypoventilation [75, 76]. 
It is for this reason that mechanical ventilation (including NIV) is the primary treatment option for 
hypoventilation in neuromuscular disorders and that oxygen alone is not recommended to treat 
alveolar hypoventilation. In the absence of parenchymal lung disease, oxygenation should be normal in 
uncomplicated neuromuscular disease. However, supplementing oxygen to NIV may be required 
during episodes of hypoxaemia which are not amenable to ventilation alone, such as episodes of acute 
pneumonia [68]. If supplemental oxygen is required, close monitoring of PaCO2 is indicated and it 
should be ceased as soon as it is no longer required [75]. 

 

2.1.5 OUTCOMES 
Controlled trials on NIV in neuromuscular disease documenting its efficiency and ability to prolong 
survival are lacking and for ethical reasons these are unlikely to be performed in the future. Despite 
this, the clinical evidence and experience supporting its use in this diagnostic group of patients with 
chronic respiratory failure is overwhelming [3]. 

The evidence for the use of NIV in these disorders largely comes from observational trials. The 
Cochrane systematic review only included 4 studies of neuromuscular patients on NIV and included 
subjects with MND [1]. They could only conclude that NIV consistently improved symptoms of chronic 
hypoventilation in the short term and suggested further long term studies were needed. Clearly, 
important differences exist between subjects with MND and other slowly progressive neuromuscular 
disorders in terms of prognosis and the application of NIV. For this reason the conditions have been 
considered separately. The diagnoses that compromise the slowly progressive disorders also are 
disparate, but share more common ground. 

Even in the most prevalent single disorder, DMD, controlled trials are few due its relative rarity and 
extremely poor prognosis if untreated. To assess survival in DMD from 1960 onwards and the impact 
of the introduction of NIV in 1991 a specialist unit in the north of England conducted an observational 
retrospective review of cases [36]. They introduced NIV in all patients once daytime hypercapnic 
respiratory failure had occurred. They found that multidisciplinary care increased the chance of 
surviving to 25 years of age from 0% in 1960 to 12% in 1981, but the advent of NIV further increased 
this to 53% in those who received treatment. 

In contrast the only randomised trial of NIV in DMD occurred in subjects who had daytime eucapnia 
[77] and an FVC 20-50% predicted. Prophylactic use of NIV did not improve lung function and the NIV 
group had increased mortality. While the numbers were small and the adverse mortality may have in 
part related to an increase in cardiomyopathy in the intervention group, this study highlights the 
importance of adequately identifying suitable subjects for treatment. 

In uncontrolled observational study of DMD subjects with daytime hypercapnic the application of 
nocturnal NIV led to a significant improvement in daytime PaCO2 despite deteriorating respiratory 
muscle weakness [70]. In another uncontrolled study of children with DMD and other congenital 
myopathies who had presented with daytime respiratory failure, use of nocturnal NIV improved daytime 
gas exchange, nocturnal hypoventilation and sleep architecture [78].  

To determine if nocturnal NIV applied to subjects with DMD who had daytime normocapnia, but 
evidence of nocturnal hypoventilation would be of benefit Ward et al [79] randomised subjects to NIV or 
routine follow-up, with intervention only occurring when daytime hypercapnia developed. NIV was 
provided using bilevel positive pressure ventilators or volume support ventilators, with settings 
established by sleep study to correct SaO2 >90% and keep transcutaneous CO2 <50mmHg. Nocturnal 
NIV reduced nocturnal transcutaneous CO2, improved daytime arterial blood gases and improved some 
features of quality of life. In the control group, nine of the 10 subjects had progressed to daytime 
hypercapnic respiratory failure and required NIV within an average time period of 8.3 ± 7.3 months. 

Recent retrospective reviews of subjects with neuromuscular disease using NIV have shown there are 
fewer episodes of lower respiratory tract infection including episodes requiring hospitalisation [80]. 
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Key points: 

• The introduction of nocturnal NIV in specialist clinics for subjects with DMD who have developed 
daytime hypercapnic respiratory failure has been associated with a significant improvement in 
mortality. 

• The introduction of nocturnal NIV in subjects with DMD who have developed daytime hypercapnic 
respiratory failure improves daytime gas exchange, nocturnal hypoventilation and improves sleep 
architecture. 

• The introduction of NIV when nocturnal hypercapnia first appears even if daytime normocapnia is 
present, prevents the development of acute daytime respiratory failure, and improves some 
aspects of quality of life scores. 

 

 

2.1.6 INDICATIONS FOR NIV 
Home ventilation for patients with respiratory failure secondary to neuromuscular disease is now 
regarded as standard practice [79]. However, as previously discussed, this group encompasses a wide 
variety of disorders, with varying levels of disability, rates of progression and prognosis. While some 
neuromuscular disorders are relatively stable once therapy is introduced (e.g. post polio syndrome, 
limb girdle dystrophy, spinal muscular atrophy), other disorders will continue to demonstrate ongoing 
muscle weakness (e.g. Duchenne muscular dystrophy). In this latter group, changes in the type of 
home respiratory equipment and the way in which ventilatory support is delivered can alter significantly 
over time, and this needs to be taken into account and met as the patient’s medical condition 
progresses. Although the majority of patients will present with chronic respiratory failure, careful 
respiratory monitoring of all patients with neuromuscular disease should occur, so that the appropriate 
introduction of NIV and techniques to promote insufflation and peak cough flows are not delayed. 

 

Recommendations for referral 

Recommendations for the review and use of NIV in patients with slowly progressive neuromuscular 
disease should occur at a specialist centre which has the skills to investigate and manage these 
patients on NIV. All subjects with a slowly progressive neuromuscular disorder who are <18 years of 
age should be referred for clinical assessment to a paediatric specialist unit and transitional care to an 
adult centre should be planned between 16-18 years.  

Assessment by all treating physicians and clinicians as to the risk of development of respiratory failure 
should be considered in all subjects with other progressive neuromuscular disorders. Referral to a 
specialist centre should occur if the following develop: 

i) History of possible sleep disordered breathing including poor sleep quality, insomnia, nightmares, 
frequent arousals, daytime drowsiness and sleepiness, nocturnal or early morning headaches, 
loss of energy, decrease in intellectual performance, loss of appetite or weight loss. 

ii) Regular measurement of basic lung function should be undertaken. An FVC < 70% predicted or 
MIP < 60cmH2O (<50% predicted) should trigger referral  

Urgent referral for NIV assessment should occur in these subjects where there is: 

i) Development of hypercapnic respiratory failure, PaCO2 > 45mmHg 

ii) FVC < 50% predicted 

iii) Progressive symptoms of dyspnoea and orthopnoea 

iv) Recurring chest infections 

v) Clinical signs of cor pulmonale 
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INDICATIONS FOR TRIAL OF DOMICILIARY NIV 

Indications for a trial of home ventilation in patients with slowly progressive neuromuscular disorders 
include: 

i) a clinical diagnosis of a neuromuscular disorder with appropriate clinical history  

AND 

ii) symptoms of significant sleep disordered breathing associated with nocturnal or hypopnoeic 
events or severe sleep fragmentation 

OR 

iii) an awake PaCO2 ≥ 45 mmHg    

OR  

evidence of nocturnal hypoventilation (e.g. sustained falls in SpO2 such as SpO2 < 90% for 
greater than 5% of the night or increase of peak TcCO2 / ETCO2 ≥ 8 mmHg above awake 
resting values [81, 82] or peak TcCO2 / ETCO2 value being > 50mmHg for 50% or more of 
sleep time [62, 79]) on PSG or nocturnal respiratory monitoring which includes SpO2 and 
carbon dioxide monitoring, despite daytime normocapnia 

OR 

iv) more than 3 chest infections per year [79] 

v) In progressive disorders, a fall in VC below 50%, MIP < 40% predicted and/or nocturnal 
oximetry demonstrating a fall in SpO2 below 90% for a period of more than 2 consecutive 
minutes [83] 

vi) an acute event with respiratory decompensation where complete weaning off ventilatory 
support is not possible  

vii) where upper airway obstruction is the primary abnormality but weakness of the respiratory 
muscles makes tolerance of adequate CPAP levels not possible. 

 
 
2.1.7 IMPLEMENTATION 
Level of assessment required & definition of a specialist centre 

The assessment of patients with neuromuscular disorders should be ongoing, with the review process 
frequency being based on the usual process of the disease progression and individual patient 
changes. Clinical experience and provision of a multidisciplinary service are necessary for optimal 
management and specialised service provision. Services required for a hospital to be considered as a 
specialist centre include: 

i) A team experienced in the use of NIV 

ii) Access to complex pulmonary function tests and arterial blood gas analysis in an accredited 
pulmonary function laboratory 

iii) Access to an accredited sleep laboratory with experience in monitoring transcutaneous CO2 
and initiating NIV 

iv) Access to allied health services such as physiotherapists who have been specifically trained in 
sputum clearance in neuromuscular disorders, speech pathology for swallowing assessment 
and dietetics for nutritional support 

v) Access to sub-specialities such as neurology, gastroenterology and palliative care, preferably 
with the ability for close consultation and multidisciplinary care 

 

The initial assessments which occur at the Specialist centre should include:  

i) History of possible sleep disordered breathing including poor sleep quality, insomnia, 
nightmares, frequent arousals, daytime drowsiness and sleepiness, nocturnal or early morning 
headaches, loss of energy, decrease in intellectual performance, loss of appetite or weight  
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ii) History of dyspnoea and orthopnoea, symptoms and signs suggesting the development of cor-
pulmonale 

iii) Lung function tests: FVC, MIP, MEP or alternative respiratory muscle strength testing, peak 
cough flow (PCF) 

iv) Consideration for arterial blood gases, overnight oximetry or polysomnography 

 

Subsequent reviews and assessments should include: 

i) History of possible sleep disordered breathing 

ii) Lung function tests: FVC, MIP, MEP or alternative respiratory muscle strength testing, PCF 

iii) Arterial blood gases where FVC <40% predicted or MIP < 60cmH2O (50% predicted) 

iv) Polysomnography where there is a history suggestive of sleep disordered breathing or where 
FVC <40% predicted and base excess > 4mmols/L 

v) Training in assisted cough techniques including manual insufflation (e.g. using a resuscitation 
bag with a one-way valve or breath stacking on a volume ventilator), manually assisted cough 
manoeuvres and cough in-exsufflation 

 

Commencing non-invasive ventilation 

Acclimatisation of patients with neuromuscular disorders to NIV is a detailed process which requires 
significant amounts of education and training for the patient and their carers. Whilst some patients and 
carers prefer to have this performed as an intensive regime of outpatient appointments to avoid the 
discomfort of being away from their highly specialised home environmental set-up and specialised 
care, most acclimatisation occurs as an inpatient admission. This is particularly so when patients live a 
distance away from the hospital, have difficulty accessing transport due to severe limitations to mobility 
or have a preference for this method. It also has the benefit of ensuring that new skills are consolidated 
and provides full multi-disciplinary support during the initial assessment and training stage for NIV and 
other non invasive adjuncts (e.g. maximal insufflation and assisted peak cough flows).  

A randomised controlled trial has showed comparable results between inpatient and outpatient 
acclimatisation in highly selected stable patients with neuromuscular disease (i.e. without significant 
bulbar weakness or cognitive impairment) and near normal daytime PaCO2 [84]. Similar findings have 
been found in observational studies which also included mixed diagnostic groups [85, 86]. The location 
of acclimatisation therefore relies on clinical judgement based on the severity of diurnal 
hypoventilation, the likelihood of individuals experiencing problems with acclimatisation, associated 
medical co-morbidities, patient preference and clinical expertise [84, 85].  

 

Considerations for mask choice in patients with neuromuscular disorders 

Success with NIV is reliant on appropriate selection of equipment and settings. With regards to masks, 
whilst comfort and minimising air leaks are very important, other considerations need to be explored in 
patients with neuromuscular disease who are not able to independently remove their mask in the case 
of equipment malfunction, power loss or vomit. While nasal masks have less risk of aspiration, are 
easier for secretion clearance and may be easier for speech, they are more prone to mouth leak which 
may cause problems with machine triggering or cycling which can result in less effective ventilation and 
disrupt sleep architecture [87]. On the other hand whilst oro-nasal masks are able to better control for 
leak and are more effective for mouth breathers, they have increase aspiration risk, increase the 
difficulty with speaking and eating and increase the risk of asphyxiation with ventilator malfunction [87]. 
All oro-nasal masks should have an anti-asphyxial valve, which significantly reduce the resistance that 
the patient has to breathe in and out of, should the machine stop working. The ultimate mask choice 
will depend on safety, comfort and efficacy. Where possible, if a patient is unable to independently 
remove their mask in an emergency situation, a call system which can be activated by the patient 
should be installed. 
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Key points: 

• Clinical experience and provision of a multidisciplinary service are necessary for optimal 
management and specialised service provision. This service at a baseline should have primary 
access to respiratory physicians, sleep physicians, a dedicated respiratory failure service, allied 
health (including physiotherapy, speech pathology and occupational therapy) and access to sub-
specialities such as neurology, gastroenterology and palliative care. 

• Regular respiratory assessment should include VC, MIP, MEP, PCF, and signs and symptoms of 
sleep disordered breathing or respiratory failure. 

• Arterial blood gases should be performed where FVC < 40% predicted or MIP < 60 cmH2O (50% 
predicted), or fall in erect to supine VC ≥ 25%.  

• Polysomnography should be performed where there is a history suggestive of sleep disordered 
breathing or where FVC <40% predicted and base excess > 4mmols/L. 

• The patient / carer should be comfortable with NIV prior to home use. 

• Where PCF < 270 L/min, training should also include assisted cough techniques including manual 
insufflation, manually assisted cough manoeuvres and mechanical in-exsufflation. 

• Training/ education would come from the in-patient acclimatisation or be conducted in the specialist 
clinic. 

• Extra consideration for choice of mask is required for patients who do not have sufficient upper limb 
and manipulation function to independently remove their mask.  

 
 
2.1.8 TITRATION 
Titration principles for slowly progressive neuromuscular disorders include: 

i) Establish whether the patient is able to trigger the device consistently during sleep. Where 
diaphragm weakness has been identified either by a significant fall in erect to supine VC, an 
inspiratory muscle pressures less than 40% predicted or on specific diaphragm testing, a 
spontaneous-timed mode is likely to be required. 

ii) Nocturnal monitoring during NIV to ensure settings are appropriate to control sleep 
hypoventilation. 

iii) Titrate EPAP to prevent upper airway obstruction. Care should be taken not to use EPAP 
pressures over and above the requirements of the patient as excessive EPAP can be difficult or 
uncomfortable to breathe out against especially when there is significant muscle weakness. 

iv) Titrate IPAP-EPAP difference to provide enough support for ventilation. 

v) A pressurisation time which is comfortable and natural for the patient should be chosen. 

vi) In order to improve patient triggering and cycling in the presence of weak inspiratory efforts, care 
should be taken to minimise mask leaks. 

vii) Where a spontaneous-timed mode is required, the initial rate may be based around quiet and 
relaxed wakefulness when in the spontaneous mode. 

 

 

2.1.9 FOLLOW UP AND ANCILLARY CARE 
After the successful initiation of NIV, the following should occur: 

i) A home trial of NIV to establish compliance and response to therapy 

ii) Clinical review within the first 3 months to assess symptoms, success and compliance and 
patient’s willingness and ability to continue therapy long term 

iii) Patients should be using NIV >4 hrs / day [79] 
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iv) Over time, if there is a change in the patient’s condition such that ventilatory support is required 
for more than 18 hours / day, the management of the patient should follow the guidelines outlined 
for continuous ventilatory support (see Nocturnal to Continuous Ventilatory Support in the Home 
section) 

 

Once a patient with slowly progressive neuromuscular disease has been established on treatment the 
following should occur: 

i) Annual electrical safety checks or as per manufacturers instructions.  

ii) Written information regarding client responsibilities with respect to the care and 
maintenance of the equipment, and the need for regular clinical review to ensure benefit 
from therapy and identify changes to treatment that need to occur. 

iii) Clear documentation of current settings should be provided to the patient to keep with the 
machine. 

iv) Once the patient has demonstrated stability on their current settings, they should be 
monitored regularly either by the service that established therapy or an appropriately 
trained sleep physician closer to home. This should include:  

- check of filters, mask and tubing 

- confirmation that machine settings remain as documented. 

- regular monitoring should include lung function, arterial blood gases and 
consideration for overnight oximetry 

- weight should be measured periodically 

v) Regular 6-12 monthly review by clinic or specialist sleep/respiratory physician to trouble 
shoot equipment problems, identify disease progression or change in the patient’s 
circumstances. 

vi) Repeat polysomnography / nocturnal monitoring will be required but the frequency 
determined by the clinical need and practical difficulties and will be determined by the 
treating service or physician. 

vii) The patient / carer should receive information regarding the disease, likely prognosis, 
implications for surgery, anaesthesia, use of respiratory suppressants, uncontrolled 
oxygen therapy, care of equipment, and ongoing reviews should be given to the patient / 
carer. They should receive information on who to contact in the event of equipment failure 
as well as what steps to take. 

viii) Training of carer’s regarding secretion clearance techniques should be undertaken (see 
Secretion Management section). 

ix) If bi-level pressure support is ineffective in controlling nocturnal blood gases, a trial of 
volume ventilation is warranted. 

 

Access to a multidisciplinary service is crucial in order to provide adequate level of care. Referrals to 
other clinical services should include: 

i) Access to physiotherapy for aid in sputum clearance in stable disease and with acute 
lower respiratory tract infection via manual insufflation, abdominal thrusts and/or 
mechanical in-exsufflation devices 

ii) Specialist and regular dietetics nutritional support. Weight control is often necessary in 
patients with myopathy or post-poliomyelitis syndrome or in other neuromuscular 
conditions where patients become overweight through a combination of inactivity, reduced 
basal energy expenditure in wasted muscle or erroneous desire to improve muscle mass 
by increasing calorific intake alone [88]. This is important to control as obesity has adverse 
effects on a respiratory system which is already compromised. Conversely, some patients 
lose excessive weight especially when there are swallowing difficulties as a result of 
neurological dysfunction or if the patient has difficulty coordinating swallowing with their 
pattern of breathing. Due to the adverse effects of malnutrition on respiratory muscle 
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function, patients are generally advised to maintain a high protein, low calorie diet with the 
ultimate aim of achieving a body mass which suitable and stable for their requirements. 

iii) Review by a speech pathologist to assess and manage swallowing difficulties, especially 
where there is a risk of aspiration (e.g. bulbar dysfunction). 

iv) Access to a respiratory home care programme for advice in the management of stable 
disease and as a contact for acute problems such as lower respiratory tract infection. 

v) Depending on the patient’s social circumstances and degree of disability, assessment for 
other home support programs should be undertaken 

vi) Cardiology review as appropriate 

vii) Access to sub-specialities such as neurology, gastroenterology and palliative care, 
preferably with the ability for close consultation and multidisciplinary care. 

 

Key points: 

• Clinical review should occur within three months of commencement. 

• Compliance should be at least 4 hours per night. 

• If conditions change such that ventilatory support is required for greater than 18 hours per day, the 
management of the patient should follow the guidelines outlined for continuous ventilatory support 
(see Nocturnal to Continuous Ventilatory Support in the Home section). 

• Regular 6-12 monthly review by clinic or specialist sleep/respiratory physician. 

• Access to physiotherapy for aid in sputum clearance in stable disease and with acute lower 
respiratory tract infection via manual insufflation, abdominal thrusts and/or mechanical in-
exsufflation devices.  

• Access to a respiratory home care programme for advice in the management of stable disease and 
as a contact for acute problems such as lower respiratory tract infection. 

• Specialist and regular dietetics nutritional support for weight control or optimisation as required. 

• Review by a speech pathologist to assess and manage swallowing difficulties. 

• Access to sub-specialities such as neurology, gastroenterology, cardiology and palliative care. 
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RECOMMENDATIONS FOR SLOWLY PROGRESSIVE NEUROMUSCULAR DISORDERS Grade 

All subjects with DMD should be referred for clinical assessment initially to a paediatric 
specialist unit for assessment and then care transferred to an adult centre when age 
>18 years. 

C 

Assessment as to the risk of development of progressive respiratory failure should be 
considered in all subjects with other progressive neuromuscular disorders. Referral to a 
specialist centre should occur if significant respiratory muscle weakness or sleep 
disordered breathing occurs. 

D 

Subjects with progressive respiratory muscle weakness should be observed regularly 
with lung function, when FVC<40% predicted or MIP <60cmH2O arterial blood gases 
should be performed and when base excess > +4mmols/L, polysomnography should be 
performed. 

C 

Polysomnography should be performed where there is a history suggestive of sleep 
disordered breathing or where FVC <40% predicted, base excess > +4mmols/L on 
arterial blood gases or erect to supine fall in VC of ≥ 25%.  

C 

In subjects with progressive respiratory muscle weakness, nocturnal NIV should be 
commenced when: 

• Daytime hypercapnia, PaCO2 >45mmHg 

• Evidence of nocturnal hypoventilation with SaO2 <90% for >5% of the night or 
where there is a rise in TcCO2 / ETCO2 > 50mmHg for more than 50% of total 
sleep time or peak rise ≥ 8 mmHg. 

• Symptoms of significant sleep disordered breathing associated with nocturnal 
obstructive or hypopneoic events. 

C 

After initiation of NIV clinical review should occur within the first 3 months to assess 
symptoms, success and compliance. 

Regular monitoring should then occur and include lung function, arterial blood gases 
and consideration for overnight oximetry. 

D 

The patient and or carer should receive adequate training with equipment and be aware 
who to contact for medical and technical difficulties. 

D 

Patients should have access to other specialist health providers, including medical 
specialists and allied health professionals, preferably in a well co-ordinated 
multidisciplinary team.  

D 
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CHAPTER 2.2     SPINAL CORD INJURY 
 

NICHOLAS MURRAY & PETER WARK 
 

 

2.2.1 BACKGROUND 
The prevalence of spinal cord injury (SCI) in Australia was estimated at ~10,000 in 1997 and this is 
projected to rise to ~12,000 in 2021 [89]. Respiratory disease is the major cause of death in the first 12 
years following SCI [90]. SCI is associated with a variable amount of respiratory compromise due to the 
fact that there is widespread variation in both the level and the completeness of the injury. A lesion 
causing segmental or long-tract injury at or above the level of C5 will compromise all relevant muscles 
including, most importantly, the diaphragm. SCI below C5 will leave the diaphragm intact but may 
paralyse other inspiratory muscles including the parasternal intercostals, the external intercostals and 
the scalenes. This can cause paradoxical movement of the thorax during inspiration, an abnormality 
which reduces the mechanical advantage of the diaphragm [91]. SCI below the level of T12 will leave 
the inspiratory muscles intact, but may still compromise muscles of expiration, leading in particular to 
impairment of cough. Cough is most impaired following cervical and upper thoracic injuries. Loss of 
inspiratory capacity in SCI can lead to considerable reduction in vital capacity (VC) and total lung 
capacity (TLC). Changes in both pulmonary compliance and chest wall recoil also tend to reduce the 
functional residual capacity (FRC), but much less markedly [92]. Abdominal wall tone can also be 
altered, resulting in alteration of the mechanical advantage of the diaphragm through increase in the 
radius of curvature of the diaphragmatic dome and altering the working segment of the diaphragmatic 
length/tension curve, especially with the patient sitting upright, but also when supine [93]. No direct 
measurements of work of breathing in SCI patients exist, but the consensus is that work of breathing is 
substantially elevated, leading to increased risk of respiratory muscle fatigue. 

Central control of ventilation and central ventilatory drive should not be altered, except in the instance 
of coexisting brainstem injury as a consequence of vertebral arterial dissection, or in the presence of 
pre-existing morbidity such as severe chronic airflow limitation, significant heart failure or obesity. 
Disruption of the sympathetic nervous system in the instance of lesions above T1 can lead to 
unopposed vagal tone acting on the airways and consequently the excessive production of 
hyperviscous mucus [94]. 

Almost all SCI patients ultimately requiring non-invasive ventilation (NIV) will deteriorate acutely 
following the injury and then demonstrate a prolonged period of slow recovery of ventilatory function 
[95]. Acute ventilatory deterioration may be observed as a result of the phenomena of ascending spinal 
shock, inspiratory muscle fatigue, progressive atelectasis, progressive sputum retention and 
supervening pneumonia. Chronic deterioration in ventilatory function is not always seen and, when 
present, tends to be minor with the exception of progressive post-traumatic cervical or thoracic 
syringomyelia, recurrent severe chest infections or deteriorating thoracic spine or chest wall 
morphology. Work from other neuromuscular disease states suggests that pulmonary compliance 
decreases with time, potentially in association with a progressive increase in work of breathing [96, 97]. 
Paradoxical thoracic movement tends, fortunately, to diminish with chronicity of the injury as spasticity 
of the chest wall muscles increases and as the chest wall skeletal apparatus stiffens [96, 98]. 

In the SCI patient population, NIV usage might be considered in the case of stable nocturnal 
hypoventilation or obstructive sleep apnoea (OSA). It may also be used in mild wakeful hypoventilation, 
although opinion is divided with regard to this indication. Hypothetically, abdominal wall flaccidity may 
allow pathologically large expansion of the FRC through diaphragmatic flattening as a result of the 
application of positive airway pressure (PAP), leading to impaired tolerance of continuous positive 
airway pressure (CPAP) or positive end expiratory pressure (PEEP), or at least the effect of increased 
work of breathing when such therapies are applied. Abdominal binders may alleviate this effect. 

In patients using NIV, there may be benefit from the concomitant usage of humidification and the 
intermittent usage of mechanically assisted cough (MAC) devices [99, 100]. 
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Key points: 

• The amount of respiratory compromise in SCI is dependent on both the level and completeness of 
the injury. 

• Respiratory disease is still the major cause of death in the first 12 years following injury. 

• SCI at or above C5 will compromise all relevant respiratory muscles, most importantly the 
diaphragm. 

• Mechanical disadvantage of the diaphragm results from paradoxical movement of the thorax which 
occurs when the parasternal intercostal, external intercostal and scalene muscles are involved. 

• Cough is impaired with expiratory muscle involvement. 

• Reduced abdominal wall tone may allow pathologically large expansion of the FRC when 
continuous positive airway pressures are applied. 

 
 

2.2.2 TREATMENT OPTIONS FOR RESPIRATORY INSUFFICIENCY IN SCI 
As the incidence of neurological deterioration more than 7 days after a spinal cord injury is well under 
5% [101, 102], it may be inferred that the overwhelming majority of patients who ultimately demonstrate 
nocturnal or wakeful hypoventilation will do so within that first week. Current Australian practice is that 
almost all such patients will be intubated and ventilated. Thoracic SCI patients should all be able to be 
weaned from ventilatory support, as should most patients with a level from C6-C8. Lesions at C4 and 
C5 can sometimes achieve ventilator independence, but many patients will continue to require 
ventilation. Complete (ASIA A) lesions at C3 or above will be associated with complete ventilator 
dependence. When weaning is possible in cervical SCI, the process is often prolonged (mean 87 days 
in weanable C2–C6 SCI patients) [103] and NIV will often be used as a weaning aid.  

SCI is different from other neuromuscular disease in that the onset is hyper-acute and the long-term 
ventilatory status of most patients will be clear within a few months of presentation. Consequently, the 
usual progression from ventilatory competence to NIV usage to invasive IPPV usage is not followed. 
This means, firstly, that fewer SCI patients will use NIV than in other neuromuscular disorders because 
the most dependent patients will be on IPPV from the beginning and patients with ventilatory 
competence can expect to remain independent of NIV for a long time. The standard management of 
patients with complete dependence on assisted ventilation is IPPV, with few current exceptions in this 
country, so current candidates for NIV demonstrate partial or complete wakeful ventilatory 
independence and nocturnal hypoventilation. This group will consist mostly of C4-C6 SCI patients.  

 

Obstructive Sleep Apnoea 

The prevalence of OSA in tetraplegic patients who avoid IPPV acutely has been found to be ~60% 
[104, 105]. This disease is managed with CPAP in patients without SCI. While there is no doubt that 
most SCI patients can tolerate CPAP long-term, hypothetical concerns exist regarding the use of high 
CPAP pressures without inspiratory pressure support in c-spine SCI patients, as the FRC may be 
expected to increase considerably, reducing the mechanical advantage of the diaphragm and moving 
ventilation to a less advantageous segment of the pulmonary compliance curve. No published data are 
available to support a decision either for or against the use of CPAP in cervical spine SCI patients at 
the present time. 
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Key points: 

• Complete lesions at C3 or above are associated with complete ventilator dependence and generally 
are treated with invasive positive pressure ventilation. 

• Lesions at C4 and C5 can be associated with ventilator independence in some individuals. 

• Thoracic level and most C6 to C8 SCI should be able to be weaned from ventilatory support.  

• Long term ventilatory status of most patients with SCI will be clear within a few months of onset of 
injury. 

• NIV is generally used when nocturnal hypoventilation is present but when partial or completely 
independent ventilation during wakefulness has been demonstrated (usually C4 to C6 SCI patients). 

• OSA is very prevalent in tetraplegic patients. However, CPAP alone may not be tolerated due to its 
potential effect of increasing FRC in patients with reduced abdominal and chest wall muscle tone. 

 

 

2.2.3 PREDICTING THE DEVELOPMENT OF NOCTURNAL RESPIRATORY FAILURE IN SCI 
The assessment of nocturnal ventilation in SCI patients is made easier by the fact that the 
overwhelming majority of patients are managed as acute medical inpatients in a tertiary / quaternary 
referral centre for some weeks or months after their injury or after leaving intensive care. 
Consequently, direct measures of ventilatory insufficiency such as overnight oximetry, overnight 
capnography, evening and morning arterial blood gas assessment and partial or even full 
polysomnography may be performed without logistical difficulty. Unfortunately, and in keeping with 
several other neuromuscular diseases, little published work addresses the prediction of ventilatory 
failure in a SCI population. Such predictive measures would be particularly useful in the event of slow 
neurological deterioration, in the event of increasing BMI or sedative usage in an outpatient, or in an 
outpatient who is experiencing the onset of cardiorespiratory comorbidity. 

Extrapolation from other neuromuscular disease states and from studies of able-bodied subjects 
suggests that the sensible monitoring of SCI patients, from a ventilatory viewpoint, would include the 
regular subjective assessment of markers of sleep-disordered breathing and sleep deprivation, serial 
measurement of maximal inspiratory pressure (MIP), inspiratory capacity (IC) and wakeful arterial 
PaCO2, and intermittent serial overnight studies that might include capnography, oximetry or partial or 
full polysomnography. The ability to perform some of these measurements in this patient population is 
possessed only by a limited number of centres. 

 

 

2.2.4 OUTCOMES  
The benefits of NIV in SCI patients may accrue from respiratory muscle resting, resetting of the central 
CO2 control mechanism, normalising tissue acidosis and hypoxia, improving the objective physiology of 
sleep, the beneficial effects of pulmonary distension and improved sputum clearance [106], and in 
comparison with IPPV, from improvements in appearance, comfort, swallowing and speech and 
reduced tracheal irritation and obstruction. However, a recent randomised study of NIV in the setting of 
cervical SCI failed to show improvements in respiratory function, pulmonary mechanics or work of 
breathing [107]. A randomised interventional study of NIV in ventilator-independent cervical SCI, 
examining clinical and quality of life outcomes rather than physiological parameters only, has yet to be 
performed in either an acute or a chronic setting. 

Several low-level studies have suggested higher patient satisfaction, and fewer complications, in 
selected, completely ventilator-dependent SCI patients treated with NIV rather than IPPV [108-110], so 
the paradigm of treating these patients in Australia may change in the future. 
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2.2.5 INDICATIONS FOR NIV 
When NIV is indicated, referral to a specialist centre with skills to investigate and manage NIV should 
take place. Many patients will not need consideration of NIV, but the following should lead to 
appropriate referral [16, 106, 111, 112]: 

i) Symptoms of impaired sleep quality, such as daytime somnolence, waking headache or 
grogginess, fatigue, impaired cognition, impaired short-term memory, irritability, anxiety and 
depression. 

AND / OR 

ii) Symptoms of sleep-disordered breathing, such as frequent awakening, snoring, choking, gasping, 
waking dry mouth, waking dyspnoea or witnessed apnoeas. 

AND 

iii) Wakeful hypoventilation (PaCO2 ≥ 45 mmHg) [113, 114],  

OR 

 Polysomnogram, capnography or oximetry suggesting nocturnal hypoventilation (such as one or 
more episodes of SpO2 <88% for >5 min, or SpO2 <88% for >10% of total sleep time [106], or 
TcCO2/ ETCO2  >50mmHg for more than 50% of TST [79]. 

OR 

iv) Patients being weaned from invasive ventilation. 

v) Otherwise unexplained potential co-morbidity of sleep disorders, such as refractory hypertension, 
pulmonary hypertension, right heart failure, cardiovascular disease or stroke. 

vi) Intractable or refractory sputum retention, atelectasis, respiratory tract infection or type-I 
respiratory failure (PaO2 < 80 mmHg, SpO2 <95%). 

vii) Intolerance of CPAP for treatment of OSA, especially in cases of SCI at C6 or above.  

viii) The presence of a tracheostomy is not a contraindication. 

 

 

2.2.6 IMPLEMENTATION OF NIV 
The implementation of NIV should occur in a specialised centre. The specialised centre should include: 

i) A team experienced in the use of NIV. 

ii) Access to an accredited pulmonary function laboratory providing spirometry, maximum inspiratory 
pressure measurement (mouthpiece, mask and sniff nasal), and arterial or arterialised capillary 
blood gas analysis.  

iii) Access to an accredited sleep laboratory with experience in monitoring transcutaneous or end-
tidal CO2, and in providing and adjusting NIV. 

iv) Access to a respiratory failure/physiotherapy service for aid in bronchial secretion clearance. 

v) Access to a spinal unit. 

vi) Respiratory units caring for SCI patients to have at least one staff member designated in charge of 
patient and carer education and involved in equipment purchase. 

 

The initial assessments which occur at this Specialist Centre should include: 

i) History of possible sleep disordered breathing, impaired sleep quality, dyspnoea, cough, sputum 
retention, symptoms of right heart failure, and symptoms of vascular morbidity. 

ii) Lung function tests: vital capacity (VC), maximum inspiratory pressure (MIP), sniff nasal 
inspiratory pressure (SNP) and peak cough flow (PCF). 

iii) Consideration of spot wakeful arterial or arterialised capillary blood gases, or evening and morning 
ABGs, especially if FVC < 40% predicted or MIP < 60 cmH2O. 

iv) Polysomnography with capnography. 
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Subsequent reviews and assessments should include: 

i) History as above. 

ii) Lung function tests: FVC/VC (MIP if deteriorating symptoms). 

iii) ABG if FVC < 40% predicted, or MIP < 60 cmH2O. 

iv) Polysomnography if symptoms or ventilatory physiology deteriorating. For patients established on 
ventilation a treatment-review PSG should occur at least every two years. In patients on CPAP a 
routine investigation should occur every two years. Other patients (not on CPAP or ventilation) 
can be reviewed with polysomnography every five years or as indicated. 

 
 
2.2.7 TITRATION 
Specific issues to consider when commencing or titrating NIV in SCI include: 

i) In the instance of wakeful hypoventilation, IPPV via tracheostomy and ventilator, or at least the 
provision of NIV via a volume ventilator rather than flow-generator, should be considered. The use 
of NIV in chronic wakeful hypoventilation or in a state of “ventilator dependence” has been 
supported [110, 115, 116]. 

ii) Early pressure-titration polysomnography should occur, ideally based on capnography rather than 
oximetry. In the absence of capnography, evening and early morning ABGs may be helpful. 

iii) Use of an abdominal binder may be considered as the initial intervention in cases of mild 
hypoventilation, or as an adjunct to the use of NIV [91]. 

iv) The patient should sleep supine if possible. Abdominal binders may improve ventilation in patients 
unable to sleep supine [117]. 

v) Adequate non-invasive assistance with sputum clearance must be demonstrated before 
decannulation of a tracheostomy. 

 

Equipment considerations for NIV in SCI are as follows: 

i) NIV flow generator to be capable of providing an IPAP of at least 22 cmH2O. 

ii) Spontaneous-timed mode flow generator, or a volume ventilator, to be provided if spontaneous 
mode device does not allow correction of sustained hypercapnia.  

iii) In the case of wakeful hypoventilation, the use of a ventilator, with internal battery and low minute 
volume alarm, needs to be considered. 

iv) Ventilators using flow triggering or volume cycled ventilation may be required for patients 
experiencing difficulty in triggering inspiration. 

v) Volume-cycled ventilators may allow more effective coughing through the use of breath-stacking 
techniques. 

vi) “Warm-pass” humidification to be provided, with or without internal coil heating. 

vii) Nasal interface to be preferred for patients with inadequate arm function to allow autonomous 
mask removal and for patients with a history of ongoing vomiting or aspiration pneumonia. 
However, there is a risk of intermittent large oral air leaks with a nasal interface during sleep [118]. 
Pressure support or pressure-controlled, time-cycled ventilation is to be preferred over volume-
cycled ventilation for nasal interface users. 

v) The interface must contain an exhalation port if this is required by the NIV system. 

vi) Patient and carers must be experienced with the application and maintenance of NIV equipment 
before home usage. 

vii) The provision of equipment for allowing intermittent lung insufflation, or mechanical inexsufflation, 
should be considered desirable [99, 100] 
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Key points: 

• Implementation of NIV should occur in a specialised centre with access to a spinal centre. 

• Perform arterial blood gases if VC < 40% or MIP < 60 cmH2O. 

• If indicated, an early pressure determination titration polysomnography which includes a measure 
of carbon dioxide should be performed. 

• Spontaneous-timed mode flow generator, or a volume ventilator, to be provided if spontaneous 
mode device does not allow correction of sustained hypercapnia.  

• Abdominal binders may be used in the initial intervention of mild hypoventilation or assist with 
supine sleep. 

• Adequate non-invasive assistance with sputum clearance must be demonstrated before 
decannulation of tracheostomy. 

• A ventilator appropriate for life support is recommended for patients with wakeful hypoventilation. 

 
 
 
2.2.8 FOLLOW-UP AND ANCILIARY CARE 
After the successful initiation of NIV, the following should occur: 

i) Initial clinical review should occur within the first 3 months to assess symptoms, adequacy of 
adherence and potential technical problems [106]. 

ii) Further review should occur every 6-12 months, again assessing symptoms, adherence and 
spirometry; further investigation as required. 

iii) Objective decline of ventilatory function in a patient already on NIV should result in consideration 
of volume ventilation. 

iv) Repeat treatment-review polysomnography to occur at least biennially and will be determined by 
the treating service or physician. 

v) If the patient is requiring ventilatory support more than 18 hrs/day, a reassessment of equipment 
needs and re-categorisation to continuous ventilator dependent status should occur (See 
Continuous Ventilatory Support in the Home section). If the patient wishes to continue non-
invasive ventilatory support, training with a mouthpiece must be undertaken. 

 

Once a patient with spinal cord injury has been established on NIV treatment the following should 
occur: 

i) Annual electrical safety checks or as per manufacturers instructions.  

ii) Written information regarding patient responsibilities with respect to the care and maintenance of 
the equipment, and the need for regular clinical review to ensure benefit from therapy and identify 
changes to treatment that need to occur 

iii) Clear documentation of current settings should be provided to the patient to keep with the 
machine 

iv) Once the patient has demonstrated stability on their current settings, they should be monitored 
regularly either by the service that established therapy or an appropriately trained sleep physician 
closer to home. This should include:  

- checking the filters, mask and tubing 

- confirming machine settings remain as documented. 

- regular monitoring should include lung function, arterial blood gases and consideration for 
overnight oximetry. 

- weight should be measured periodically. 
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v) The patient / carer should receive information regarding the disease, likely prognosis, implications 
for surgery, anaesthesia, use of respiratory suppressants or recreational drug use, uncontrolled 
oxygen therapy, care of equipment, and ongoing reviews should be given to the patient / carer. 
They should receive information on who to contact in the event of equipment failure as well as 
what steps to take. 

vi) Carers should be trained in manual insufflation and secretion removal techniques (including 
mechanical in-exsufflation) [99, 100]. These techniques should be practised with the patient 
regularly. 

 

Referrals to other clinical services should include: 

i) Physiotherapist service to be consulted in the event of persistent cough, sputum retention, 
respiratory tract infection, unexplained fevers or type I respiratory failure. Carers should be trained 
in manual insufflation and secretion removal techniques. 

ii) Dietetics, Endocrinology or Obesity service to be consulted if patient’s BMI >30 kg / m2. 

iii) Access to a targeted respiratory outpatient care programme, or an appropriately educated spinal 
outpatient care programme, is desirable but not essential. 

iv) Access to spinal, neurosurgical, orthopaedic, plastic surgery, gastroenterology and palliative care 
services within a formal multidisciplinary framework. 

 

Key points: 

• Carers should be trained in manual insufflation and secretion removal techniques (including 
mechanical in-exsufflation). These techniques should be practised with the patient regularly. 

• Access to a targeted respiratory outpatient care programme is desirable and access to a 
multidisciplinary care model is essential. 
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RECOMMENDATIONS FOR SPINAL CORD INJURY Grade 

Consideration for NIV in SCI includes symptoms of impaired sleep quality (such as daytime 
somnolence, waking headache or grogginess, fatigue, impaired cognition, impaired short-term 
memory, irritability, anxiety and depression) or symptoms of sleep-disordered breathing (such 
as frequent awakening, snoring, choking, gasping, waking dry mouth, waking dyspnoea or 
witnessed apnoeas). 

D 

Full lung function tests should be performed including VC, MIP or SNP. An arterial blood gas 
should be performed especially if VC < 40% predicted or MIP < 60 cmH2O.  D 

NIV is indicated when there is evidence of hypoventilation when awake (PaCO2 ≥ 45 mmHg) 
or evidence of nocturnal hypoventilation (such as one or more episodes of SpO2 <88% for >5 
min, or SpO2 <90% for >10% of total sleep time, or ETCO2 /TcCO2 >50 mmHg for >50% of the 
total sleep time). 

C 

NIV is indicated when there are otherwise unexplained potential co-morbidity of sleep 
disorders, such as refractory hypertension, pulmonary hypertension, right heart failure, 
cardiovascular disease or stroke. 

D 

NIV is indicated when there is intractable or refractory sputum retention, atelectasis, 
respiratory tract infection or type-I respiratory failure (PaO2 < 80 mmHg, SpO2 <95%). D 

NIV is indicated when there is intolerance of CPAP for treatment of OSA, especially in cases of 
SCI at C6 or above. D 

The implementation of NIV should occur in a specialised centre where there is access to a 
spinal unit, accredited pulmonary function and sleep laboratory, physician experienced in the 
use of NIV, NIV service and physiotherapy service trained in secretion removal in patients with 
spinal cord injury. 

D 

In the instance of wakeful hypoventilation which does not require invasive ventilation, NIV 
should be supplied by a ventilator which has been approved for life support. D 

Use of an abdominal binder may be considered as the initial intervention in cases of mild 
hypoventilation, or as an adjunct to the use of NIV. C 

Spontaneous-timed mode flow generator, or a ventilator, to be provided if Spontaneous mode 
device does not allow correction of sustained hypercapnia in the presence of central apnoea or 
persisting hypoventilation. 

D 

Ventilators using flow triggering or volume-cycled mandatory ventilation may be required for 
patients experiencing difficulty in triggering inspiration. D 

Nasal interface to be preferred for patients with inadequate arm function to allow autonomous 
mask removal and for patients with a history of ongoing vomiting or aspiration pneumonia. As 
this may lead to intermittent large oral air leaks with a nasal interface during sleep, pressure 
support or pressure-controlled, time-cycled ventilation is to be preferred over volume-cycled 
ventilation when this type of mask is used. 

D 

Initial clinical review should occur within the first 3 months to assess symptoms, adherence 
and potential technical problems. Further review should occur every 6-12 months, again 
assessing symptoms, adherence and spirometry; further investigation as required. 

D 

Minimum compliance levels have not been established. In patients without wakeful 
hypoventilation, usage throughout all sleep periods should be recommended. D 

Carers should be trained in manual insufflation and secretion removal techniques (including 
mechanical in-exsufflation). These techniques should be practised with the patient regularly. C 
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CHAPTER 2.3     RAPIDLY PROGRESSIVE 
NEUROMUSCULAR DISORDERS 
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2.3.1 BACKGROUND 
The archetypal rapidly progressive neuromuscular disorder is Motor Neuron Disease (MND), and 
hence it serves as the disease model for these NIV guidelines. 

Motor Neuron Disease is a term used to describe a number of progressive neurological conditions that 
selectively affect motor neurons. Forms of MND include: amyotrophic lateral sclerosis (ALS), primary 
lateral sclerosis (PLS), progressive muscular atrophy (PMA), psuedobulbar palsy, progressive bulbar 
palsy and spinal muscular atrophy (SMA). ALS is the most common adult motor neuron disease and is 
characterised by a progressive deterioration of the corticospinal tract, brainstem and anterior horn cells 
of the spinal cord. Patients with MND usually have a variable combination of upper motor neuron 
(UMN) and lower motor neurone (LMN) features, although their clinical presentation can either be LMN 
or UMN predominant, leading to the clinical heterogeneity that is typical for the disease. The incidence 
is 1 in 40-50 thousand. There are approximately 1,300 to 1,400 people living in Australia with MND at 
any given time [119].  

The presentations, clinical phenotypes and outcomes of MND are diverse. Presentations include: 
MND, presenting with a combination of upper and lower motor neurone (UMN and LMN) signs in the 
limbs; bulbar onset MND (30%), presenting with speech and swallowing difficulties, (sometimes with 
limb and cognitive features developing later in the course of the disease); less commonly PLS with 
pure UMN involvement; and progressive muscular atrophy, with purely LMN signs. More recent sub-
classifications include the flail limb variant of MND, marked by prolonged disease duration [120].  

The key respiratory symptoms and co-morbidities in MND include respiratory muscle weakness 
(dyspnoea, ineffective cough), sleep-disordered breathing (sleep fragmentation, morning headache 
and daytime sleepiness), and aspiration risk related to bulbar involvement. Respiratory failure, when it 
occurs, is a direct consequence of respiratory muscle weakness. While a small percentage of patients 
with MND initially present with severe respiratory muscle involvement, there is no reliable method to 
predict when respiratory muscle impairment will occur. There is a high incidence of sleep-related 
hypoventilation in MND, although the underlying mechanisms are not entirely defined [121]. This can 
occur despite normal or near normal awake lung function, with a proportion of patients developing early 
sleep-related hypoventilation independent of respiratory muscle weakness [83]. Sleep-related 
hypoventilation impacts on quality of life, and is an independent predictor of survival [122]. Hence, it is 
generally recommend that MND patients with excessive daytime sleepiness or insomnia should 
undergo sleep monitoring to diagnose nocturnal respiratory insufficiency and/or sleep disturbance 
[123].  

The natural history of MND results in the death of approximately 500 Australians per year with a 
median survival of only 2 to 3 years from diagnosis. The progression of the disease varies greatly 
between patients however, with up to 25% of affected individuals surviving for 5 years or more. A 
reliable marker of disease progression is still unavailable and remains a challenge. No single algorithm 
combines the findings of functional assessments and rating scales with biological markers of disease 
activity and findings from imaging and neurophysiological assessments. Each MND case demonstrates 
the same pathology and ultimately a similar death from respiratory failure as a result of muscle 
weakness.  
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Key points: 

• MND will be used as the general model for progressive neuromuscular disease in this section. 

• In MND, it is difficult to predict when respiratory muscle involvement will occur. 

• A proportion of patients develop early sleep-related hypoventilation, independent of respiratory 
muscle weakness. 

• There is a high incidence of sleep related hypoventilation in MND, which in turn impacts on quality 
of life and is an independent predictor of survival. 

• There are no reliable markers of disease progression in MND and median survival is only 2 to 3 
years from initial diagnosis. 

 

 

2.3.2 RESPIRATORY ASSESSMENT AND SCREENING IN MND 
Recognition of respiratory muscle weakness and nocturnal hypoventilation facilitates appropriate and 
timely discussion regarding ventilatory support. Thus appropriate assessment of respiratory function in 
an individual with MND is important, particularly given that the course of MND commonly ends in 
respiratory failure. The assessment consists of the evaluation of symptoms and signs, pulmonary 
function testing of respiratory muscle strength and evidence of nocturnal hypoventilation. 

The evaluation of symptoms relating to respiratory muscle weakness (RMW) and sleep disordered 
breathing (SDB) is important to identify patients who may benefit from intervention with NIV. Patients 
with asymptomatic impairment of respiratory function are associated with higher failure rates using NIV 
due to poor compliance [124-126]. Conversely, in a prospective study of 22 patients with MND 
addressing the indications for and effect of NIV on quality of life, the best predictor of compliance and 
benefit from NIV was the presence of orthopnoea [127]. Thus symptoms form an essential component 
in the decision to commence a trial of NIV. The main symptoms of RMW consist of dyspnoea and 
orthopnoea, whilst symptoms of SDB include sleep fragmentation, daytime hypersomnolence and 
fatigue, morning headaches and cognitive dysfunction. Respiratory symptoms are commonly noted 
when the VC has fallen to < 50% predicted, and respiratory failure is imminent when the VC is < 30% 
predicted [128]. 

A number of pulmonary function tests are used to evaluate respiratory function. There have been no 
studies addressing the frequency of interval testing to assess deterioration over time. 

 

Spirometry  

The FVC has been identified as a good overall prognostic indicator of disease progression in MND, 
and is a more accurate predictor of mortality than the neuromuscular score [129]. A VC of < 49% was 
predictive of hypercapnia in non-bulbar patients in a prospective study of 59 patients with a sensitivity 
of 90% and a specificity of 73.5% [130]. However, the FVC is not sensitive to early RMW and did not 
correlate with respiratory symptoms in a prospective study of patients with relatively preserved FVC 
(70-100%) [131]. The supine FVC was significantly lower in these patients and may be more sensitive 
in detecting early diaphragmatic weakness. This is supported by a prospective study by Lechtzin et al. 
demonstrating supine FVC as the most highly correlated predictor of diaphragmatic pressure (Pdi), 
although sniff nasal inspiratory pressure was not assessed in the study [132]. The erect – supine 
%FVC has also been used to assess RMW, and has been demonstrated to correlate with symptoms of 
orthopnoea, dyspnoea and daytime fatigue [129]. 

  

Static mouth occlusion pressure  

The maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP) are more sensitive 
to early changes in respiratory muscle strength than FVC. Difficulty in testing may cause unreliable 
results in patients with advanced disease (inability to generate sustained inspiratory or expiratory 
pressures for > 1 second) or with bulbar dysfunction (leak around the mouthpiece) [130, 133]. 
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Sniff nasal inspiratory pressure (SNP)  

This has a linear deterioration over time at a similar rate to FVC, while being more sensitive in 
detecting early RMW [133]. Whilst some studies report ease of use in patients with significant bulbar 
disease, this is conflicting with other reports that describe difficulties in testing due to mouth leak. A 
SNP < 26% in non-bulbar patients was predictive of hypercapnia with a sensitivity of 90% and a 
specificity of 73.5%, but there was no significant relationship in patients with bulbar disease [130]. SNP 
has also been shown to predict survival in MND, with a force less than 40 H2O having a sensitivity of 
97% and a specificity of 79% for death within 6 months [134].  

 

Arterial blood gases  

Hypercapnia only occurs as respiratory weakness becomes profound. It initially occurs during sleep 
with nocturnal hypoventilation and progresses to daytime hypercapnia with progressive RMW. VC, 
MIP, MEP and SNP all have predictive power for the detection of hypercapnia, however the SNP has 
greater discriminatory power. The predictive power of all tests is significantly reduced in patients with 
significant bulbar dysfunction [135]. 

  

Overnight oximetry 

Investigation of SDB can be made using overnight oximetry or polysomnography. Nocturnal hypoxia is 
recognised as a predictor of survival in MND, independent of RMW. Velasco et al. showed that a mean 
nocturnal arterial oxygen saturation of < 93% is predictive of a dramatically shortened mean survival 
time of less than 6 months [122]. Thus regular assessment of nocturnal saturations has been 
recommended to guide initiation of NIV in MND, given that the first signs of hypoventilation can occur 
during sleep, and that symptoms relating to SDB appear insidiously. Nocturnal pulse oximetry has 
been shown to be a sensitive indicator of early respiratory insufficiency and that this can occur despite 
relatively normal lung function [83, 136]. Interpretation of nocturnal pulse oximetry is not standardised, 
but should be based on time spent with SpO2 <90%, the value of mean SpO2, visual analysis of graphs 
and number of episodes of desaturation [137]. Screening of patients with nocturnal pulse oximetry 
alone appears sufficient to detect early respiratory insufficiency. It is also non invasive and can be 
performed in an outpatient setting, which can be more efficient and timely than inpatient assessment. 

 

Polysomnography  

Formal polysomnography (PSG) demonstrates hypoventilation secondary to RMW. The incidence of 
co-existent OSA is low although has been described [135]. This may be in part due to insufficient 
negative intrathoracic pressure being generated to cause upper airway obstruction [135]. Formal PSG 
has also shown disrupted sleep architecture in patients with MND, with reduced total sleep time, 
reduced proportion of REM and SWS with an increase in stage 1 sleep and arousal index. In a study 
addressing the relation between health related quality of life (HRQoL) and PSG and tests of RMW, the 
relation between PSG indices and HRQoL were weaker and less consistent than those of respiratory 
muscle function [121]. Respiratory muscle strength testing with SNP has been shown to correlate with 
indices of sleep disturbance, but no significant correlation was observed with %VC and MIP [135]. 
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Key points: 

• Patients experiencing symptoms relating to respiratory muscle weakness (especially orthopnoea) 
and sleep disordered breathing are likely to benefit most, and be more compliant with NIV. 

• VC < 49% is predictive of hypercapnia in non-bulbar MND patients. 

• Patients may have respiratory symptoms at relatively preserved VC (70 to 100%). 

• MIP and MEP are more sensitive to early changes in respiratory muscle strength than VC. 

• In the absence of significant bulbar dysfunction, whilst VC, MIP, MEP and SNP all have predictive 
power to detect hypercapnia, SNP has the greatest power for the detection of hypercapnia. 

• In MND, mean overnight oximetry of SpO2 < 93% is predictive of a mean survival time of less than 6 
months. 

• In MND, SNP < 40 cmH2O has a sensitivity of 97% and a specificity of 79% for death within 6 
months. 

• SNP testing correlates with indices of sleep disturbances. 

 

 

2.3.3 OUTCOMES 
The potential benefits of NIV include improvements sleep quantity and quality, cognition and daytime 
sleepiness, overall HRQoL and survival. However, the negative impacts of this treatment need to be 
borne in mind, including physical discomfort, the intrusiveness of NIV and cost. There is also the 
potential for NIV to prolong life in the setting of an intolerable disease burden, adding to the already 
high workload for the caregiver and consequently impacting negatively on their quality of life. 

Respiratory muscle function is an important determinant of HRQoL in MND [121], possibly more than 
overall MND severity [138], and represents a key predictor of survival [134]. It has also been shown 
that RMW is a much more important factor in determining HRQoL than any measure of sleep 
disordered breathing [121]. Several studies have examined the effect of NIV on HRQoL and have 
shown clinically and statistically significant benefit. Particular improvements have been demonstrated 
in measures of vitality, mental health and role emotional domain in the Short Form 36 (SF-36) [139, 
140] and in all domains of the Chronic Respiratory Disease Questionnaire (CRQ), especially fatigue 
and mastery [139, 141]. Importantly, this improvement in HRQoL appears to be maintained, at least in 
the medium term [139], and may be related to improved daytime cognition, with statistically significant 
increments in measures of memory and executive function being demonstrated in one study [142]. The 
literature also demonstrates improvement in symptoms of fatigue, sleep quality, and headaches [28, 
127]. 

Earlier uncontrolled studies suggested that NIV may prolong survival in patients who tolerated this 
treatment compared to those who did not [127, 143]. However, the role of NIV remained unclear until a 
randomised controlled study by Bourke et al [139]. The authors randomised 41 patients with MND with 
either orthopnoea associated with a maximum inspiratory pressure of < 60% predicted or daytime 
hypercapnia, to receive NIV or to a control group. Patients were divided into two groups - normal to 
moderate bulbar dysfunction, and severe bulbar dysfunction. This study demonstrated a statistically 
significant median survival benefit of 205 days (p=0.006) in those subjects without severe bulbar 
disease. This result was, however, significantly influenced by 6 patients in the control group who died 
very early, within 2 weeks of randomisation. Importantly, there was no survival advantage found in the 
group with severe bulbar dysfunction. 

Mustfa et al have studied the potential added load that NIV may place on caregivers [144]. In this 
study, no impact of NIV was seen on most aspects of caregiver quality of life and NIV did not 
significantly increase caregiver burden or stress.  

In summary, although all studies are limited by the small numbers of patients involved and some by 
their lack of an adequate control group, the vast majority strongly support the role of NIV in MND. 
Improvements in most aspects of HRQoL are sustained for meaningful periods of time, regardless of 
deterioration in muscle weakness, which might be expected to counter any positive effects NIV confers. 
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Uncontrolled studies have also hinted at an improvement in survival with NIV and the single 
randomised controlled trial has confirmed this improvement. The greatest benefit of NIV appears to 
occur in those with orthopnoea or symptomatic hypercapnia. Patients with severe bulbar weakness 
demonstrated poorer compliance and less overall benefit. 

 

Key points: 

• Respiratory muscle weakness is a much more important factor in determining HRQoL than any 
measure of sleep disordered breathing. 

• Over the medium term, NIV improves measures of vitality, mental health and role emotional 
domain (SF36) and all domains of the Chronic Respiratory Disease Questionnaire, especially 
fatigue and mastery. 

• Improvements in HRQoL have been attributed from NIV improving daytime cognition, memory and 
executive function, symptoms of fatigue, sleep quality and headaches. 

• NIV increases survival in patients with MND with normal to moderate bulbar dysfunction. 

 

 

2.3.4 INDICATIONS FOR NON-INVASIVE VENTILATION 
The aim of commencing NIV in patients with MND is to provide treatment that will optimise quality of 
life. The continual monitoring of symptoms and respiratory function have been the guide for clinicians 
to commence NIV [145], however, there are no clear guidelines to define the optimal timing. 

Timing of referral for respiratory assessment and monitoring 

At presentation, the patient should be referred for baseline respiratory function testing [146]. This 
ideally should occur prior to the patient developing symptoms such as dyspnoea, orthopnoea or sleep 
disordered breathing. The following information should be obtained at baseline and assessed at 
regular intervals [29, 146]: 

i) Respiratory function testing 

- VC (erect and supine) 

- SNP 

- MIP and MEP 

- Serum bicarbonate 

- Oximetry 

ii) Ongoing clinical review every 3-6 months either through a Respiratory Failure/Ventilation clinic or 
Respiratory/Sleep specialist. 

- Dyspnoea / Orthopnoea 

- Sleep disordered breathing 

Based on the worsening of these serial measurements, considerations of when to commence NIV can 
be discussed. This information may also allow the clinician to establish the patient on NIV prior to the 
commencement of significant orthopnoea, dyspnoea or sleep disordered breathing, or to ensure that 
the commencement of NIV is not excessively delayed. 

 

Timing of NIV commencement 

In clinical practice, tolerance and efficacy of NIV is extremely variable in this group of patients. Bourke 
and colleagues attempted to examine the optimal criteria for initiating NIV and potential predictors of 
efficacy in a group of 22 MND subjects [127]. They demonstrated that the presence of orthopnoea was 
the best predictor of benefit and compliance with NIV, with 9 out of 11 patients continuing with NIV after 
the initial trial with a large improvement in HRQoL and excellent compliance. Daytime hypercapnia and 
nocturnal desaturation also predicted benefit but were less sensitive factors. Sleep related symptoms 
proved less sensitive still and an isolated AHI> 10 was unhelpful as a predictor of tolerance and 



CHAPTER 2.3   Rapidly Progressive Neuromuscular Disorders 
 

33 

efficacy. Patients without symptoms were poorly compliant. In addition, moderate or severe bulbar 
weakness was associated with poorer compliance and less improvement in HRQoL than those with no 
or mild bulbar weakness. It would therefore appear reasonable to consider ventilation particularly in 
patients with orthopnoea or symptomatic hypercapnia, being conscious that patients with bulbar 
dysfunction may be limited in their tolerance and benefit from NIV. 

 

 

2.3.5 IMPLEMENTATION AND TITRATION OF NIV 
As previously discussed, nocturnal ventilation is used in patients with motor neurone disease to 
improve symptoms and quality of life [139]. Although survival is also improved in those with normal or 
only moderately impaired bulbar function, it is still often less than 12 months from presentation with 
symptoms [139]. Therefore, initiation and titration of nocturnal ventilation guided by symptoms rather 
than PSG variables or the presence of awake hypercapnia is justified. 

 

Key points: 

• Indications, implementation and titration of NIV in MND should be guided by symptoms, particularly 
those of orthopnoea or symptomatic hypercapnia. 

• Patients with moderate to severe bulbar dysfunction may be limited in their tolerance and benefit 
from NIV. 

 

 

2.3.6 FOLLOW-UP AND ANCILLARY CARE 
After initial acclimatisation to non-invasive ventilation the following should be performed and assessed: 

i) Clinical review of patient within 1-2 months to determine compliance and response to therapy. 
Changes in symptoms and sleep quality should be documented. 

ii) Ongoing clinical review every 3-6 months either through a Respiratory Failure/Ventilation clinic or 
Respiratory/Sleep specialist. 

iii) Therapy should be used at least 4 hrs/day but less than 18hrs/day. If >18hrs/day of use is 
occurring, the management of the patient should follow the guidelines outlined for continuous 
ventilatory support (See Nocturnal to Continuous Ventilatory Support section). 

iv) Assessment of cough and swallowing and the implementation of techniques to assist any 
deficiencies identified. 

v) Ensure discussions regarding alternate feeding options have been undertaken. 

vi) Overnight PSG or nocturnal respiratory monitoring should be performed at the discretion of the 
treating team based on the patient’s clinical progression, problems and blood gas levels. 

vii) The patient should be highly encouraged to contact a local supportive association, e.g. Motor 
Neurone Disease Association of NSW. 

viii) If the patient develops bulbar dysfunction or if blood gases cannot be controlled non-invasively or 
there are insurmountable interface problems, nocturnal ventilatory support via a tracheostomy 
needs to be discussed (See Role of Tracheostomy, later in this section). 

 

Once a patient with progressive neuromuscular disease has been established on treatment the 
following should occur: 

i) Annual electrical safety checks or as per manufacturers instructions.  

ii) Written information regarding client responsibilities with respect to the care and maintenance of 
the equipment, and the need for regular clinical review to ensure benefit from therapy and identify 
changes to treatment that need to occur. 
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iii) Regular clinical review either by the service that established therapy or an appropriately trained 
sleep or respiratory physician closer to home. This should include checking of filters and 
mask/tubing as well as confirming machine settings remain as documented. Arterial blood gases 
and weight should be measured periodically at the discretion of the treating service or physician. 
When it becomes difficult for patients to attend outpatient appointments, home visits by clinicians 
should be encouraged. 

iv) Clear documentation of current settings should be provided to the patient to keep with the 
machine. 

v) Written information for the patient explaining hypoventilation syndromes and the implications for 
surgery, sedative procedures or uncontrolled oxygen therapy. Also, the patient and relatives 
should be instructed to bring in their NIV equipment if they are admitted for either planned or 
unplanned admissions. 

vi) Establish initial and ongoing discussions regarding the patient’s wishes with respect to medical 
management in case of acute deterioration, need for tracheostomy and end-of-life care issues. 

vii) Regular 3-6 monthly review by clinic or specialist sleep/respiratory physician to trouble-shoot 
equipment problems, identify disease progression or a change in the patient’s circumstances.  

viii) If the patient is requiring ventilatory support more than 18 hrs/day, a reassessment of equipment 
needs and re-categorisation to continuous ventilator dependent status should occur. If the 
patient wishes to continue non-invasive ventilatory support, training with a mouthpiece should be 
undertaken. 

ix) Arrange a multidisciplinary review, including speech therapy, physiotherapy, occupational therapy 
and dietitian to ensure adequate swallow, nutritional status, mobility aids and home care 
management. 

x) Review of the patient’s domiciliary circumstances and refer to additional services as deemed 
appropriate. 

xi) Training of carer’s regarding secretion clearance techniques should be undertaken (See Secretion 
Management Section). 

xii) Management plan and back up systems in case of power supply loss or machine breakdown for 
patients using NIV >18hrs/day. 

 

 

2.3.7 SPECIFIC ADVANCED CARE INITIATIVES IN MND  
Specific advanced care initiatives in MND include: 

• Role of Tracheostomy 

• Role of Carers 

• Special circumstances (PEG, intercurrent acute non-respiratory illness) 

• Role of the multidisciplinary Clinic 

• End of Life determinations  

 

Role of Tracheostomy  

There is a limited evidence base for determining the role of tracheostomy and, therefore, permanent 
ventilation in the setting of MND. The timing of the formation of an end-tracheostomy has not been 
determined, and there is no current published data to help in the derivation of guidelines for physicians 
to determine patient characteristics which may best select those who may benefit. There is not a single 
prospective randomised study into the role of TIPPV (tracheostomy-intermittent positive pressure 
ventilation) and only limited studies to ascertain the benefits in terms of HRQoL measures and survival 
improvements. These studies can only be compared to historical cohorts further diminishing their 
power in any analysis of value [147-149]. 
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The current published papers have been reviewed for their contribution in the area albeit that their 
supportive level of evidence is low and should be considered as such with some caution. In essence, 
TIPPV offers longer survival but a significantly greater burden of care and cost to the patient and/or 
community. HRQoL improvements as determined by NIV are not inferred by TIPPV to an equivalent 
degree and perceived dissatisfaction with treatment outcomes is greater. Issues related to placement 
and ongoing care of an individual with a tracheostomy and deteriorating physical function needs to be 
clearly discussed. 

 

Carer’s Role 

In a study from the US [28], fewer than 10% of MND patients had chosen home ventilation, and fewer 
than 5% were still on it. Family caregivers report major burdens despite the fact that the patients 
reported satisfaction with the therapy. Patient satisfaction is least in those receiving permanent 
ventilation in emergent circumstances despite survival advantages. Carer burden is considerably less 
and satisfaction considerably greater in the group selected for elective NIV or those self-selecting for 
non-ventilatory support [144]. The burden to the carers should be considered with significant weight in 
determining the progression to TIPPV. The burden of care and expense is considerably greater in 
TIPPV as a consequence of prolonged survival in the patients receiving long term TIPPV. 

 

Special Circumstances 

The role of NIV/TIPPV in the setting of PEG insertion and/or acute non respiratory illness is very poorly 
determined. There is a single uncontrolled, retrospective experience with 33 consecutive patients 
described for PEG tube insertion using non-invasive positive pressure ventilation and oxygen support 
[150]. Patients with %FVC < 50% are at increased risk for morbidity from the procedure although, 
mean survival was 211 days. Sixty seven percent survived more than 180 days. Forced vital capacity 
at the time of PEG placement did not predict survival. 

There are currently no data to describe the role of peri-operative or post operative NIV in MND patients 
presenting with non-respiratory disease requiring emergent surgery (e.g. Cholelithiasis, appendicitis 
etc). A case by case determination is required to ascertain the relative risk of death from sepsis or 
painful co-morbidity for conditions left unattended versus the risk of remaining intubated permanently 
post procedure. The decision should be explained fully to the patient and carers and will invariably 
require ICU post anaesthetic. 

 

Role of the Multidisciplinary Clinic 

Concentrating large numbers of patients in MND clinics allows the accumulation of resources and 
clinical expertise in the management of this disorder. The team usually involves a neurologist, 
specialist nurse, physiotherapist, occupational and speech therapist, social worker, respiratory 
physician and dietitian. The effectiveness of Multidisciplinary clinics versus General Neurology clinics 
has been shown to improve survival MND patients. MND patients in Specialised Clinics live an average 
of 7.5 months longer and 1 year mortality can be reduced by nearly 30% [151]. This benefit is more 
pronounced in the bulbar onset group of patients. MND patients attending general neurology clinics 
were reviewed less frequently, and consequently it was found that less attention was given to the early 
introduction of NIV and percutaneous gastrostomy feeding. 

 

Referral to Palliative Care 

All patients with MND should be referred to palliative care services to ensure a whole-person approach 
to care that is local and supplements primary care with expertise in symptom control and (later on) end 
of life care [29]. Depending on the resources available, referral should be made to a specialist palliative 
care team before reaching the advanced stages of MND [29] (i.e. prior to the development of 
respiratory muscle weakness [146]). (Refer to Chapter 9, for further information on palliative care and 
end-of-life issues for patients on domiciliary NIV). 
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End of Life Determination 

Several studies of multidisciplinary referral patterns and Clinic processes have been published across 
different cultures [152, 153]. Clearly, there is significant variability in the determination of criteria for 
establishing the onset of respiratory failure as well as differences between Clinics as to the most 
appropriate modality of therapy and the way in which choices are given to prospective ventilation 
subjects. Those who had complete advance care directives are more likely to have communicated their 
preference to stop LTMV to family and physician than those who have not (76% versus 29%; p=0.05) 
[154]. An advanced care directive should be sought from ALL patients attending a MND Clinic to be 
considered for contingencies which also include the non-respiratory life-threatening but reversible 
conditions for which NIV may serve a role. 

The clear distinction in terms of the burden to carers between long-term NIV and TIPPV should be 
clearly explained at the outset to both patient and carers. The financial cost should also be explained 
for consideration given the high likelihood of institutionalisation and the obvious level of dissatisfaction 
and depression evident in those who cannot be cared for at home. NIV, in this setting, should be 
considered for those patients deemed suitable and should be considered both as a long term 
proposition for survival advantage as well as a palliative tool to relieve symptomatic dyspnoea. 

 

Key points: 

• Due to rapid disease progression, regular monitoring should occur. Clinicians, patients and carers 
should remain vigilant to any potential changes in symptoms and either initiate pre-determined care 
plans or seek further assessment / referral.  

• There should be regular assessment of cough and swallowing, and training of carers regarding 
secretion clearance techniques. 

• Hours of ventilator usage should be carefully monitored and recorded. When ventilator usage 
begins to approach 18 hours a day, the patient is classified as being continuously ventilator 
dependent. 

• Multidisciplinary review and management is required. 

• Initial and ongoing discussions regarding the patient’s wishes with respect to medical management 
in case of acute deterioration, need for tracheostomy and end-of-life care issues, need to be 
established. 

• Whilst tracheostomy offers longer survival, it is associated with significantly greater burden of care 
and cost to the patient, carer and / or community. 
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RECOMMENDATIONS FOR RAPIDLY PROGRESSIVE NEUROMUSCULAR DISEASE Grade 

Patients with MND are recommended to have 3 monthly clinical evaluation to monitor 
for symptoms and signs of respiratory and sleep complications. D 

All symptomatic patients should have evaluation of respiratory muscle strength with 
complex lung function tests and screening nocturnal pulse oximetry. D 

Sniff nasal inspiratory pressure and overnight oximetry are the initial investigations of 
choice for the assessment of early respiratory muscle compromise and nocturnal 
hypoventilation. 

D 

A diagnostic polysomnogram should be reserved for patients in whom co-existent upper 
airway obstruction is suspected on clinical grounds with inconclusive nocturnal oximetry. D 

The institution of NIV is recommended in patients with respiratory muscle weakness 
associated with orthopnoea, hypercapnia or symptomatic sleep hypoventilation (sleep 
fragmentation/ daytime hypersomnolence/ morning headaches and cognitive 
dysfunction). 

B 

While MND patients with significant bulbar dysfunction should still have the option to 
trial NIV, it should be recognised that this group of patients may have reduced tolerance 
to and derive less benefit from NIV. 

B 

The progression to tracheostomy intermittent positive pressure ventilation (TIPPV) 
should be made on an individual basis, weighing the longer survival advantage with a 
significantly greater burden of care and cost to the patient, carer and/or community and 
recognising that HRQoL improvements associated with the use of NIV may not be seen 
with TIPPV to an equivalent degree. 

D 

The elective commencement of NIV is preferred over non-elective TIPPV despite the 
improved survival advantage. D 

The use of NIV during, and/or after, the elective insertion of PEG feeding tubes in 
patients with demonstrable respiratory compromise should be considered. D 

Patients with MND should be managed in a multidisciplinary clinic as this improves 
survival and HRQoL, and facilitates earlier uptake of interventions including NIV and 
PEG insertion. 

D 

An advanced care directive should be sought from ALL patients. D 
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CHAPTER 2.4     CHEST WALL DISORDERS 
 

MARY DUNFORD, ANDREW NG & DANIEL FLUNT 
 

 

2.4.1 BACKGROUND 
Chest wall disorders include kyphoscoliosis, post-tuberculous sequelae, ankylosing spondylitis, 
previous major chest wall surgery and limitation of chest expansion related to trauma. These disorders 
produce abnormal configurations of the thoracic cage and, if severe, can significantly decrease chest 
wall compliance as well as lung compliance, primarily due to the reduced lung volumes [155]. Severe 
thoracic wall deformities cause a restrictive defect resulting in a reduction in TLC, FRC, residual 
volume and vital capacity [155]. These changes lead to a pattern of rapid shallow breathing which 
minimises the work of breathing, but increases dead space ventilation and reduces alveolar ventilation. 
In addition to this, deformities of the rib cage may also lead to changes in the length and orientation of 
the inspiratory and expiratory muscles resulting in impairment of diaphragmatic function [156] and 
pressure generating capacity of the other respiratory system muscles, particularly in scoliosis and after 
thoracoplasty [155]. Of note, if the thoracic wall deformity develops before the age of 4 to 5 years, the 
formation of the normal number of alveoli will be impaired [157], which may predispose the individual to 
the development of earlier respiratory failure. 

Whilst respiratory drive is intrinsically normal in these conditions, hypercapnia develops when the 
muscles of respiration cannot provide adequate alveolar ventilation. This occurs when the force that 
can be exerted by the respiratory muscles is outweighed by the demands of the extra load of the poorly 
compliant respiratory system [75]. In these patients, significant hypoventilation initially occurs in REM 
sleep where there is reduced muscle activity to support their high work of breathing, before progressing 
to non-REM and ultimately diurnal respiratory failure [75]. In addition, patients may also develop 
atelectasis, further worsening hypoxaemia as their chest wall volume and compliance worsens with 
age. This chronic respiratory failure puts the patient at risk of premature death [158].  

Many studies have combined the diagnostic groups of mechanical chest wall disorders and 
neuromuscular disorders which fall under the umbrella term of chest wall restriction. In this section we 
will be concentrating on the chest wall restriction based on mechanical syndromes [159] such as 
kyphoscoliosis, thoracoplasty and ankylosing spondylitis, as shown in Table 5. The majority of the 
studies in this category have focused on kyphoscoliosis, post-tuberculosis or post-poliomyelitis 
sequelae, most likely due to the fact that some other chest wall deformities in isolation do not appear to 
have important effects on ventilatory apparatus (e.g. pectus excavatum and pectus carinatum) and that 
ankylosing spondylitis rarely causes severe respiratory failure [75], as TLC and FRC are not reduced 
[160]. Chest wall restriction secondary to neuromuscular disease has been covered in an earlier 
section and obesity related respiratory failure (a reversible chest wall restriction) is also covered 
separately.  
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Table 5: Risk of developing ventilatory failure in chest wall disorders secondary to mechanical 
syndromes (adapted from [155]) 

Low Risk High Risk 

Pectus Carinatum  Thoracoplasty 

Pectus Excavatum  Scoliosis 

Ankylosing Spondylitis  Post - Poliomyelitis 

 
Key points: 

• Mechanical chest wall disorders result in significant alterations in chest wall mechanics, leading to 
hypoventilation in REM sleep initially, progressing to non-REM sleep and eventually causing 
diurnal hypoventilation. 

• There is a wide variety of mechanical chest wall disorders and their impact on ensuing respiratory 
failure being dependent on degree of deformity and age of onset. 

• Chronic respiratory failure puts patients with chest wall disorders at risk of premature death. 

 

 

2.4.2 BASIC INVESTIGATIONS & MEASUREMENTS PREDICTING RESPIRATORY FAILURE 
Basic information, investigations and measurements required when assessing for respiratory failure in 
mechanical chest wall disorders [106]:  

i) A physician with skills and experience in NIV must establish and document an appropriate 
diagnosis on the basis of history, physical examination, diagnostic tests and assure 
optimal treatment of other underlying disorders 

ii) Full lung function tests, with high index of suspicion when: 

1. Vital capacity < 45 - 50% predicted [106, 161, 162] or < 1.0 to 1.5 L [75] or 

2. MIP < 60 cmH2O [106, 162] 

iii) Room air oximetry at rest and functional exercise. Baseline SpO2<94% or significant 
desaturation and/or dyspnoea on exercise should be investigated.  

iv) Arterial blood gases (ABGs) looking for evidence of chronic respiratory failure 
(hypercapnia with bicarbonate retention). However, evidence of nocturnal hypoventilation 
preceding day time blood gas derangements is adequate to commence positive pressure 
treatment [75]. 

v) Full diagnostic polysomnography including carbon dioxide monitoring and comparison of 
afternoon and morning ABGs. Also to assure optimal treatment of other underlying 
disorders such as excluding and/or treating associated obstructive sleep apnoea if 
clinically indicated [106]. 

vi) Evidence of right heart failure or polycythaemia, secondary to recurrent nocturnal 
hypoxaemia [155]. 

vii) Moderate (or greater) pulmonary hypertension 
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The severity of pulmonary impairment cannot be inferred to a clinically useful extent from the angle of 
scoliosis alone [163]. However, assessment of the development, extent and location of the curvature 
can provide some information: 

i) Magnitude of the restrictive disorder seems to be related to the severity of the deformity 
but in some circumstances reduced VC has been found in patients with mild scoliosis. 
Onset of respiratory complications have been noted at spinal curvatures of less than or 
equal to 30 degrees, where it was concluded that it was respiratory muscle strength which 
is the more important determining factor [164]. However, as spinal angles < 50 to 70 
degrees are generally associated with normal lung volumes [162], angles greater than this 
should increase the clinician’s suspicion. Serial simple lung function testing (including 
respiratory muscle testing) should be performed to track baseline pulmonary function in 
these individuals. 

ii) High thoracic scoliosis or involvement of the uppermost vertebrae [165] and scoliosis 
developing before the age of 5 years are at risk of developing respiratory failure, usually in 
their fourth or fifth decade [157]. 

iii) Thoracic kyphosis (anterior-posterior deformity), only leads to respiratory abnormalities 
during sleep if its onset is before 4 years of age, is severe, and when it occurs in the 
middle or upper thoracic spine [166]. 

 
Key points: 

• Indications for further assessment for NIV in chest wall disorders includes VC < 45 to 50% (or VC < 
1.0 to 1.5L), MIP < 60 cmH2O, resting SpO2 <94%, or evidence of signs or symptoms of sleep 
disordered breathing, hypercapnia, nocturnal desaturation, right heart failure, polycythaemia or 
pulmonary hypertension. 

• Whilst larger spinal angle deviations, earlier age of onset (< 4-5 years) and high thoracic 
involvement are associated with the potential for the development of respiratory failure, respiratory 
compromise can occur at much milder curvatures. 

 

 

2.4.3 TREATMENT OPTIONS 
Although oxygen therapy may be required either nocturnally or on a continuous basis during the initial 
stages of home mechanical ventilation therapy, oxygen therapy alone is usually ineffective in relieving 
symptoms which are caused from nocturnal hypoventilation [167]. NIV in patients with kyphoscoliotic 
ventilatory insufficiency improves daytime and night-time oxygen saturation, respiratory muscle 
performance, symptoms of hypoventilation, and quality of life [162]. The combination of NIV plus 
oxygen results in greater improvement and survival than oxygen alone [5]. It has been recommended 
that home mechanical ventilation is the first choice of treatment when there is evidence of respiratory 
failure or nocturnal hypoventilation in chest wall deformity [167, 168]. 

 
 
2.4.4 OUTCOMES OF NIV 
Survival 

In prospective studies, survival of patients with chest wall disorders (kyphoscoliosis and post-
tuberculosis patients) and respiratory failure receiving domiciliary ventilation has been shown to be 
approximately three-fold better than in those treated with long term oxygen therapy alone (with 
adjustments for age, gender, concomitant respiratory disease and blood gas levels) [168, 169]. Many 
other studies, including large cohort analyses, have also reported a significant increase in survival 
when NIV has been used to treat respiratory failure secondary to chest wall disorders [5, 6, 170]. 

The association of obstructive lung disease or concomitant respiratory disease worsens the prognosis 
of patients with kyphoscoliosis [169, 170]. Despite there being a trend in one prospective study for 
more patients with concomitant respiratory disease being treated with oxygen alone, it was shown that 
home mechanical ventilation was still far more beneficial for this sub-group with regard to survival when 
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compared to oxygen alone (ten year cumulative proportion surviving, approximately 50% versus 0%, 
respectively) [169]. 

 

Symptoms and Quality of Life 

As symptoms of dyspnoea, morning headache, morning confusion or grogginess, impaired sleep 
quality and drowsiness are common symptoms of hypoventilation, improvements are seen only with 
the use of mechanical ventilation and not oxygen therapy alone [162, 167]. 

Using the SF-36 questionnaire to monitor quality of life, significant improvements in the domains of 
physical function, physical capacity, vitality, emotional capacity and health transition were reported in 
27 patients with thoracic wall disorders (kyphoscoliosis, fibrothorax and thoracoplasty) after 
commencing NIV [171], and these differences were maintained over the 18 months of treatment. Whilst 
social function and mental capacity significantly improved at the 6 month mark, it began to diminish 
from about one year of treatment, but did not return to baseline values. Similar changes in SF-36 
domains were also noted in patients with kyphoscoliosis in another study, along with dyspnoea 
significantly decreasing after 6 months of NIV therapy and remaining that way for the duration of the 18 
month study [172]. 

Non-invasive ventilation has also been described as being less burdensome than long term oxygen 
therapy in patients with kyphoscoliosis, especially when long term oxygen therapy can be prescribed 
for 16 to 24 hours per day (and usually provided by an oxygen concentrator connected to mains 
power), whereas in the majority of patients on domiciliary ventilation it is generally only prescribed for 
nocturnal use [169], leaving them free from equipment during the day if their PaO2 allows. In addition to 
this, the personal financial cost of portable oxygen is prohibitive to the majority of patients. 

 

Physiological improvements 

Arterial blood gases 

A universal finding of all reports to date is the improvement in diurnal blood gas levels in patients with 
chest wall disorders commenced on non-invasive ventilation in pressure or volume preset modes [5, 
12, 162, 167, 172]. In these studies, there has been a general shift from using volume ventilation to 
more simplistic pressure preset devices in the category of chest wall disorders. This is most likely a 
reflection that pressure preset devices: improve arterial blood gases in the majority of cases; are 
significantly cheaper; have improved technologically to provide greater inspiratory pressures; and are 
generally adequate for patients with chest wall deformity who are not ventilator dependent. However, it 
has been noted that arterial blood gas improvements may only occur with volume ventilation in a 
subset of patients [21]. 

In a study comparing LTOT with ventilation in kyphoscoliosis (with re-evaluation periods approximately 
averaging at 10 months) when breathing room air there was no significant increase in PaO2 (50 ± 8 to 
56 ± 9 mmHg) in the LTOT group whereas there was a significant increase in PaO2 (44 ± 8 to 66 ± 9 
mmHg) in the ventilation group [5]. These significant improvements in PaO2 on room air ABGs have 
also been demonstrated in patients with restrictive thoracic disease within 2 weeks of commencing NIV 
treatment, but again not in the oxygen group [167].  

 

Respiratory muscle strength and lung function 

After commencing NIV, many authors have reported significant improvements in inspiratory muscle 
strength in patients with mechanical chest wall disorders. In patients with kyphoscoliosis, ranges of 
absolute mean MIP improvements have been reported as 44 to 57 cm H2O (33% increase) [5], 55.8 to 
78.5 cmH2O (41% increase) [162] and 42 to 72 cmH2O (83% increase) [12]. A significant 16% increase 
in percent predicted MEP has also been shown in patients with kyphoscoliosis [162]. 

A handful of studies have shown a significant increase in vital capacity after the use of NIV, with one 
study significantly correlating an increase in MIP with increases in vital capacity [5]. Small but 
significant increases in vital capacity have been reported such as 645 ± 244 mL to 830 ± 292 mL [5] 
and increased percent predicted from 37.9 ± 7.2 % to 47.5 ± 11.9 % [162]. However, other studies 
have not demonstrated any significant improvements in lung function [12, 172].  
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Decrease in hospitalisation 

Commencing patients on domiciliary ventilation for chest wall disorders significantly reduces annual 
rates of hospitalisation. In patients with restrictive chest wall disorders (majority with mechanical chest 
wall disorders), number of days spent in hospitals decreased significantly between the year before NIV 
therapy had begun (mean ± SEM, median) from 22 ± 2, 17 days to 17 ± 4, 6 days at year one, 6 ± 3, 0 
days at year two and mean range of 6 to 10 days for the next three years [6]. It has also been shown 
that in other groups of patients with mechanical chest wall disorders, the mean annual rate of 
hospitalisations significantly decreased from 1.2 - 1.52 per year, before NIV therapy to 0.8 - 0.89 per 
year, after commencing treatment [171, 172]. An absolute risk reduction rate to avoid hospitalisation in 
these patients has been calculated to be 63%, with 2 patients needing treatment to prevent one 
hospitalisation per year [171]. One study showed that in patients with kyphoscoliosis and ventilatory 
insufficiency, the number of hospitalisation days actually decreased to zero (from 10.9 ± 13.3 days per 
patient per year) after 6 months of NIV and remained at this level throughout the three year follow-up 
[162]. 

 

Compliance 

Compliance with NIV in patients with mechanical chest wall disorders appears to be very good, with 
daily usage generally being greater than other diagnostic groups [6]. Mean daily use (hours per day) 
was significantly higher in tuberculosis (TB) (9.1 ± 4.8) and post-poliomyelitis (8.6 ± 2.8) groups when 
compared the kyphoscoliosis (6.2 ± 3.0), COPD (6.6 ± 3.9) and OHS (6.2 ± 2.5) groups. Non-
compliance was set at a usage of less than 3.5 hours per day and was not a major issue with patients 
with chest wall disease. All patients in the TB group were compliant whereas non-compliance in the 
polio and kyphoscoliosis was only 10% and 17% respectively. In this study, amongst all groups, 
compliant patients were differentiated from non-compliant patients by having statistically significant 
lower MIP and MEP values. High continuation rates were also shown in another study, where only 9% 
of patients commenced on NIV for chest wall deformity secondary to TB, interrupted therapy for 
reasons other than death [168]. 

 

Key points: 

• Prospective studies show significant and substantial increases in survival when patients with chest 
wall disorders use NIV over oxygen alone. 

• NIV in chest wall disorders provides significant improvements in the domains of physical function, 
physical capacity, vitality, emotional capacity and health transition. 

• NIV in chest wall disorders universally improves diurnal blood gas levels and has also been shown 
to improve maximal inspiratory pressure measurements. 

• NIV in chest wall disorders significantly reduces annual rates of hospitalisation and number of 
hospitalisation days. 

• Due to the profound symptomatic improvements with the use of NIV in appropriately selected 
patients with chest wall disorders, compliance rates are greater than most other diagnostic 
groups. 
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2.4.5 INDICATIONS FOR NIV 
Indications for usage include nocturnal hypercapnic symptoms with/without daytime hypercapnic 
symptoms generally with physiologic criteria [16, 106]: 

i) symptoms & signs (shortness of breath during activities of daily living; orthopnoea in 
patients with disordered diaphragmatic dysfunction; poor sleep quality: insomnia, 
nightmares and frequent arousals; nocturnal or early morning headaches; daytime fatigue, 
drowsiness & sleepiness, loss of energy; decrease in intellectual performance; loss of 
appetite & weight loss; appearance of complications: e.g. respiratory infections; clinical 
signs of cor pulmonale) 

AND 

ii) Clinical diagnosis which involves significant chest wall abnormality and reduced lung 
volumes or inspiratory muscle pressures 

AND 

iii) Awake PaCO2 ≥ 45 mmHg  

OR 

Evidence of nocturnal hypoventilation on PSG with repetitive or sustained falls in SpO2, 
rises in transcutaneous carbon dioxide or evening to morning PaCO2 increase ≥ 8 mmHg 
or overnight TcCO2 / ETCO2 > 50mmHg for more than 50% of TST. 

 

 
Figure 2: Slow recording of SpO2 and TcCO2 on a diagnostic sleep study in a patient 

with kyphoscoliosis. Modified from [12]. 

 

OR 

Nocturnal oximetry demonstrating oxygen saturation ≤ 88% for 5 consecutive minutes  

iv) Exclusion of OSA alone (i.e. patient has no evidence of hypoventilation). If significant OSA 
is present, a CPAP titration should be undertaken to determine if this therapy is 
appropriate to normalise breathing and gas exchange. 
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2.4.6 IMPLEMENTATION 
In clinical practice, NIV is initiated either electively or in the context of acute ventilatory failure. In the 
latter circumstance, long-term necessity of NIV should be re-evaluated after weeks/months of 
commencement since the indications for NIV may change as the clinical conditions improve or not [16]. 
In the case of highly selected stable patients with chronic nocturnal hypoventilation and modest 
daytime hypercapnia (PaCO2 ≤ 49 mmHg), comparable results have been seen for inpatient and 
outpatient acclimatisation of NIV [84, 86]. In other cases, initiation should take place where clinical 
expertise is available for monitoring and support (e.g. in-patient acclimatisation). 

Mask choice primarily relies on what is effective, comfortable, safe and, ease of removal and 
application. However, due to the relatively high peak pressures that are usually delivered, careful 
attention needs to be paid to mask and mouth leak, especially when a nasal mask is used [19], and 
acclimatisation to optimal pressures may take some time.  

Either pressure or volume-preset ventilation is likely to be effective [21, 173], with a randomised 
crossover study comparing pressure and volume non-invasive ventilation in chest wall disorders 
showing no significant difference in sleep quality, daytime arterial blood gases, lung mechanics, 
ventilatory drive, health status or daytime functioning [18]. However, in an open non-randomised study 
which compared volume versus pressure controlled ventilation in a heterogeneous group of patients 
with respiratory failure, Schonhofer and colleagues [21] identified a subgroup of patients (33%) that 
failed pressure ventilation after a one month trial after being successfully established on volume 
ventilation. These patients were only effectively treated and demonstrated arterial blood gas and 
symptom improvement when placed back on volume ventilation. Whilst the group was heterogeneous, 
the majority had respiratory failure secondary to chest wall restriction.  

Whilst volume and pressure limited NIV have been shown to have similar effects on gas and exchange 
and sleep quality in patients with hypercapnic chronic respiratory failure, due to positive pressure 
devices being significantly cheaper [6] and associated with less gastrointestinal side effects than 
volume ventilators [19], current practice dictates that pressure preset devices are usually trialled first 
when acclimatising patients who are in respiratory failure secondary to mechanical chest wall 
disorders.  

 
Key points: 

• Long term necessity of NIV in chest wall disorders should be evaluated in a clinically stable state 
and initiation should occur with intensive monitoring and support (e.g. inpatient acclimatisation). 

• Both pressure and volume preset NIV are likely to be as equally effective in chest wall disease, but 
there is a subset of patients which may demonstrate the need for volume ventilation if adequately 
titrated pressure-preset fails to significantly improve diurnal hypercapnia. 

 

 
2.4.7 TITRATION OF NIV 
 

i) Establish that the problem is not one of upper airway obstruction alone that would respond 
effectively to CPAP. This could be determined from the diagnostic sleep study by the 
pattern of desaturation and recovery, especially in REM sleep. Likewise, as part of the 
pressure titration, the titration could commence in CPAP mode to abolish frank apnoeas. 
Where hypopnoeas or sustained falls in SpO2 persist, or a rise in CO2 occurs, a switch to 
bi-level support should occur. 

ii) Titrate EPAP to prevent UAO. Inspiratory pressures up to 25 cm H2O may be required to 
prevent hypoventilation [75, 162]. Some patients, independent of BMI, may have upper 
airway obstruction due to torsional influences of their scoliotic chest wall on their upper 
airway [174].  

iii) If the patient is unable to trigger the device consistently, especially in REM sleep, despite 
efforts to minimise leak, and optimise trigger sensitivity where available, the mode should 
be changed from spontaneous to spontaneous-timed. The initial rate may be based around 
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quiet and relaxed wakefulness when on the spontaneous mode. If required, a set rate 
between 15 to 25 has been suggested [162]. 

iv) If the mean oxygen saturations remain ≤88% for >30% total sleep time [175], supplemental 
oxygen should be added. Long term supplemental oxygen is rarely required unless PaO2 
cannot be normalised [75]. 

v) Post 3 month review, if REM hypoventilation cannot be controlled with a pressure preset 
machine at best settings, a trial of volume ventilation needs to be undertaken. This should 
occur at a centre which has experience and expertise with volume preset ventilation. 

 

Key points: 

• Ensure IPAP-EPAP difference is adequate enough to move the stiff chest wall 

• In the absence of leak, if patient flows are insufficient to trigger in the spontaneous mode during 
sleep, trial a spontaneous-timed mode. 

• If sleep disordered breathing is predominately related to upper airway obstruction alone, a 
treatment trial with CPAP is indicated. 

 

 

2.4.8 FOLLOW UP CARE AND ANCILLARY CARE 
After successful initiation of NIV a home trial of therapy should be arranged. Monitoring should take 
place within weeks/months if commenced acutely. Otherwise a review in the sleep laboratory should 
occur at three months measuring: compliance (> 4 hours per night); awake arterial blood gases; 
symptoms and problems with therapy. The full PSG or nocturnal respiratory monitoring (including SpO2 
and leak) is performed to check the appropriateness of the settings and the continued need for long 
term oxygen therapy.  

After this initial review, further clinical reviews should be performed by a Sleep Physician / Respiratory 
Physician or Respiratory Failure clinic every 6 to 12 months [16] depending on patients primary 
condition and response to therapy. At any time, when there are indications of unsatisfactory results like 
the recurrence of clinical symptoms or awake blood gases deteriorate despite clinical stability (e.g. 
absence of recent pulmonary infection) and adequate compliance, then inadequate ventilation must be 
suspected and objective evaluation during sleep must be undertaken [16].  

The role of pulmonary rehabilitation to improve exercise tolerance should also be addressed. Non-
invasive ventilation may also be used during rehabilitation where it has been shown that pressure 
support (“IPAP-EPAP difference”) of ≥19 cmH 2O can significantly ameliorate breathlessness [176, 
177], increase alveolar ventilation [176] and consequently improve exercise endurance in patients with 
severe mechanical restrictive thoracic diseases [176, 177]. 

Referral to a home respiratory program where available is suggested. Depending on clinical 
circumstances and progression, further referrals to allied health and palliative physicians are 
suggested. 

 
Key points: 

• After initiation of NIV, a review sleep study should occur at three months, followed by reviews 
every 6 to 12 months. 

• Compliance is deemed adequate at > 4 hours per night 

• Patients should attend pulmonary rehabilitation and use NIV during training periods which can 
consequently improve exercise endurance. 
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RECOMMENDATIONS FOR CHEST WALL DISORDERS Grade 

Individuals with vital capacity < 50% predicted (or 1.0 to 0.5L), MIP < 60 cmH2O, or 
awake baseline SpO2 < 94% are at risk of nocturnal desaturation. Overnight oximetry 
should be undertaken in these individuals. Polysomnography should be performed 
where there are concomitant signs and symptoms of sleep disordered breathing. 

C 

Where there is no overt sign of respiratory compromise, serial VC and respiratory 
muscle testing should be performed to track baseline pulmonary function in these 
individuals.  

D 

NIV in patients with respiratory insufficiency from chest wall disease provides greater 
physiological and symptomatic relief over oxygen alone. NIV should be trialled in all 
patients with chest wall disorders with evidence of nocturnal hypoventilation. 

C 

NIV is indicated if daytime PaCO2 ≥ 45 mmHg, there is a rise in a carbon dioxide 
measure of ≥ 8mmHg between evening and morning, or if nocturnal oximetry 
demonstrates oxygen saturation ≤ 88% for 5 consecutive minutes. 

D 

Initiation should occur where clinical expertise is available for monitoring and support 
(preferably inpatient acclimatisation). D 

In the absence of leak, if patient flows are insufficient to trigger in the spontaneous 
mode during sleep, trial a spontaneous-timed mode. D 

If mean oxygen saturations remain ≤ 88% for >30% total sleep time, supplemental 
oxygen should be added. D 

Both pressure and volume preset ventilation is likely to be equally effective in chest wall 
disease, but there is a subset of patients which may demonstrate the need for volume 
ventilation if adequately titrated pressure-preset fails to significantly improve diurnal 
hypercapnia. 

C 

Compliance is deemed adequate at > 4 hours per night. D 

Monitoring should take place within weeks/months if commenced acutely, otherwise a 
review in the sleep laboratory should occur in three months. After this initial review, 
further clinical reviews should be performed by a Sleep Physician / Respiratory 
Physician or Respiratory Failure clinic every 6 to 12 months. 

D 

At any time, when there are indications of unsatisfactory results like the recurrence of 
clinical symptoms or awake blood gases deteriorate despite clinical stability (e.g. 
absence of recent pulmonary infection) and adequate compliance, then inadequate 
ventilation must be suspected and objective evaluation during sleep must be 
undertaken. 

D 
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CHAPTER 2.5     OBESITY 
HYPOVENTILATION SYNDROME 

 

AMANDA PIPER 
 

 

2.5.1 BACKGROUND 
Obesity hypoventilation syndrome is characterised by a body mass index (BMI) >30kg/m2, raised 
daytime carbon dioxide (PaCO2>45mmHg) and an absence of other causes to explain awake 
hypercapnia. In severe cases, polycythaemia, pulmonary hypertension and cor pulmonale are also 
present. While obesity levels are increasing generally, it appears that the prevalence of individuals in 
the heaviest BMI groups (>40kg/m2) is increasing at levels 2 to 3 times faster than the growth of 
moderate obesity (BMI>30kg/m2) [178]. This degree of obesity is associated with significant health 
burdens including compromise of the respiratory system. It is unclear how common daytime 
hypoventilation is amongst those with morbid obesity in the general community. However, current 
evidence suggests that around 10-15% of individuals presenting to sleep laboratories will have awake 
hypercapnia [179], with the incidence increasing as BMI increases [180]. In a study of morbidly obese 
patients (BMI >40kg/m2) recruited consecutively from an obesity clinic, 23% were found to be 
hypercapnic [181]. The prevalence of OHS amongst hospitalised patients with a BMI>35kg/m2 has 
been reported to be as high as 31% [182].  

The limited work that has been done to date in this area suggests that untreated OHS is associated 
with significant comorbidities [180], increased health care expenses [183], high hospital admission 
rates [183] and reduced survival [182, 184]. In a study of morbidly obese individuals requiring 
hospitalisation, the mortality of those with awake hypercapnia was 23% compared to 9% for equally 
obese, eucapnic individuals, with the majority of the deaths occurring within 3 months of hospital 
discharge [182]. However, it appears the disorder is poorly recognised by clinicians, with 70% of 
patients with OHS being admitted to hospital at least once in the year prior to their diagnosis [183]. 
Despite the problem being under recognised, non-invasive ventilation (NIV) for these patients is 
becoming more common, with OHS now a major indication for home ventilatory support [6, 8]. 
Therefore, with an increasingly obese population, and improving recognition of OHS as a significant 
health problem, demand for therapy to manage the respiratory aspects of the disorder will escalate 
over the coming years. 

 

 

2.5.2 SCREENING OF PATIENTS TO IDENTIFY OHS 
Generally, patients with OHS are morbidly obese (i.e. BMI>40kg/m2) and present with complaints of 
hypersomnolence, morning headaches, snoring and/or witnessed apnoeas [180, 185]. Although these 
symptoms overlap with those of simple obstructive sleep apnoea (OSA), patients with OHS are more 
likely to also complain of dyspnoea [185], have lower extremity oedema and low pulse oxygen 
saturation [180]. In addition, pulmonary hypertension occurs more frequently than in OSA (58% vs. 
9%) [186]. 

While there are several laboratory findings that are supportive of OHS, the definitive test for alveolar 
hypoventilation is an arterial blood gas (ABGs) [180, 187]. Elevated serum bicarbonate is common and 
reflects the metabolic compensation for chronic hypoventilation. In a large prospective study, only 3% 
of patients with a serum bicarbonate level <27 mmol/L were hypercapnic compared to 50% with a level 
>27mmol/L [187]. It has been suggested that serum bicarbonate could be used as a sensitive test to 
screen for hypercapnia [188]. Likewise, hypoxemia detected on pulse oximetry during quiet 

wakefulness should be a prompt the clinician to perform a blood gas to exclude hypercapnia [188]. Any 
abnormalities in thyroid function should be treated [189]. (See Figure 3 for protocol for functional 
evaluation of patients with obesity hypoventilation syndrome). 
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Overlap syndrome is defined as the combination of chronic obstructive pulmonary disease (FEV1/FVC 
ratio <70%) and sleep apnoea syndrome [190]. Hypercapnia is not necessarily seen in overlap 
syndrome, whereas daytime hypoxemia is common and more pronounced than in patients with OSA 
alone [191]. While BMI does not form part of the definition, patients with this disorder are generally 
overweight or obese [186]. Like OHS patients, those with overlap are at increased risk of developing 
pulmonary hypertension despite only mild to moderate daytime hypoxemia. Where an obstructive 
pattern is seen on spirometry, appropriate treatment for airways disease should be commenced [189]. 
There are no specific studies looking at therapy or outcomes in the subpopulation of hypercapnic 
overlap individuals. From a clinical perspective obese individuals with overlap and daytime 
hypercapnia are managed in a similar manner to those with OHS. Two studies evaluating therapy for 
OHS have included patients with an obstructive component and neither found a strong relationship 
between pulmonary function and change in diurnal blood gases [192, 193]. Therefore, in the remainder 
of this section hypercapnic overlap patients should be considered as part of the OHS grouping.  

 

Key points: 

• Need for greater clinician awareness of this problem in order to identify and treat OHS individuals 
at an earlier stage before presentation with acute respiratory compromise. 

• Simple spirometry, SpO2 and serum bicarbonate should be performed in all patients referred for 
SDB assessment when BMI is greater than 35kg/m2. 

• Thyroid function should also be assessed and any airflow limitation treated appropriately. 

• Where bicarbonate is > 27mmol/L or SpO2 ≤ 92%, an arterial blood gas should be taken. 
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Figure 3: Protocol for Functional Evaluation of Patients with Obesity Hypoventilation Syndrome 
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2.5.3 TREATMENT OPTIONS 
Despite the high incidence of significant morbidity and increased mortality in patients with OHS and the 
well-documented improvement in daytime respiratory failure and symptoms achieved with reversal of 
abnormal sleep breathing events, there is scant data about optimal therapy modes in this population. In 
a retrospective study, Berger et al [192] identified a spectrum of respiratory disturbances during sleep 
in patients with OHS ranging from frank obstructive events, obstructive hypoventilation (i.e. 
hypoventilation with evidence of flow limitation) through to central hypoventilation. In that study, 
treatment aimed at correcting the specific ventilatory abnormalities resulted in improved daytime blood 
gases when patients were compliant with therapy [192].  

 

Oxygen therapy 

Supplemental oxygen alone is not appropriate therapy in these individuals as it does not improve 
nocturnal hypoventilation, and may increase symptoms related to hypercapnia such as morning 
headaches and confusion [167]. However, daytime and/or nocturnal oxygen therapy may be needed 
initially in many individuals, as well as longer term especially in those with significant coexistent lung 
disease. 

 

Positive airway pressure 

Most studies have reported the use of nocturnal NIV (either using a volume ventilator or bilevel 
support) in the management of OHS [184, 194-196]. However, ventilation is not needed in all patients 
to reverse daytime respiratory failure, and CPAP can be effective therapy for many [180, 197-200]. At 
present, short of titrating positive airway pressure and monitoring response, there are no clinical 
indicators available to predict those individuals in whom CPAP will be effective and those who will need 
NIV. In addition, no long-term follow up studies (i.e. >6 months) of those OHS patients managed with 
CPAP either as de novo treatment [197, 198] or following a period on bilevel support [184, 195], have 
been reported, so it remains unclear whether there are important clinical differences in outcomes with 
the two different forms of therapy over time [201]. To date, only three randomised trials of PAP therapy 
have been reported in this population [200, 202, 203]. In the first, patients were allocated to either 
CPAP or NIV set in the spontaneous mode. Both therapies were equally effective in correcting daytime 
respiratory failure and subjective daytime sleepiness, although there appeared to be a suggestion of 
better subjective sleep quality and greater improvements in some aspects of daytime function in those 
allocated to NIV [200]. In the second study, a randomised, cross over trial, two forms of NIV were 
compared in OHS patients failing CPAP [202]. While slight differences in nocturnal carbon dioxide 
levels were noted between the two modes, these differences did not affect daytime clinical outcomes. 
In the third study, standard bilevel pressure NIV in an S/T mode was compared to volume targeted 
bilevel pressure NIV in a single night randomised crossover study [203]. Although volume targeting 
improved control of nocturnal CO2 and increased average nocturnal tidal volume and minute 
ventilation, this was at the expense of sleep quality and patient comfort. All studies have enrolled only 
small numbers of patients who were followed for 3 months or less. In addition, those individuals with a 
poor first night response to CPAP were excluded from the first two studies, limiting the extension of 
findings to the wider OHS population. Larger randomised trials over longer treatment periods are 
required to determine if important differences not just in daytime blood gases but other clinically 
relevant outcomes exist between the various modes of positive pressure therapy.  

In patients with morbid obesity and coexisting conditions such as COPD or hemi-diaphragm weakness, 
exhalation out against CPAP at levels sufficient to control upper airway obstruction may be difficult or 
uncomfortable for the patient. In these circumstances, the expiratory pressure relief or C-Flex feature 
found on some CPAP devices may be advantageous and should be trialled. However, as inspiratory 
efforts are not supported by these devices, hypoventilation may persist. Such patients need to be 
carefully monitored during pressure titration [126]. 

 

Key points: 

• Positive airway pressure should be first line therapy in OHS, although adjunctive oxygen therapy is 
likely to be required, at least initially, for a significant number of patients 

• CPAP therapy is frequently effective in controlling sleep disordered breathing and improving 
daytime blood gases and symptoms  
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2.5.4 OUTCOMES 
Physiological 

Unloading of the respiratory muscles has been proposed as one mechanism by which positive 
pressure therapy may confer clinical benefits in patients with chest wall restriction including those with 
OHS. Pankow et al [204] studied diaphragmatic pressure time product (PTPdi) as an indicator of 
energy expenditure during the application of NIV in 18 subjects with morbid obesity (BMI>40kg/m2), six 
of whom had OHS, 7 OSA and 5 simple obesity. During baseline spontaneous breathing, PTPdi was 
similar in the simple obesity and OSA groups, but significantly higher in the OHS group. With the 
application of bilevel support, PTPdi was reduced by around 46% in all three groups, demonstrating 
that partial respiratory muscle unloading using bilevel support is possible even in the presence of 
severe obesity. 

 

Clinical 

Arterial blood gases 

A universal finding of all reports to date is the improvement in diurnal blood gases in OHS patients 
commenced on positive pressure therapy, with most patients being treated with bilevel support [184, 
192-194, 200, 205]. To date, only one randomised trial has compared CPAP to bilevel support in OHS 
[200]. A significant improvement in awake PaCO2 occurred with both therapies, with no significant 
difference in the change in PaCO2 found between the two therapies over a 3-month treatment period. 
In a randomised crossover trial comparing the impact of 6 weeks bilevel support in a 
spontaneous/timed mode to bilevel support in a spontaneous/timed mode with average volume 
assured pressure support (AVAPS) in OHS patients failing initial CPAP therapy, both forms of bilevel 
therapy improved nocturnal oxygenation [202]. Although the bilevel mode with AVAPS provided a more 
efficient reduction in overnight TcCO2 than standard bilevel support in a spontaneous/timed mode, the 
lower carbon dioxide during sleep did not translate into further clinical benefits with regards to sleep 
quality or health related quality of life (HRQoL).  

 

Lung function 

Individuals with OHS have a marked restrictive ventilatory pattern, with reductions in total lung capacity 
(TLC), vital capacity (VC) and expiratory reserve volume (ERV), while FEV1/FVC remains >70%. There 
are few reports on changes in pulmonary function following PAP therapy, and all relate to the use of 
bilevel ventilatory support [184, 185, 194, 206]. While some studies found no change in pulmonary 
function [184, 185, 195], in a large prospective study of 35 patients, significant improvements in TLC, 
VC and ERV were seen following 12 months of therapy without a significant change in BMI [206]. 

 

Symptoms and daytime function 

Symptoms such as sleepiness, morning headache, dyspnoea and morning confusion are common in 
OHS and improve significantly with therapy [184, 185]. Both CPAP and NIV therapy provide significant 
improvements in subjective daytime sleepiness as measured by the ESS [184, 198, 200, 205], with no 
differences between therapies [200]. One study has suggested that patients with more marked REM 
hypoventilation at baseline are the sleepiest and demonstrate more significant improvement is 
objective daytime sleepiness after receiving short-term NIV [205].  

Polycythaemia, a common finding in severe OHS, is also improved with NIV therapy [206], although 
this has not be studied in patients managed with CPAP.  

 

Sleep Quality 

Few studies have systematically reported on the changes in objective sleep quality that occur with PAP 
therapy in this population. Generally, baseline sleep efficiency is around 70-75%, with a high proportion 
of Stage I sleep and reduced REM sleep [186, 197, 200, 205]. With CPAP or NIV, sleep efficiency is 
not significantly different, but the amount of Stage I sleep [202, 205] is reduced while the proportion of 
REM sleep increases [197, 200, 205]. Using the PSQI, patients reported improvements in subjective 
sleep quality if allocated to NIV compared to CPAP, but this did not result in differences in other clinical 
outcomes or compliance with therapy [200]. 
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Quality of life 

Patients with OHS have significantly impaired health related quality of life (HRQoL) compared to the 
general population [198, 200], and to patients with OSA with respect to social functioning [198]. This 
latter finding has been attributed to the more severe degree of daytime sleepiness seen in patients with 
OHS [198]. Significant improvements in HRQoL occurs once therapy is commenced either with CPAP 
[198, 200] or NIV [198, 200] as measured by the SF-36, with significant within group improvements in 
vitality scores occurring with both forms of short-term PAP therapy [200]. However, significant within 
group improvements in other health dimensions were seen only in patients randomised to NIV 
(Physical Functioning, Role-Physical and Social Functioning). Between group differences in the two 
forms of PAP therapy could not be demonstrated, probably due to the wide variability in responses and 
small number of patients studied [200]. In comparing two modes of NIV support, Storre et al [202] used 
a disease specific scale, the Severe Respiratory Insufficiency questionnaire (SRI). Although they 
identified one form of NIV was more efficient in reducing nocturnal and daytime carbon dioxide than 
another, this did not translate into further benefits with regard to sleep quality and health related quality 
of life, with both therapies providing substantial benefits. Future studies should more fully address 
quality of life issues in this population and the impact of different PAP therapies on health outcomes 
over the longer term.  

 

Hospitalisation and health care utilisation 

Compared to individuals with similar degrees of obesity and the general population, patients with OHS 
are higher uses of health care resources [183] and are more likely to require hospitalisation [6, 183]. In 
one study, 70% of individuals with OHS had been hospitalised at least once in the 12 months prior to 
being diagnosed and treated [183]. Once hospitalised, patients with OHS have higher rates of intensive 
care admission and are more likely to require invasive ventilation than patients with equal degrees of 
obesity but who maintain eucapnia [182]. Several studies have shown that the use of NIV in the form of 
bilevel ventilatory support can significantly reduce the need for hospitalisation once NIV is commenced 
[6, 183]. In a prospective study, the number of days spent in hospital decreased significantly between 
the year before commencing NIV and the following 3 years [6].  

 

Mortality 

If these patients are left untreated, they are at markedly increased risk of death. In a prospective study, 
23% of hospitalised patients with morbid obesity and hypercapnia followed after discharge died within 
an 18 month period. This compares to a 9% death rate for equally obese eucapnic individuals [182]. A 
retrospective study reported 7 of 15 patients with OHS refusing therapy died over a 4-year period 
[184]. In contrast, of the 54 patients compliant with therapy, 3 died within the same time period. 
Longitudinal studies suggest a 2 and 5 year survival rate of around 92 and 88% in patients using 
bilevel support [6, 207]. Although a significant number of patients with OHS may be initially managed 
with CPAP or transferred to this therapy following acute bilevel use, long-term data regarding survival 
outcomes in this group have not been reported. Most deaths in OHS appear to be due to cardio-
pulmonary disease [207]. 

 

Compliance 

In patients willing to use NIV, compliance with therapy appears to be good with a mean nightly use of 
6.2 hrs at 12 months and 6.8 hrs at 24 months reported [206]. In the short-term trial comparing CPAP 
to NIV, no difference in compliance was found, again with a mean nightly use of around 6 hours found 
[200]. Irrespective of the mode of PAP therapy used, improvement in daytime blood gases appears to 
be directly related to the daily dose of PAP used [193], with those using PAP for >4.5hrs/day 
experiencing larger improvements in PaCO2 and PaO2 compared to less adherent patients. In addition, 
improvements occur and plateau at around 1 month after the commencement of treatment. One 
prospective study following 71 patients over a 7 year period found 11% used therapy less than 3.5 
hrs/day, while non-compliance was around 10% [6]. 
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2.5.5 INDICATIONS FOR NIV 
i) Presence of daytime hypercapnia with an arterial blood gas of >45mmHg  

OR 

ii) Failure to respond to a trial of CPAP as evidenced by 

o Persisting sustained oxygen desaturation during sleep in the absence of upper airway 
obstruction 

OR 

o An increase in nocturnal or daytime CO2 >8mmHg despite elimination of obstructive events 
on CPAP 

OR 

iii) Persisting significant daytime hypercapnia despite adequate compliance with CPAP therapy 
(>4hrs/day) 

 

 
 

2.5.6 IMPLEMENTATION AND TITRATION 
Although autoadjusting devices (APAP) may be used to titrate CPAP in OSA, this approach is not 
recommended in individuals with OHS [180, 208], as the algorithms identifying abnormal respiratory 
events cannot recognise hypoxemia or hypoventilation. In addition, up to 50% of patients with OHS 
may require initial oxygen therapy in addition to PAP therapy, and this will need to be added 
appropriately. With the increasing number of morbidly obese individuals in the community and an 
increasing trend towards use of simplified screening and home treatment of sleep apnoea, the 
importance of clinicians recognising this disorder and referring patients for supervised titration needs to 
be highlighted.  

In stable patients a full polysomnogram (PSG) should be undertaken to identify the underlying sleep 
disorder and to individualise treatment to correct the primary breathing abnormality [184, 192, 193]. 
Although no standard protocol for PAP titration currently exists, most reports in the literature suggest 
commencing in a CPAP mode, increasing the pressure to abolish apnoeas, hypopnoeas and flow 
limitation [180, 192, 199]. If oxygen saturation remains low, IPAP is added to improve oxygenation 
above 90%, using the lowest CPAP pressure that eliminated obstructive apnoeas and hypopnoeas (i.e. 
EPAP) and increasing IPAP above this level until SpO2 is above 90% or high pressures (20-22cmH2O) 
are reached [199]. Oxygen therapy is then added if significant oxygen desaturation persists [193, 199]. 
However, it should be noted that in individuals with only moderate daytime respiratory failure 
(PaCO2<55mmHg), complete resolution of abnormal nocturnal events on the initial titration night does 
not appear to be essential for longer-term improvements in the clinical status of the patient to occur 
[200, 202]. Therefore, until larger studies are available, a reasonable approach would be to commence 
CPAP as initial therapy in those patients with only moderate awake respiratory failure 
(PaCO2<55mmHg), or where rises in nocturnal TcCO2 on CPAP <10mmHg occur [200]. In these 
individuals, a clinical review at one month should be undertaken to monitor blood gases, compliance 
and clinical response [180, 193]. In those with more severe daytime or nocturnal respiratory failure 
(SpO2<80% or rise in CO2>8mmHg despite CPAP), bilevel ventilatory support should be used initially, 
with a CPAP re-titration after a 12-week period to determine whether an adequate response to CPAP 
is achievable [184, 196, 200, 201, 209]. (See Figure 4 for overview of titration and review in OHS). 

In up to 30% of cases, commencement of therapy occurs during an acute episode of decompensation 
[8]. Although both CPAP [184, 210] and NIV [184] have been used successfully in decompensated 
patients with OHS in these individuals, NIV has been recommended first line therapy in this group 
[211]. Once stable, diagnostic and titration studies can be scheduled, following the same management 
algorithm as outlined above.  

Around 40-60% of individuals are likely to require oxygen in addition to their PAP therapy, at least 
initially [184, 193]. However, this can be removed in a significant number of patients once daytime 
respiratory failure resolves [184, 193, 200]. At this time it remains unclear what the clinical implications 
of isolated nocturnal desaturation are and what level/dose of persisting desaturation is required for 
clinical consequences to emerge [199]. SpO2 ≤ 88% for 30% of TST has generally been used as the 
criteria for initiating or continuing nocturnal oxygen in Australia [175]. In patients with moderate or 
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severe co-existent COPD, marked daytime hypoxemia may persist despite effective nocturnal therapy 
[212]. If patients meet the criteria for daytime oxygen therapy [175], then this will need to be prescribed 
and used appropriately long term. 

 

Key points: 

• Autotitrating and home studies are not appropriate for this patient group. 

• A full PSG should be performed during manual CPAP titration in these patients to identify the 
nature of the sleep disordered breathing and response to CPAP pressure. 

• Many individuals will respond to initial intervention with CPAP, even in the presence of severe 
nocturnal desaturation. Therefore, titration should commence in CPAP mode to document the 
patient’s response to therapy. 

• When NIV is used as initial therapy, a review on CPAP 8-12 weeks later should be undertaken as 
many individuals are able switch to simpler therapy. 

• Acutely decompensated patients should be managed initially with NIV, with a trial of CPAP once 
clinical stability and improved awake CO2 have been achieved. 

• The need for additional oxygen therapy should be assessed initially and again once established on 
PAP therapy. 

• Ongoing compliance with therapy should be monitored regularly. 



CHAPTER 2.5:  Obesity Hypoventilation Syndrome 
 

55 

Figure 4: Obesity hypoventilation syndrome – titration and review 
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2.5.7 FOLLOW UP AND ANCILLARY MANAGEMENT 
Once treatment is commenced, early follow up to determine adherence to therapy and to monitor 
ABGs is essential. The improvement in symptoms and blood gas levels appear to be related to 
adherence with PAP therapy [193]. Reports from both uncontrolled [184, 195, 199] and randomised 
trials [200] have demonstrated that once the patient is stable after initial bilevel therapy (2-3 months of 
treatment), a significant number of individuals may be maintained longer term on CPAP alone. 
Substantial cost savings may be achieved by changing from bilevel to CPAP therapy and discontinuing 
oxygen therapy if it is no longer indicated [201]. However, ongoing suboptimal nocturnal gas exchange 
on therapy cannot be identified from daytime or evening blood gases alone [199], and direct 
assessment of nocturnal oximetry has been recommended [199].  

 

Weight loss 

In the long term, weight reduction is the preferred solution to OHS, resulting in improved lung function 
[213], sleep disordered breathing and awake ventilation [214]. In addition, surgical intervention has 
also been associated with improvements in a number of comorbidities related to morbid obesity such 
as pulmonary hypertension [215], diabetes and hyperlipidemia [216]. However, data from the Swedish 
Obesity Subjects trial suggests that some of these improvements are less marked at 10 years 
compared to 2 years, although they remain significant [217]. 

However, patients with OHS are at increased risk of death primarily from post operative respiratory 
failure and pulmonary embolism [218]. Consequently, assessment and management of these 
individuals with PAP therapy in the post operative period has been recommended to avoid respiratory 
failure [188]. There is no evidence that PAP therapy postoperatively increases the risk of anastomotic 
breakdown [219]. 

Currently, the lack of publicly funded services for bariatric surgery means that most individuals with 
OHS will not be able to access this form of therapy. Therefore, weight loss efforts need to be directed 
towards dietary advice, exercise and lifestyle changes, with referral of the patient to available hospital 
or community based programs. Long lasting weight reduction in severely obese individuals is 
associated with a positive improvement in HRQoL, with a maintained weight loss of around 10% 
sufficient to achieve these effects [220]. If significant weight loss occurs over time, review PAP studies 
should be undertaken to determine whether a switch to CPAP or no therapy is possible [184]. 

 

Key points: 

• Dietary advice and life style modification should be encouraged to promote weight loss and improve 
markers of cardiovascular disease 

• Referral to other health providers may be needed to supervise weight loss and exercise programs 
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RECOMMENDATIONS FOR OBESITY HYPOVENTILATION SYNDROME Grade 

Simple spirometry, SpO2 and serum bicarbonate should be performed in all patients 
referred for SDB assessment when BMI is greater than 35kg/m2. C 

Arterial blood gases should be obtained in those individuals where SpO2 is ≤ 92% or 
where the serum bicarbonate is >27mmol/L to confirm the presence and severity of 
hypoventilation. 

C 

Thyroid function should also be assessed and any airflow limitation treated 
appropriately. D 

Positive airway pressure is first line therapy in patients with OHS, although adjunctive 
oxygen therapy is likely to be required, at least initially, for a significant number of 
patients. 

C 

Autotitrating and home studies are not appropriate for this patient group.  D 

A full PSG should be performed during manual titration in order to identify the nature of 
the sleep disordered breathing and response to CPAP pressure. B 

Many individuals will respond to initial intervention with CPAP. Titration should 
commence in CPAP mode to document the patient’s response to abolition of upper 
airway obstruction alone. 

A 

Complete correction of sleep disordered breathing during the initial titration night is not 
necessary for improvement of daytime blood gases and symptoms to occur B 

Indications for NIV in OHS include an awake PaCO2 >45mmHg and failure of CPAP 
therapy as evidence by either sustained oxygen desaturation during sleep or an 
increase in nocturnal daytime or nocturnal CO2 >8mmHg.  

D 

Individuals initially using bilevel support should be reviewed again after 3 months on 
therapy and CPAP retried, since a significant number may be switched to CPAP without 
clinical deterioration. 

B 

In patients placed on CPAP in whom awake PaCO2 at baseline was 45-55mmHg, a 
clinical review at one month with repeat blood gases should be performed.  D 

Continued oxygen therapy during PAP is not required by all patients and this should be 
reviewed.  B 

Bilevel support should be used as initial therapy in patients presenting with acute 
decompensated respiratory failure. After 3 months, a CPAP titration should be 
undertaken to determine long term therapy.  

D 

Outcome measures should include awake ABGs, nocturnal SpO2 and assessment of 
daytime sleepiness, breathlessness and health related quality of life.  C 

Once established on therapy, regular monitoring of compliance data should be 
performed.  C 

All patients should be advised on appropriate dietary and lifestyle changes to promote 
weight loss and referred to appropriate programs where possible. D 

The need for and type of nocturnal PAP therapy should be reassessed if significant 
weight loss occurs.  D 
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CHAPTER 2.6     CHRONIC OBSTRUCTIVE 
PULMONARY DISORDER 

 

DANIEL FLUNT 

 

 

2.6.1 BACKGROUND 
COPD is a very common respiratory disorder, with the majority of patients presenting with hypoxemic 
respiratory failure requiring oxygen therapy. However, a small proportion will develop awake 
hypercapnia. While there is a substantial body of evidence to support the use of NIV for acute 
exacerbations of COPD in the hospital setting, the evidence for domiciliary use is less convincing. 
Although the role of home NIV in chronic hypercapnic COPD still a topic of debate [221], the technique 
is widely used, with 38% of patients prescribed home NIV in Europe having COPD as the primary 
reason for therapy [2]. 

A Cochrane meta-analysis [222] concluded that nocturnal NIV for at least 3 months in hypercapnic 
patients with stable COPD had no consistent clinically or statistically significant effect on lung function, 
gas exchange, respiratory muscle strength, sleep efficiency or exercise tolerance. However, a 
systematic review suggested that there may be a supportive role of NIV in a selective subset of severe 
stable COPD patients [223]. 

One study demonstrated significant improvements in awake blood gases and quality of life using NIV 
plus oxygen compared to oxygen therapy alone [224] over a 3-month period. In contrast, a later trial 
found that over a 12-month period, NIV did not affect the natural course of the disease and was of 
marginal benefit only [225]. However, this study enrolled patients based on lung function (FEV1 < 45% 
predicted) rather than the presence of hypercapnia or nocturnal hypoventilation. In a larger Italian trial, 
90 stable hypercapnic patients were randomised to NIV and LTOT or LTOT alone and followed over a 
2-year period [226]. These investigators found a small improvement in awake blood gases, and 
significant improvements in dyspnoea and health-related quality of life in the NIV treated group 
compared to those on LTOT alone. In addition, although hospital admissions were not different 
between the groups during the follow up period, overall hospital admissions decreased by 45% in the 
NIV group and rose by 27% in the LTOT group when compared to the 3-year period preceding the 
study. In a quasi-experimental study comparing patients tolerant or declining/intolerant of NIV, 
improvements in dyspnoea and daytime sleepiness [227] following the use of NIV were reported. 
Likewise, significant improvements in HRQoL as measured by the SF-36 occurred with NIV, with 
improvements apparent in most domains, except for bodily pain [227]. In this study, days in hospital 
were also significantly reduced, although no effect on the number of exacerbations were found. In a 
cost and consequences analysis of patients with recurrent acidotic exacerbations of COPD who 
tolerated and responded well to NIV in hospital, it was shown that domiciliary NIV was effective in 
reducing admissions and minimising acute care costs [33]. One randomised controlled trial has 
demonstrated that nocturnal NIV may improve survival in oxygen dependent hypercapnic COPD 
patients, but in contrast to other findings, appears to be at the cost of worsening quality of life [228]. 

A key point from the GOLD 2007 executive summary [229] regarding the management of stable 
COPD is that the “overall approach to managing stable COPD should be individualised to address 
symptoms and improve quality of life”. The document also recommends that the selection of therapies, 
whilst being guided be the degree of airflow limitation, should be predominantly based on symptoms, 
clinical presentation and willingness to apply the recommended management. Specifically with regard 
to NIV therapy in severe stable COPD, health related outcomes to date have been the least studied 
outcomes in the literature [223]. However, for these patients, improvements in the severity of their 
disability may be more important than improving physiological outcomes or prolonging life [230]. 

A recent overview of the literature [231] concluded that in patients with COPD and hypercapnic 
respiratory failure using NIV, when sufficient pressure support and adequate compliance was 
achieved, beneficial effects with regard to physiological measures and some health-related outcomes 
can be realised. It may be inappropriate to base the decision to undertake domiciliary NIV on PaCO2 
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alone and that patients requiring recurrent admissions for hypercapnic decompensations, life-
threatening events or high risk for death should also be considered for long-term NIV [231]. 

Until more controlled trials are performed to define the role of NIV in stable hypercapnic COPD, it 
generally appears that the use of NIV is indicated in a small number of patients with stable COPD who 
are hypercapnic and demonstrate nocturnal hypoventilation unresponsive or made worse by oxygen 
therapy. 

 

Key points: 

• Whilst there is strong evidence for the use of NIV in acute exacerbations of COPD, the use of NIV 
as routine care in chronic hypercapnic COPD remains equivocal. 

• Positive studies using NIV in chronic stable COPD have attributed success to higher inspiratory 
pressures, adequate compliance, higher baseline PaCO2 and patient selection including recurrent 
admissions for hypercapnic compensations or life threatening events. 

• Improvements in HRQoL may be more important than improving physiological outcomes. 

• NIV is indicated in stable COPD where nocturnal hypoventilation is unresponsive or made worse 
by oxygen therapy. 

 

 

2.6.2 TREATMENT OPTIONS FOR THE MANAGEMENT OF STABLE COPD 
Oxygen therapy 

Long term oxygen therapy (LTOT) or the use of oxygen for >15 hours a day has been shown to 
increase the survival in patients with chronic hypoxaemia and COPD [232]. Maintaining PaO2 within a 
more desirable range at rest (to at least 60 mmHg) can prevent end organ damage and LTOT may 
also be beneficial by dampening exercise induced oxidative stress [233]. However, oxygen alone is 
not appropriate when hypoxaemia is primarily caused by hypoventilation. In this case adding further 
oxygen can permit hypoventilation to continue, resulting in a worsening of carbon dioxide retention.  

 

Smoking cessation 

Smoking cessation is the most effective way to reduce exposure to COPD risk factors and to stop its 
progression [229]. It is also very cost effective and randomised controlled trials have shown that both 
health education and pharmacotherapies can assist smoking cessation [229]. 

 

Pharmacologic treatments 

None of the current medications prevent the long-term decline in lung function and ultimately survival 
in COPD [229, 234]. The main role of drug therapy is symptomatic prevention and control, reducing 
the severity and frequency of exacerbations and improving exercise tolerance [229]. It has been 
recommended that all patients are pharmacologically optimised prior to commencing NIV [106]. 

 

Pulmonary Rehabilitation 

In a recent evidence based guidelines [235] the panel concluded that there was high-grade evidence 
(including randomised controlled trials) that pulmonary rehabilitation improves dyspnoea and health 
related quality of life in patients with COPD. They also provided a weak recommendation that 
pulmonary rehabilitation reduces the number of hospital days. Whilst a population cohort study 
demonstrated that patients with COPD engaging in low to high levels of physical activity have a lower 
risk of hospitalisations and mortality compared to the very low physical activity group [236], there is 
generally insufficient evidence to determine if pulmonary rehabilitation improves survival in COPD 
[235]. 
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Surgery 

Lung volume reduction surgery 

A large multi centre trial (1218 patients) comparing LVRS with medical treatment showed that after 4.3 
years, patients with upper lobe involvement and worse pre-surgery exercise capacity had a greater 
survival rate when compared to COPD patients who only received standard medical therapy (54% 
versus 39.7%) [237]. However, patients with better pre-surgery exercise tolerance demonstrated no 
survival advantage. Consequently, LVRS is regarded as an expensive palliative procedure and is only 
suitable for carefully selected patients with COPD [229]. 

 

Lung transplantation 

Non-randomised trials and observational studies have shown that lung transplant in appropriately 
selected patients with advanced COPD can improve quality of life and functional capacity [229]. 
Significant complications after lung transplant impairs survival, with survival being reported as 
approximately 80% at 1 year, 50% at 5 years and 35% at 10 years [238]. Clinically, domiciliary NIV 
has been indicated in patients with severe lung disease, as a bridge to transplant. 

 

 

Key points: 

• Oxygen therapy when used for >15 hours a day has been shown to increase survival. 

• Smoking cessation is the most effective way to reduce exposure to COPD risk factors and to stop 
its progression. 

• The main role of pharmacotherapy in stable COPD is for symptomatic prevention and control. 
However, it has not been shown to improve survival. 

• Pulmonary rehabilitation is important in improving dyspnoea and HRQoL. 

• Lung volume reduction surgery has mixed impact on survival depending on location of lobar 
involvement and pre-surgery exercise capacity.  

• Lung transplant in appropriately selected patients with COPD can improve quality of life. 
However, significant complications can arise which will impair survival. 

 

 

2.6.3 OUTCOMES OF NIV 
Survival 

Only one randomised controlled trial has demonstrated that nocturnal NIV in stable, oxygen 
dependent, hypercapnic COPD patients improves survival [228]. These findings were based on a Cox 
model which was adjusted for baseline PaO2, PaCO2 and respiratory quality of life measurements. 
With respect to other prospective controlled trials, no survival benefit has been found with the use of 
NIV in COPD, compared to LTOT alone [225, 226, 239-241]. However, these trials have been 
critiqued as having small groups of patients, inadequate patient selection, ineffective ventilation 
efficacy, poor compliance or short-term follow-up [230, 242]. 

Observational studies with adequate pressures and compliance in patients with significant airways 
obstruction and hypercapnia have demonstrated a survival benefit [242] or increased survival when 
compared against historical survival data from previous LTOT trials [243]. One study which compared 
140 patients with severe persistent hypercapnic COPD (FEV1 = 28.7 ± 8.7 % predicted, PaCO2 = 60.1 
± 9.2 mmHg) which used NIV versus 41 which did not, demonstrated one and two year survival rates 
of 87.7% and 71.8% in the NIV group respectively, versus 56.7 and 42.0% in the non-users group, 
respectively [242]. Survival rates remained significantly higher in the NIV group even after adjusting for 
BMI, haemoglobin levels, LTOT and age. The findings of this study may have been attributed to the 
ventilator parameters used (IPAP=21.0 ± 4.0 cm H2O, EPAP= 4.5 ± 1.4 cmH2O and back-up rate = 
17.3 ± 2.5 breaths/min) and compliance (6.4 ± 2.6 hours/day). In addition, further stratification 
revealed that greater benefits in survival were seen in those patients where physiological measures 
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showed a base excess > 8.9 mmol/L, pH < 7.41, FEV1 < 27.5% predicted, RV/TLC ≥ 73% or 
haemoglobin < 13.8 g/dL [242, 244]. 

Long term NIV has also been associated with a survival advantage in COPD patients which have been 
discharged home post successful tracheostomy decannulation after a prolonged period of invasive 
ventilation [245]. After correcting for age and length of stay, survival advantage has been calculated at 
0.48 and median survival for patients receiving NIV was 3.3 years compared to 1.6 years for those 
discharged without it. This suggests that long term NIV using reasonable pressures (mean inspiratory 
pressure = 28 cm H2O) could protect the patient during subsequent exacerbations.  

 

Physiological 

Arterial Blood Gases 

In a Cochrane meta-analysis [222] only one [224] of the four [224, 225, 240, 241] randomised 
controlled trials included showed improvements in daytime arterial blood gases. A recently published 
randomised controlled trial involving 144 patients also demonstrated no significant differences in 
arterial blood gases between the LTOT and LTOT + NIV group at 12 months [228]. However, as 
discussed in previous sections potential confounders included lower levels of hypercapnia (including 
patients with normocapnia [225]), lower pressure trials with IPAP-EPAP differences between 8 -13 
cmH2O [225, 228, 240, 241] and short duration trials [240, 241]. In trials where improvements in 
daytime arterial blood gases occurred, there were higher baseline PaCO2 levels (>54 mmHg), higher 
pressures used and compliance was greater than 6 hours per day [224, 226, 246]. 

Higher mean inspiratory pressures have been successful in reducing hypercapnia, even to levels of 
normocapnia. One study which used a mean inspiratory pressure of 28 cmH2O showed a reduction in 
PaCO2 from 53.3 ± 4.8 to 46.4 ± 7.0 mmHg [247] and another study aiming for normocapnia (40 
mmHg) demonstrated that mean pressures of 30.4 cmH2O achieved normocapnia within 8.8 days 
from a baseline of 59.5 mmHg [248]. The COPD patients in these studies had mean FEV1 values of 
1.03 [247] and 0.97 L [248]. However, it is possible that these studies were looking at patients with an 
element of obesity related sleep disordered breathing, as the mean body mass indices were 28.3 and 
29.4 kg/m2, respectively. Interestingly, the pressures were well tolerated and compliance remained 
excellent at 6 months [247] and over a 2 year period [248]. 

Reductions in bicarbonate, a marker of chronic hypercapnia have also been shown. After a month of 
therapy at IPAP= 15.3 and EPAP= 5.4 cmH2O with compliance at 9 hours, in comparison to a control 
group, a group of COPD patients demonstrated significant reductions in PaCO2 (54.1 ± 4.5 to 44.6 ± 
5.6 mmHg, p <0.0001) with a corresponding reduction in bicarbonate (35.3 ± 3.7 to 29.2 ± 3 mmol/L, 
p< 0.0001) were demonstrated in the first month [227]. These findings remained until the twelfth 
month. 

 

Lung function 

Most studies report no significant improvements in spirometric values or lung volumes with the long 
term use of NIV in COPD [227, 228, 249-251]. Small but significant increases in MIP have been 
recorded [246, 251] and reductions in measures of dynamic hyperinflation have been noted [252-254]. 

 

Dynamic Hyperinflation 

The use of NIV in COPD has also been beneficial in significantly reducing measures of dynamic 
hyperinflation and inspiratory mechanical workload. A randomised controlled trial comparing NIV (3 
hours a day, 5 days a week for 3 weeks), to sham bi-level found statistically significant reductions in 
dynamic hyperinflation with reductions in total lung capacity, functional residual capacity (FRC) and 
residual volume by 10, 25, and 36% of their predicted value respectively [252]. The changes in PaCO2 
were most strongly correlated to changes in dynamic intrinsic positive end-expiratory pressure (r=0.72; 
p < 0.0001). Another study had similar findings with reductions in PaCO2 not being related to increase 
muscle strength but was significantly correlated with a decrease in gas trapping [253].  

In a study looking at the long term application of nocturnal NIV, a decrease in hyperinflation in terms of 
RV:TLC ratio has also been observed with the reduction in hyperinflation being accompanied by 
significant improvements in arterial blood gases [254]. Interestingly no significant correlation was 
found between changes in PaCO2 and IPAP for all patients, however, for patients with the most severe 
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hyperinflation (RV/TLC >75%), changes in PaCO2 were significantly correlated to inspiratory pressure. 
These findings suggest that stable COPD patients with higher levels of dynamic intrinsic PEEP may 
be part of the subset which may benefit from NIV from a reduction in dynamic hyperinflation by 
producing a slower more effectual breathing pattern [223, 252]. 

 

Quality of life measures 

The importance of evaluating health related quality of life in patients with chronic and non-curable 
disorders, such as COPD, has been highlighted as being essential in evaluating the human and 
financial costs and benefits of modern modalities in health care practice [255]. A recent systematic 
review shows that whilst health related quality of life is one of the least studied outcomes, it shows 
consistent evidence of improvement with NIV in severe stable COPD [223]. In contrast to this, the 
largest randomised controlled trial which post dates this review showed that the addition of NIV to 
usual care in COPD patients resulted in deterioration in general and mental health and some aspects 
of mood [228].  

 

Sleep parameters 

Significant increases in sleep efficiency and total sleep time have been observed in patients with 
COPD after commencing NIV. With regard to short term effects, one study comparing two nights of 
either NIV (IPAP = 22 ± 0.3 cmH2O, EPAP= 3 ± 1 cmH2O) or CPAP (5 cmH2O) demonstrated that 
sleep efficiency improved from 63 ± 7 to 81 ± 4% and total sleep time significantly improved from 205 
± 33 to 262 ± 28 minutes in the NIV group [256]. Significant increases in these measures have also 
been recorded after 3 months [224] and after 6 months use where sleep efficiency increased by 5% 
(range -3 to +30%) and total sleep time increased by 72.5 minutes (range +21 to +204 minutes) [257].  

Contrary to the above findings, a RCT noted a decrease in sleep efficiency in their seven patients after 
3 months of NIV [241]. However, baseline PaCO2 was only 46 mmHg in this series, suggesting that 
sleep quality was worse due to the burden or disruption of nocturnal NIV outweighing any potential 
benefits of therapy.  

 

Health related quality of life questionnaires 

The Medical Outcome Trust 36-item short form health survey status (SF-36) is a well validated 
questionnaire [258, 259] and to date has been the most commonly used English language 
multipurpose survey of general health status in COPD receiving long-term NIV [227, 243, 260, 261]. A 
recent study which used SF-36 to compare compliant NIV to a control group to assess quality of life 
showed that NIV provided significant improvements in physical and mental component summary 
scores [227]. These authors also noted that it was the improvements in dyspnoea that was the major 
determinant of the improvements in the quality of life and that total hours spent on the ventilator per 
day was an independent predictor of dyspnoea. Another randomised controlled trial also found that 
NIV significantly improves dyspnoea over LTOT alone [226]. Contrary to these findings, one 
randomised controlled trial suggested that patients treated with NIV had poorer SF-36 general and 
mental health component summary scores, and reported less vigour, more confusion and 
bewilderment as assessed by a Profile of Mood State questionnaire [228]. Whilst changes in SF-36 
have been noted after the initiation of NIV, at times these changes have been small [243]. This could 
be due to the scale not specifically covering the impact of chronic hypercapnic respiratory failure on 
COPD [255]. 

Other health related quality of life questionnaires have also been used in the assessment of NIV in 
COPD. The St George respiratory questionnaire revealed no improvements in HRQL after the initiation 
of NIV [226] and this was most likely due to the scale not being sensitive enough for patients with 
more severe COPD [228, 255]. On the other hand, the Maugeri Foundation Respiratory item set 
(MRF-28), a scale which has been designed for patients with chronic respiratory failure secondary to 
pulmonary and chest wall disorders, showed some improvements in the same study [226], possibly 
because it covers a broader scale range in these patients [255]. 

The Severe Respiratory Insufficiency Questionnaire (SRI), a multidimensional and highly specific tool 
with high psychometric properties for HRQoL assessments in respiratory failure patients, has recently 
been validated for COPD patients with severe chronic respiratory failure on home ventilation [255, 
262]. Whilst it appears to be a suitable instrument that reliably allows for longitudinal assessment of 
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HRQoL in COPD on domiciliary ventilation, researchers and clinicians are awaiting a validated English 
version. Until then, the SF-36 and possibly the MRF-28 appear to be the most suitable choice for 
monitoring HRQoL changes in patients with COPD on long term ventilation. 

 

Hospitalisation 

A reduction in hospital admissions after the commencement of NIV has been shown in retrospective 
audits and controlled trials. Studies have shown significant reductions in hospital admissions from 5 ± 
3 to 2 ± 2 per patient per year [33], a halving of two (range 0-5) admissions per year after one year 
[249] and a RCT showed that in comparison to the period before the start of the study, hospital 
admissions decreased by 45% in the NIV group whereas they increased by 27% in the LTOT group 
[226]. However, no significant differences in hospital admissions [228], exacerbation rates or need for 
endotracheal intubation with the use of NIV have been shown [225] in other studies. 

 

Compliance 

Many COPD patients tolerate NIV poorly, and adherence to NIV is lower than in patients with 
restrictive disorders [124, 260]. Drop-out rates of 23 to 63% been reported in controlled trials [226, 
239-241].  

Some investigators report using lower pressures to increase patient tolerance and in turn compliance. 
Whilst lower pressures are usually trialled in the initial acclimatisation phase they have not always 
been associated with improved compliance. After a three month trial at pressures of IPAP=10 and 
EPAP=2, only 4/7 patients completed one trial [240]. Conversely, excellent compliance rates have 
been documented at much higher inspiratory pressures [224, 247, 248].  

Currently there are no randomised controlled trials comparing inpatient versus outpatient NIV 
acclimatisation which include COPD patients. With respect to other studies, compliance has been 
generally been more successful when an intensive inpatient acclimatisation to NIV has occurred [124, 
224, 226, 247, 249]. In a study where acclimatisation to NIV was carried out over thirteen days a 
follow up visit at 2 months showed that only one of 37 patients dropped out due to noncompliance 
[247]. In another study inpatient acclimatisation led to only 11.1% rejecting NIV and only 6% using NIV 
for less than 3 hours /day [242]. In a study by Jones and colleagues [249], median stay in hospital was 
three days, but four patients were discharged on the same day. Three of these patients who received 
less intensive training, chose to discontinue therapy or were removed from NIV secondary to poor 
compliance.  

In contrast, another study found that only 50% of COPD patients continued to use NIV during a follow 
up period of approximately 6 months, despite enrolment in a comprehensive inpatient and outpatient 
programme [124]. Outpatient acclimatisation has demonstrated poorer compliance rates in COPD 
[230]. Closer supervision combined with greater time spent practicing in the inpatient environment 
appears to be the reason why NIV compliance is greater in the more structured in hospital setting 
[263].  

Excellent compliance has also been shown when patients experience relief of their daytime symptoms 
such as morning headache, daytime somnolence or improved sleep quality. In 11 patients with COPD 
and BMI mean 33.3 kg/m2 (with 6 experiencing significant sleep hypoventilation), there were no 
withdrawals from the study and usage averaged 6.5 hours of NIV per night [249]. This was attributed 
to all patients experiencing relief of their symptoms. Similarly, Elliott et al [257] reported that 7 out of 
12 patients who continued with NIV after 12 months (one died) had greater symptoms at baseline and 
therefore wanted to continue to experience the perceived benefit. 
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Key points: 

• Only one randomised controlled trial has demonstrated a survival benefit with the routine use of 
NIV, although this was at the expense of quality of life. 

• Observational studies have shown increased survival compared to historical controls, especially 
when significant pressures are used in compliant patients with significant lower airway flow 
limitation, dynamic hyperinflation or higher PaCO2 and base excess levels. 

• Higher pressures are associated with reductions in PaCO2 and bicarbonate. 

• Apart from reductions in dynamic lung hyperinflation, generally there are no significant 
improvements in spirometric values or lung volumes with the long term use of NIV. 

• Where improvements in HRQoL have been shown these appear to be related to improvements in 
dyspnoea. 

• The SF-36 is the most commonly used English language multipurpose survey of general health 
status in COPD patients receiving long term NIV. 

• Reductions in hospital admissions and total days spent in hospital has been shown post NIV 
commencement in appropriate COPD patients. 

• Improved compliance is related to patients receiving a more intensive education programme and to 
the severity of their sleep disordered breathing at baseline. 

• Constant checks on compliance should be performed to ensure that patients with COPD are using 
their NIV adequately.  

 

 

2.6.4 INDICATIONS FOR NIV 
Level of Hypercapnia and arterial blood gas findings 

Chronic hypercapnic respiratory failure by definition includes elevated daytime PaCO2 as a result of 
chronic alveolar hypoventilation, in the absence of an acute exacerbation [264]. While in other 
disorders it appears that NIV is indicated at the first sign of nocturnal hypoventilation or daytime 
hypercapnia, in COPD, the level of stable daytime hypercapnia required before the need for 
commencing NIV is indicated is less clear cut. Systematic reviews have demonstrated that combined 
analyses of randomised controlled trials have found no improvement in PaO2 and PaCO2 level [222, 
223], whereas with regards to meta analyses of non-randomised controlled trials [223], significant 
improvement in PaO2 (seven studies) and PaCO2 (8 studies) have been shown. Whilst the majority of 
the above studies included patients with a PaCO2 of greater than 50 mmHg, it appeared that when the 
studies are viewed individually, patients who received the greatest physiological benefit included those 
with higher baseline PaCO2 levels, received more substantial pressure support or were more 
compliant. The Global Initiative for Chronic Obstructive Lung Disease, executive summary (updated 
2007) [229] supports this by recommending that long term NIV may be of some benefit in a subset of 
patients, particularly in those with “pronounced daytime hypercapnia”. One study demonstrated that 
the degree of improvement in daytime PaCO2 was correlated with changes in mean overnight values, 
suggesting that control of nocturnal hypoventilation was the main factor for the success of ventilatory 
support [224]. 

In comparison to PaCO2, base excess has been shown in a prospective observational study to be a 
more reliable and consistent predictor of survival in patients with chronic hypercapnic respiratory 
failure receiving non-invasive home ventilation [244]. In a multivariate analyses, patients with a base 
excess ≥ 9 mmol/L at baseline and who demonstrated a ≥ 42% decrease after 6 months on NIV 
therapy, demonstrated improved survival. These findings suggest that the degree of metabolic 
compensation of chronic hypercapnia, expressed as base excess, is an independent predictor of 
mortality that is not accounted for by PaCO2.  

 



CHAPTER 2.6:  Chronic Obstructive Pulmonary Disease 
 

65 

Recurrent admissions 

Hospitalisations resulting from severe acute exacerbations of COPD have a substantial negative 
impact on HRQoL (based on The Saint George Respiratory Questionnaire and SF-36) among patients 
who survive for at least 5 years, independent of their baseline FEV1 and HRQoL [265]. It has been 
proposed that establishing measures to prevent exacerbations or treating patients early to avoid 
hospitalisations, may slow or prevent this loss of HRQoL [265]. 

Recurrent acute on chronic hypercapnic hospital presentations or life threatening events, should form 
a large part of the consideration for initiating a trial of NIV [231]. Two or more hospitalisations for 
episodes of hypercapnic respiratory failure, in a 12 month period, may be an indication for NIV 
commencement [106]. This has been based on the reported reductions in hospitalisations after 
commencing home NIV in appropriate patients with COPD, diffuse bronchiectasis and CF [34, 249, 
266, 267]. 

Longer term follow up of 110 COPD patients who survived acute hypercapnic respiratory failure after 
NIV, but not sent home on domiciliary NIV, showed that one year after discharge: 79.9% had been 
readmitted; 63.3% had another life threatening event and 49.1% had died [268]. Survivors spent a 
median of 12% of the subsequent year in hospital and a significant proportion required NIV for 
recurrent acute hypercapnic respiratory failure. These results suggest that a significant proportion of 
patients requiring NIV for acute hypercapnic respiratory failure, will likely suffer from a life threatening 
event in the following year and that these patients could form the basis for future randomised trials of 
home NIV [268]. It has also been suggested that maintenance NIV has a role in the management of a 
subgroup of patients with severe COPD with a history of difficulty in weaning from invasive ventilation 
[245].  

 

Presence of sleep related breathing events 

Some studies which have demonstrated improvements also appeared to have higher sleep related 
apnoea/hypopnoea index at baseline. In a study which demonstrated benefits of NIV, the average AHI 
was 10 per hour [224], whereas in another trial which demonstrated no additional benefit of NIV over 
standard medical care, AHI was 3.5 episode per hour [225]. Whilst a direct comparison is difficult, as 
the positive trial used higher pressure support and baseline PaCO2 were higher, it does appear 
intuitive that patients with more sleep disordered breathing have more to gain from a therapy which is 
designed to ameliorate this abnormality. Similarly, other studies have demonstrated positive results 
with NIV treatment for nocturnal hypoventilation in those patients where BMI is greater than 30kg/m2 
[249], AHI is higher [240] or where complaints of disturbed sleep are present [257]. 

Worsening hypoventilation with supplemental oxygen, especially nocturnally, has been used by many 
clinicians as a reason to commence NIV. Some researchers have included patients into their long term 
NIV trials if supplemental oxygen therapy failed either to raise the daytime PaO2 to > 55 mmHg without 
a rise in the awake PaCO2 to > 60 mmHg or failed to rise nocturnal SpO2 >90% without a rise in the 
transcutaneous CO2 tension to > 68 mmHg [243].  
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INDICATIONS FOR A TRIAL OF HOME VENTILATION IN PATIENTS WITH COPD INCLUDE: 

 

i) clinical review to ensure all other appropriate therapies / treatments have been commenced  

ii) awake stable PaCO2 levels ≥ 50 mm Hg   

AND 

iii) symptoms consistent with a sleep breathing problem that is impacting adversely on quality of 
life  

OR 

comorbidities secondary to hypoxemia such as pulmonary hypertension or heart failure  

AND 

iv) demonstration of nocturnal hypoventilation / desaturation on full PSG that is not corrected or 
made worse by LTOT alone (based on a measure of carbon dioxide)  

OR 

v) recurrent admissions for acute exacerbations of COPD with respiratory acidosis where the 
patient has tolerated NIV and responded well to it.  

vi) willingness to undergo a trial of therapy 

 

 

Key points: 

• COPD patients with stable PaCO2 > 50 mmHg appear to receive more benefit from NIV. 

• Reductions in base excess has been shown to be a predictor of survival in COPD patients with 
chronic hypercapnic respiratory failure receiving NIV. 

• Two or more hospitalisations for acute hypercapnic respiratory failure per year (especially life 
threatening events) or difficulty weaning from invasive ventilation appear to be an indicator for 
domiciliary NIV commencement. 

• Patients with more significant dynamic hyperinflation appear to get greater reductions in PaCO2 
when treated with NIV. 

• COPD patients with greater baseline sleep disordered breathing (apnoea-hypopnoea index or 
severe nocturnal hypoventilation), demonstrate greater symptomatic relief and compliance from 
nocturnal ventilation. 



CHAPTER 2.6:  Chronic Obstructive Pulmonary Disease 
 

67 

2.6.5 IMPLEMENTATION 
A systematic review of NIV in severe stable COPD summarised that comfort and compliance issues 
were generally recorded in shorter trials with brief acclimatisation attempts and in the presence of 
patient-ventilator dysynchrony which can occur either from excessive mask leaks (which can occur at 
higher pressures) or from increased inspiratory efforts (which may result from inadequate pressures or 
inappropriate settings) [223]. Acclimatising to NIV as an inpatient appears to be successful, especially 
if the education process is intensive and of adequate duration to ensure that discharge only occurs 
when patients are fully adjusted to using NIV [243] and when beneficial effects on excessive diurnal 
somnolence and intellectual function can be ultimately demonstrated [224, 249].  

Whilst the concept of non-invasive ventilation may be initially trialled during an acute exacerbation of 
COPD, it is important to ascertain the patient’s respiratory status once they are chronically stable to 
see if they are a suitable candidate for long term domiciliary NIV. The majority of studies define 
chronically stable as pH>7.35 [226, 247, 269] and free of signs of acute exacerbation at the time of 
[247] or up to 1 month [226, 269] preceding the investigations into the appropriateness of long term 
ventilation and settings.  

When commencing NIV, settings can be made initially for patient comfort then adjusted for diurnal 
PaCO2 values as tolerance allows [249]. A study which compared the titration of NIV in COPD using 
an invasive method (oesophageal and gastric pressure balloon monitoring) to a method based on 
tolerance, comfort, arterial blood gases and nocturnal oxygen saturations showed that both methods 
were effective in improving arterial blood gases and unloading inspiratory muscles [269]. The only 
difference was that the invasive titration resulted in a reduction in ineffective triggering of the ventilator 
by 70% in 36% of patients. 

For ongoing compliance, regular reviews including outpatient clinics and the use of diary cards to 
document ventilator related issues have also been suggested and have excellent compliance rates 
(~95%) [224]. Frequency of visits after initial hospital acclimatisation in trials have been as regular as 
every month for 3 months [224] to 6 months [250], to being reviewed at 1 month, 6 months, 12 months 
and 2 years [243] after initiation of a NIV trial. Patients may also increase their knowledge or exposure 
to the concept of NIV within education sessions in pulmonary rehabilitation.  

 

Interfaces 

In chronic COPD, a variety of masks have been used, with one study showing 58% of COPD patients 
using a nasal mask and 42% requiring or preferring an oronasal mask [243]. As COPD patients who 
have suffered a life threatening event are predisposed to further acute events [268], it may be 
beneficial to acclimatise or introduce an oronasal mask to patients with COPD for the purpose of use 
during acute exacerbations [15, 26]. Overall, long term mask choice should be based primarily on 
patient comfort and acceptance, whilst ensuring that it is both safe and effective [26].  

 

Spontaneous versus spontaneous / timed mode 

Both spontaneous and spontaneous-timed have been utilised in the NIV management of chronic 
stable COPD. The spontaneous-timed approach attempts to override the patient’s ventilation, allowing 
them to be passively ventilated by the machine, whereas the spontaneous approach is designed to 
offset the work of breathing by assisting the patient’s spontaneous effort. 

In a study aiming for normocapnia in COPD (baseline PaCO2 = 59.5 ± 8.4 mmHg), passive ventilation 
was achieved by providing inspiratory pressures with a mean of 30.4 ± 3.9 cmH2O and respiratory 
rates of 22.9 ± 1.9 breaths/min [248]. These authors have suggested that a high back-up rate (and 
inspiratory pressure) is required to reverse hypercapnia and stated that the use of spontaneous mode 
in some studies was the reason why there was no change in hypercapnia in patients with stable 
COPD [241, 270]. 

In contrast to the above, other researchers have chosen a spontaneous mode as they have observed 
that excessively increasing the respiratory rate can lead to greater patient-ventilator dysynchrony and 
may be poorly tolerated by patients without apnoea [240]. One study which compared one night spent 
on spontaneous versus one night spent on spontaneous-timed mode against a control night, included 
5 patients with COPD (baseline FEV1 = 0.6 L and PaCO2 = 59 mmHg) [271]. Here it was 
demonstrated that the time spent below SpO2 < 90% was significantly reduced in both modes of 
ventilation compared to the control night with no statistical difference between the two modes. A 
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similar finding was also found for overnight transcutaneous carbon dioxide improvements. Whilst 
visual analogue scales showed no significant difference in ventilatory modes with respect to comfort 
and sleep quality, PSG was not performed to objectively assess sleep consolidation, arousals or sleep 
stage proportions. These authors suggested that spontaneous is as effective as spontaneous-timed 
mode in patients who can adequately trigger the machine (including patients with COPD who are 
unable to tolerate oxygen therapy alone through worsening hypercapnia) and it has the benefits of 
substantial cost savings in these patients. 

 

Key points: 

• Intensive inpatient acclimatisation to NIV has been shown to improve compliance. 

• Education should be long enough for the patient or carer to achieve mastery over NIV application. 

• Either nasal or oronasal masks may be used. However, patients should be exposed to an oronasal 
mask, which are predominantly used during exacerbations. 

• Spontaneous mode appears to be as effective as spontaneous/timed mode with respect to gas 
exchange in patients who can adequately trigger the machine. 

 

 

2.6.6 TITRATION OF NIV 
The use of pressure devices appears adequate especially as the majority of patients with stable 
COPD requiring NIV are not ventilator dependent, believed to offer better synchronisation [16] and 
health-care funding constraints favour the cheaper pressure pre-set machines over volume preset 
devices. If there is a need for a volume preset ventilator, set up and titration should be carried out at a 
centre familiar with the use of such devices. 

Titration principles for chronic stable COPD using bilevel devices during full polysomnography should 
include: 

i) Commence with an EPAP that is comfortable for the patient, with an aim of offsetting intrinsic 
PEEP [272, 273] to reduce the work of breathing. Whilst in the typical clinical situation intrinsic 
PEEP is not measured, an EPAP of 4-6 cmH2O is usually appropriate unless there is evidence of 
marked dynamic hyperinflation [269, 274, 275]. 

-  Increasing EPAP over a certain level may increase lung volume and inturn worsen dynamic 
hyperinflation.  

-  In addition, EPAP needs to be further increased where ineffective triggering (in the absence of 
leak) occurs due to complete or partial upper airway obstruction. Patients with COPD may also 
have other co-morbidities, such as OSA from obesity (overlap syndrome), and a higher EPAP 
may be required to treat upper airway dysfunction. 

ii) Increase the IPAP – EPAP difference to resolve hypoventilation, ensuring that pressures are 
sufficient to ensure effective ventilation [276]. A Cochrane review [222] reported that it is 
questionable whether IPAP pressures below 14 cmH2O is enough to improve ventilation in stable 
COPD, as the only included RCT which demonstrated positive results was above 14 cmH2O with 
mean IPAP pressures of 18 cmH2O [224]. 

iii) Triggering from EPAP to IPAP should be consistent if adequate EPAP is used to offset intrinsic 
PEEP, leaks are minimised and respiratory rate is not excessively high. If triggering remains a 
problem, a trial of spontaneous-timed can be initiated and captured on PSG for comparison. 

iv) Entrain oxygen initially aiming for a SpO2 baseline > 88%, but not excessively higher than this in 
order not to mask any residual hypoventilation. Optimise ventilatory settings first, prior to making 
any further adjustments to entrained oxygen. Supplemental oxygen has been added generally to 
maintain oxygen saturations between 88 to 92% [227]. 
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2.6.7 FOLLOW UP CARE AND ANCILLIARY CARE 
Given that there is very limited evidence to support the use of NIV for the majority of patients with 
COPD, the appropriateness of long-term NIV must be supported by objective evidence that the 
patient, in a stable state, has experienced clinical or physiological improvements. Requests for 
respiratory equipment should be made by representatives of a multidisciplinary team from a centre 
with recognised experience in the assessment and management of patients requiring home ventilatory 
support. 

After initial acclimatisation to non-invasive ventilation the following should be performed and assessed 
[277]: 

i) Home trial of NIV for a 2-month period completed 

ii) Patient compliant with therapy >4hrs/night 

iii) Documentation of improved daytime blood gases or nocturnal gas exchange 

iv) Improved symptoms such as sleep quality or symptom score on quality of life questionnaires 

v) Reassess the continued need for supplemental oxygen especially if recently commenced during 
an acute exacerbation 

 

Once a patient with COPD has been established on treatment the following should occur: 

i) Annual electrical safety checks or as per manufacturers instructions. 

ii) Written client information regarding their responsibilities with respect to the care and 
maintenance of the equipment, and to regular clinical review to ensure benefit from therapy and 
identify changes to treatment that need to occur and to monitor compliance. 

iii) Regular clinical review either by the service that established therapy or an appropriately trained 
sleep physician closer to home. This should include checking of filters and mask/tubing as well 
as confirming machine settings remain as documented.  

iv) Arterial blood gases and weight should be measured periodically at the discretion of the treating 
service or physician. 

v) Written information for the patient explaining hypoventilation syndromes and the implications for 
surgery, sedative procedures or uncontrolled oxygen therapy. Also, the patient and relatives 
should be instructed to bring in their NIV equipment if they are admitted for either planned or 
unplanned (acute exacerbation) admissions. 

vi) Remaining life style issues should be addressed and appropriate referrals made to smoking 
cessation clinics, pulmonary rehabilitation and dietitians for nutritional deficits [229, 231]. 

  

Key points: 

• Regularly monitor compliance, especially as compliance can be much lower in COPD diagnostic 
group. 

• Monitor changes in appropriate HRQoL questionnaires. 

• Ensure patient has been referred to a smoking cessation programme, pulmonary rehabilitation 
programme and to a dietitian for management nutritional deficits or calorific surpluses. 
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RECOMMENDATIONS FOR CHRONIC OBSTRUCTIVE PULMONARY DISEASE  Grade 

Nocturnal NIV is indicated in COPD with PaCO2 > 50 mmHg, where there is evidence of 
signs and symptoms of sleep disordered breathing, and full PSG demonstrates 
nocturnal hypoventilation (based on a measure of PaCO2) that is not corrected or made 
worse by LTOT alone.  

D 

Recurrent hospitalisations (2 or more in a year) for acute hypercapnic respiratory failure 
(especially life threatening events) or difficulty weaning from invasive ventilation are an 
indicator for assessment for domiciliary NIV. 

C 

Titration for long term NIV should occur when the COPD patient is chronically stable 
(pH>7.35) and free from exacerbation. D 

Bi-level ventilation should be commenced in the spontaneous mode, unless there is 
specific evidence that the patient is unable to trigger the machine. D 

Adequate IPAP-EPAP difference is required to ameliorate hypoventilation. A 

Compliance with NIV therapy is improved with intensive inpatient acclimatisation of 
adequate duration. B 

Initial review of patients should occur at 6 to 8 weeks following the commencement of 
NIV to determine the clinical response to therapy. D 

Compliance is deemed adequate at > 4 - 6 hours per night. C 

Changes in awake blood gases are not the best measure of effectiveness of NIV in 
chronic hypercapnic COPD. Changes in symptoms including exertional dyspnoea, 
control of nocturnal hypoventilation, reduction in hospital admissions and HRQoL (SF-
36) are better indicators of the patient’s response to therapy. 

C 

If supplemental oxygen is entrained through the bi-level machine at initial 
commencement, continuation of supplemental oxygen should be reviewed at the 
subsequent review.  

D 
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CHAPTER 2.7     CYSTIC FIBROSIS 
 

AMANDA PIPER 

 

 

2.7.1 BACKGROUND 
Cystic fibrosis is a common genetic disorder characterised by mucus hypersecretion, airway 
inflammation and chronic pulmonary infection. Airway obstruction worsens over time with ongoing 
parenchymal damage, affecting gas exchange. For most patients pulmonary complications are the 
major cause of morbidity and mortality. Lung damage creates V/Q mismatch, resulting in hypoxemia. 
With disease progression, alterations in lung compliance and resistance occur increasing the work of 
breathing. This, coupled with poor nutritional status, eventually produces a fall in tidal volume with 
further worsening of hypoxia and the emergence of hypercapnia. It is thought that significant nocturnal 
falls in SaO2 can contribute to the development and progression of pulmonary hypertension in patients 
with CF [278]. The appearance of pulmonary hypertension even at a subclinical degree has been 
found to be associated with increased mortality [279] and the development of hypercapnia has been 
linked to poorer survival [280, 281]. Therefore, identifying at risk patients and intervening to correct gas 
exchange abnormalities early before irreversible changes to the cardiovascular system develop are 
considered important therapeutic goals [282, 283].  

Additionally, the progressive decline in lung function and frequent exacerbations that characterise this 
disorder results in impaired quality of life [284]. From cross sectional studies, it appears that pulmonary 
exacerbations of CF have a profound impact on physical and psychosocial aspects of quality of life, 
more so than other traditional severity measures such as FEV1 percent predicted and nutritional 
indices [285]. Therefore, the introduction of any intervention that is able to reduce the frequency or 
severity of exacerbations could have a significant impact on health outcomes for these patients. 

 

Sleep, breathing and gas exchange 

Sleep acts as a further load on breathing, and it is during this period that hypoventilation first appears 
[286, 287]. Nocturnal respiratory events are usually confined to REM sleep initially and are 
characterised by increased respiratory variability together with reduced chest wall movement and 
inspiratory flow [282]. Minute ventilation is reduced resulting in poorer oxygenation during REM 
compared to non-REM sleep with a concurrent rise in transcutaneous carbon dioxide [288].  

Polysomnographic data regarding objective sleep quality in this population is contradictory with some 
studies reporting sleep architecture and efficiency as similar to that seen in normal controls [278, 289], 
while in other studies sleep is markedly abnormal [290-292]. These differences are likely due to 
variations in disease severity of the patients studied, as a number of studies have shown a relationship 
between changes in sleep quality and lung function [292, 293]. Actigraphy studies performed over 
several nights have demonstrated significantly more disrupted sleep in CF patients compared to age 
matched controls, with more fragmented sleep seen in those with more severe lung disease [294, 295]. 
These objective findings are supported by subjective ratings of patients who perceive their sleep 
quality as poor [293-295]. This increased sleep fragmentation or loss appears to have consequences 
for daytime functioning. CF patients have been shown to have objective evidence of daytime 
sleepiness, while neurocognitive performance is only around 60% of that seen in healthy age-matched 
controls [290]. Although the data is limited, it is generally thought poor quality sleep has a significant 
impact on quality of life and clinical outcomes in this population, and is most marked in those 
individuals with more severe lung disease. 

 

Key points: 

• Since pulmonary hypertension and hypercapnia are linked to poorer survival in CF, identifying at 
risk individuals and correcting abnormalities in gas exchange is important. 

• Sleep, especially rapid eye movement sleep, is a time of vulnerability for gas exchange 
abnormalities, and is most marked in those individuals with more severe lung disease. 
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2.7.2 TREATMENT OPTIONS 
Oxygen therapy for nocturnal hypoxemia 

Oxygen therapy for hypoxemia has been the standard of care for patients with chronic lung disease 
including those with CF for decades. Supplemental oxygen is usually introduced when PaO2 falls below 
55mmHg (or SpO2<88%) based on two large long-term trials in people with chronic obstructive 
pulmonary disease [296, 297]. The development of pulmonary hypertension and cor pulmonale are 
associated with higher mortality rates [279]. Pulmonary artery systolic pressure correlates with awake, 
post exercise and sleep SpO2 in CF [279], and pulmonary hypertension in CF can be reduced with 
oxygen supplementation [298]. Therefore, identifying and preventing oxygen desaturation including 
during the sleep period has become standard care, with the aim of preventing the development and/or 
progression of pulmonary hypertension [299].  

There is a paucity of data confirming the benefits of oxygen therapy in CF and its effect on quality of 
life, morbidity or mortality [300]. Supplemental oxygen sufficient to raise awake SpO2 level above 92% 
in patients with moderate-to-severe CF lung disease has been shown to prevent desaturation during 
sleep [301]. There appears to be no significant change in sleep architecture with the introduction of 
oxygen therapy despite improved SpO2 [288, 301, 302], although a small but probably clinically 
significant rise in CO2 during REM can occur [288, 301-303]. Only one trial has reported the long term 
effects of nocturnal oxygen therapy in CF, evaluating its impact on mortality, frequency of 
hospitalisation, lung and right heart function, nutritional status, psychosocial and cognitive aspects of 
daily living over a 2 year period [304]. These authors were unable to detect any benefit of nocturnal 
oxygen therapy, although there was a trend towards improved right ventricular ejection fraction and 
cardiac output in those receiving oxygen. However, study numbers were small (14 in each group), and 
subjects were enrolled based on a daytime PaO2 <65mmHg, without measurement of sleep 
oxygenation either on or off supplemental oxygen.  

A major problem in this area is that a threshold of nocturnal desaturation that is physiologically 
significant in CF patients has not been established. Investigators have used SpO2 values of <90% for 
>5% of the night [302, 305] or mean minimum average SpO2 < 90% [291] to classify CF patients as 
experiencing nocturnal hypoxemia, while a Consensus Report regarding Cystic Fibrosis Adult Care 
have suggested >10% of the total sleep time below 88-90% [299]. These criteria for oxygen therapy 
are more liberal than current TSANZ guidelines for nocturnal oxygen therapy that state “nocturnal 
oxygen therapy may be indicated in patients whose nocturnal arterial oxygen saturation falls below 
88% and who have evidence of hypoxia-related sequelae” or where “SpO2 <88% for more than a third 
of the night” [175]. 

 

Key points: 

• Criteria for introducing oxygen therapy in CF is based on long-term trials in patients with COPD 

• The threshold of nocturnal desaturation that is physiologically significant in CF has not been 
established. 

• Since the development of pulmonary hypertension is associated with higher mortality rates, and 
pulmonary artery systolic pressure correlates with sleep SpO2, the identification and prevention of 
oxygen desaturation has become a standard of care. 

• There is limited data regarding the benefits of oxygen therapy in CF with regard to its effects on 
HRQoL, morbidity or mortality. 

 

 

2.7.3 SCREENING FOR SLEEP DISORDERED BREATHING  
Since the development of hypoxia and hypercapnia are considered to have significant clinical 
consequences in CF, identifying daytime measurements that predict abnormal gas exchange during 
sleep has been the focus of some attention. Significant oxygen desaturation can be missed in these 
patients unless it is specifically sought. Unfortunately, although resting awake SpO2 and FEV1 have 
been shown to be associated with nocturnal oxygenation [305], there are no thresholds of these 
measurements that reliably exclude those who do not desaturate. While patients with significant 
nocturnal desaturation tend to have more advanced pulmonary disease [305, 306], use of basic lung 
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function variables such as FEV1 does not add significantly to the discriminatory power of SpO2 [307]. 
Evening PaO2 and morning PaCO2 have been found to be the most predictive of sleep-related 
oxygenation in patients with moderate-to-severe lung disease, accounting for 74% of the variability in 
SpO2av percentage [291]. However, for most centres obtaining arterial blood gases at these two time 
points while the patient is in a stable state will be logistically difficult. Therefore, nocturnal SpO2 
monitoring should be performed in all individuals thought to be at risk. 

 

Key points: 

• Individuals with awake resting SpO2 <94% and/or FEV1 <65% predicted are considered to be most 
at risk of developing nocturnal desaturation. 

• Nocturnal SpO2 monitoring is the only method to accurately detect individuals who desaturate 
during sleep. 

 

 

2.7.4 OUTCOMES 
Currently only one longer term randomised trial of nocturnal ventilatory support has been conducted, 
and this was a crossover 18 week trial, comparing nocturnal air, nocturnal oxygen and NIV in stable 
subjects with daytime hypercapnia [302]. Two earlier studies compared NIV to oxygen [303] or to air 
and oxygen [288] in a randomised fashion. However, these latter studies were conducted over a single 
night only. Most data dealing with the long-term use of NIV in patients with CF arise from case series or 
case control studies. When interpreting outcomes in this population it should be borne in mind that, 
although improvements in management have significantly improved survival, lung disease remains 
progressive and patients will eventually succumb to respiratory failure. Consequently, the ultimate aim 
of NIV for these individuals is to improve symptoms and survival until transplantation is possible [308]. 
In those deemed unsuitable for transplant or in whom suitable organs will not be found in time, NIV 
may reduce the burden of disease and improve the quality of the life they have left. However, 
alternative measures to ease breathlessness and promote comfort in the end stages of the disease will 
need to be implemented.  

 

Physiological 

Arterial blood gases 

Although initial improvements in PaCO2 can be achieved [267, 309-311], in contrast to other disorders 
where NIV is commonly used, reduction in PaCO2 is not necessarily achieved in CF [302, 308], 
especially over the longer term. However, significant improvements in dyspnoea, quality of life and 
exercise tolerance can be achieved following NIV without changes in awake blood gases [302]. 

 

Work of breathing 

Short term physiological studies during wakefulness have demonstrated that NIV can significantly 
reduce diaphragmatic pressure time product and the work of breathing in both children [312] and adults 
[313, 314] with severe CF lung disease. In addition to unloading inspiratory muscle activity, NIV also 
increases tidal volume and reduces respiratory rate, thereby improving alveolar ventilation [312, 313]. 
This has also been shown in sleep [288].  

 

Clinical 

Lung function  

In CF, lung disease is characterised by an irreversible decline in lung function over time. Therefore, 
demonstrating a slowing in the decline of lung function with NIV represents a strong argument 
favouring this technique. Over a 6-week period, NIV had no impact on lung function [302]. However, in 
a case control study of patients with advanced disease, 12 months of NIV was associated with a 
stabilisation of the decrease in lung function [315]. Improvements in respiratory muscle have also been 
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reported following use of NIV during chest physiotherapy [316, 317] and after longer term nocturnal 
ventilatory support [267]. 

 

Sleep quality and gas exchange 

In several uncontrolled early studies, improved sleep quality on NIV was reported [267, 318]. However, 
objective findings from overnight randomised trials have been conflicting, with no changes in sleep 
macrostructure found [288, 302] or an increase in REM compared to room air [303]. Oxygen therapy 
and NIV appear to be equally effective in improving mean nocturnal SpO2 in NREM and REM sleep 
[288, 303]. In contrast to oxygen therapy, which induces increases in nocturnal carbon dioxide, NIV 
has consistently been shown to significantly reduce nocturnal carbon dioxide [288, 302, 303]. 
Nocturnal ventilatory support at appropriate pressures is able to improve minute ventilation by 
ameliorating the significant fall in tidal volume, which is frequently seen in patients with severe lung 
disease [288]. 

 

Daytime symptoms and performance  

In a number of case series reports, meaningful subjective improvements in dyspnoea have been 
reported following the introduction of NIV [310, 313]. In a randomised trial, an increase in Transitional 
Dyspnoea Index of 3.1 units was seen with NIV compared to placebo [302]. While adult patients with 
cystic fibrosis and severe lung disease have impaired neurocognitive function and daytime sleepiness 
[290], these parameters did not improve with the use of nocturnal bilevel support, at least over a 6-
week treatment period [302]. 

 

Acute exacerbations 

No randomised studies have yet evaluated the impact of NIV used long term on the rate of acute 
exacerbations. However, data from case series have reported reductions in the number of hospital 
days following the commencement of NIV compared to the period prior to using NIV [310]. Single 
intervention studies using NIV as a method of airways clearance in patients with moderate to severe 
lung disease have demonstrated improvements in respiratory muscle function and oxygen saturation, 
while reducing dyspnoea and perceived effort during therapy were lower when NIV was used 
compared to standard therapy alone [316, 317, 319]. 

Bilevel ventilatory support has emerged as a useful therapeutic alternative to invasive ventilation in 
patients presenting with severe exacerbations of their lung disease and respiratory failure [320, 321]. 
However, the clinical deterioration that can accompany such episodes may necessitate the introduction 
of NIV on an ongoing basis to maintain clinical stability. NIV may be used as bridge to transplant [322] 
or to improve survival to hospital discharge [321] and beyond [323]. In one study, the need for ICU 
admission led to a change in chronic management in many survivors, with the implementation of home 
NIV in 28% of individuals [320].  

 

Exercise tolerance 

This has been reported in only one study. In a randomised trial comparing air, nocturnal oxygen and 
nocturnal NIV, NIV produced a significant increase in shuttle distance compared to room air [302].  

 

Quality of life 

While a number of uncontrolled trials have suggested that the implementation of NIV can improve 
quality of life in individuals with CF, only one randomised trial to date has addressed this issue. Young 
et al [302] found that NIV significantly improved the chest symptom score of the CF Quality of Life 
questionnaire, with no change during the periods on nocturnal air or oxygen therapy. However, they 
were unable to show changes in any other HRQoL measure including the ESS or the PSQI. 

 

Survival 

There have been no long-term studies specifically addressing this issue.  
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Compliance 

NIV is not tolerated by all patients [302, 303], and insufficient inspiratory support may limit the degree 
to which nocturnal hypoventilation is attenuated [288, 302]. When asked, patients generally prefer 
oxygen therapy to NIV, at least initially [302, 303]. In the longer term randomised trial, a mean nightly 
use of 4.3 hrs was sufficient to induce significant improvements in exercise tolerance, reduce 
breathlessness and improve the chest symptom score of the CF HRQoL questionnaire [302].  

 

Adverse effects 

Aerophagia [302, 318] and skin breakdown [324] have occasionally been reported. Worsening of 
mucus plugging or drying of secretions has not been found to be a problem [302, 318], although 
humidification may be required in some patients [302, 318]. Spontaneous pneumothorax is also a 
common complication of CF lung disease, characterised as it is by apical subpleural cysts that often 
rupture. Despite this, pneumothorax occurrence during NIV appears to be a rare occurrence [325]. 

 

Key points: 

• NIV may be introduced for chronic stable hypercapnic disease or following an acute exacerbation 
where NIV has been used but the patient’s clinical condition remains impaired relevant to their 
baseline state despite prolonged hospitalisation. 

• Significant physiologic and clinical benefits can be achieved with the use of NIV in patients with 
daytime hypercapnia and/or nocturnal hypoventilation. 

• Exercise tolerance and quality of life can also be improved. 

• The impact of therapy on the incidence of acute exacerbations and survival has not been studied. 

• No major adverse effects have been reported. In particular, worsening of mucus plugging or 
increased incidence of pneumothorax has not been seen. 

 
 

2.7.5 INDICATIONS FOR NIV 
There is presently no data available to guide when is the most appropriate time to commence nocturnal 
ventilatory support in this population. It is also important to remember that the clinical course with CF 
may be one of slow deterioration over months or conversely, a rapid, dramatic step change following 
an acute exacerbation. In the first situation, NIV may be introduced with the aim of improving quality of 
life, symptoms and slowing the development of pulmonary hypertension. In the second situation, the 
aim of therapy is primarily to “bridge” the patient to transplant or transplant evaluation, permitting them 
the opportunity to return home in the interim. In the latter case only limited benefits of therapy can be 
expected [312]. 

In patients in a stable clinical condition: 

• Daytime blood gases showing a PaCO2 >45mmHg [302] 

• Nocturnal gas exchange demonstrating SpO2<90% for >5% of TST and/or a rise in 
transcutaneous CO2 from NREM to REM >5mmHg performed during room air breathing [302]  

 

In patients experiencing an acute deterioration: 

• Awake PaCO2 remains > 45mmHg despite maximal medical therapy including inpatient NIV 
therapy 

• The patient remains clinically impaired compared to their normal stable state (e.g. loss of lung 
function, increased breathlessness, increased oxygen need) despite a prolonged period of 
hospitalisation (>2 weeks). 

• The patient has been tolerant of NIV and is willing to continue a trial of NIV at home 
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2.7.6 IMPLEMENTATION AND TITRATION OF NON-INVASIVE VENTILATION 
Baseline measurements 

Awake spontaneous blood gas measurements should be obtained. To assess the benefits of 
introducing NIV in patients with stable disease, lung function, quality of sleep and quality of life are 
important parameters and should be documented, where possible, prior to commencing therapy. In 
addition, a chest X-Ray should be assessed to ensure no pneumothoraces are present [308].  

Increasingly, NIV may be used during acute deterioration of patients to avoid intubation [320, 323], as 
acute on chronic respiratory failure is a significant predictor of mortality in those receiving invasive 
ventilation [326]. In addition to the risk of death during these episodes, there may also be considerable 
physiologic deterioration with irreversible worsening of the individual’s pulmonary status. As a 
consequence, a significant proportion of patients hospitalised with initial severe respiratory 
deterioration may require NIV as home therapy at hospital discharge [320, 323]. In these individuals, 
stable baseline measurements from prior to their deterioration may not reflect their current clinical 
state.  

Comfort on ventilatory support is a major consideration when using NIV in CF. A thorough explanation 
of the principles of therapy, progressive stepwise increments in ventilatory assistance and ongoing 
training is required to fully acclimatise the patient to treatment [312]. This means time needs to be 
taken to optimise not only IPAP and EPAP settings, but also to determine appropriate triggering and 
pressure delivery slopes to maximise patients’ comfort. Although NIV for home use is usually 
introduced when evidence of sleep hypoventilation or daytime respiratory failure becomes apparent, it 
has been suggested that familiarising the patients with the technique beforehand may be 
advantageous [308]. 

 

Mode and settings 

Volume preset devices were initially used in these patients, mostly under circumstances of acute on 
chronic respiratory failure where the aim of therapy was to bridge the patient to transplant [267, 322]. In 
these reports, patients were considered end stage and PaCO2 ranged for 59-87mmHg prior to 
commencing NIV. In later case series, pressure preset devices primarily in the form of bilevel machines 
have been used [309, 310, 318]. In an experimental protocol, the pressure preset and volume targeted 
modes were compared during daytime breathing in eight children with CF and chronic respiratory 
failure. Both modes were equally effective in unloading the respiratory muscles and improving gas 
exchange, although the majority of patients preferred the pressure preset mode [312]. As bilevel 
devices are easier to set-up and better tolerated, it has been recommended that this mode should be 
the first option in this patient group [327]. In the longer-term randomised trial comparing NIV with 
oxygen and a placebo, a bilevel device was used, with a mean IPAP of 12cmH2O and EPAP of 
5cmH2O. Other studies have used higher inspiratory pressures [311, 328]. Although increasing the 
level of ventilator assistance should produce progressive decreases in inspiratory muscle effort and 
dyspnoea, it may also be accompanied by increases in the rate of ineffective triggering [329].  

 

Monitoring 

Initial settings are usually clinician driven, with machine variables adjusted according to pulse oximetry, 
respiratory rate on the device, minute ventilation and comfort [311, 328]. In a study evaluating setting 
up NIV for patients with stable NIV using clinical monitoring versus a more invasive approach 
(oesophageal and gastric catheters), both approaches were found to be equally effective in unloading 
the respiratory muscles and improving gas exchange [328]. However, a small comfort benefit with the 
invasive method was seen, which was thought to be due to improved patient-ventilator synchronisation 
obtained by the invasive method. A recommendation arising from this data suggests a standard clinical 
method to set up NIV in most patients but that more detailed investigation is warranted in those 
patients experiencing difficulty tolerating therapy [328].  

 

Particular precautions/issues 

Although there is no current evidence to suggest that there is a higher incidence of pneumothorax in 
CF patients managed with NIV compared to CF patients receiving standard therapy [325], careful 
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surveillance is recommended. Patients should be alerted to the symptoms suggestive of pneumothorax 
and be instructed to seek immediate medical attention should these symptoms occur.  

 

2.7.7 ONGOING FOLLOW UP AND ANCILLARY CARE 
Cystic fibrosis is a progressive disorder, characterised by ongoing parenchymal damage. 
Consequently, periodic review of the patient’s response to therapy and adjustment of settings is 
required. In addition, the aims and limitations of therapy need to be clearly outlined and discussed with 
the patient. While NIV can provide an additional period of clinical stability with symptom relief, this extra 
time is limited. In patients in whom transplantation is contraindicated or declined, alternative methods 
of symptom relief and management will need to be introduced at the appropriate time.  

As improvements in exercise tolerance, symptoms and breathlessness can be achieved by six weeks 
of therapy [302], patients should be reviewed following 6-8 weeks on therapy to determine their clinical 
response and compliance with therapy. Although a reduction in CO2 may be achieved with NIV, this 
does not need to occur for other clinical benefits to be realised [302]. Therefore, a fall in PaCO2 should 
not be the only criteria by which the appropriateness of continuing NIV should be judged. 

Tolerance of NIV can be problematic in this population [302, 303] and not all patients will accept 
pressures that are therapeutically effective [288]. Therefore, regular review of compliance data should 
be undertaken to check whether the patient is achieving sufficient time on therapy for benefit. Current 
data suggests that at least 4 hrs/night of therapy is required for clinical benefit [302].  

If the patient is not tolerant of therapy or is failing to respond as expected, a trial of different settings or 
mode of support should be undertaken [328]. Although bilevel support is most commonly used and 
best tolerated when NIV is initially introduced, there is evidence that a volume preset mode may offer 
additional benefits in some individuals, through further reductions in the work of breathing [312]. 
Therefore, a trial of this mode should be considered where there is a poor response to bilevel support, 
blood gases are deteriorating and the patient is actively listed for transplant [308].  

The need for humidification during NIV in this population has not been specifically studied. However, 
NIV is known to deliver air with a low relative humidity, especially with high inspiratory pressures. 
Reduced inspired humidity may have adverse effects on mucociliary function including decreased 
ciliary function, increased mucus viscosity, and inflammation of the airway mucosa. As CF is 
characterised by problems with tenacious secretions, the risk of adding to this problem should be 
minimised. The addition of a heated humidifier increases the relative and absolute humidity to levels 
acceptable for non-intubated patients [330]. Therefore, consideration should be given to using heated 
humidification during NIV. 

The role of polysomnography in CF patients for NIV titration and follow up remains unknown. Daytime 
determination of settings using a clinical response and comfort approach has been shown to be as 
effective as more invasive techniques aimed at reducing the work of breathing, in improving patient-
ventilator synchronisation [328]. However, it is unknown if these findings extend to optimal 
synchronisation during sleep. Polysomnography was used to titrate pressures and minimise leaks in 
the single longer-term randomised trial performed to date [302].  

 

Key points: 

• Bilevel support is as effective as volume ventilation, at least initially, and is preferred by the 
majority of individuals. 

• Basic clinical monitoring such as SpO2, TcCO2 / ETCO2, respiratory rate and comfort is sufficient in 
most cases to set up NIV initially. 

• Daytime blood gases may not alter with NIV even though significant improvements in other clinical 
parameters are achieved. 

• Compliance with therapy should be regularly checked. 

• Poor tolerance or failure to respond as expected to therapy should trigger a trial of different 
settings or a different mode of support. 

• Polysomnography is useful to trouble shoot problems with therapy such as poor synchronisation, 
leak or persisting hypoventilation. 
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RECOMMENDATIONS FOR CYSTIC FIBROSIS Grade 

Individuals with awake SpO2<94% or spirometry (FEV1<65% predicted) are at risk of 
nocturnal oxygen desaturation. Overnight oximetry should be undertaken in individuals 
meeting these criteria. 

C 

Hypoxia, hypercapnia, or an elevation in serum bicarbonate indicate the need for 
additional respiratory assessments and interventions. D 

Non-invasive ventilation is indicated if daytime CO2>45mmHg and nocturnal gas 
exchange shows SpO2<90% for >5% of TST and/or a rise in TcCO2 from NREM to REM 
>5mmHg during room air breathing occurs. 

B 

Nocturnal NIV is more effective than oxygen therapy in controlling nocturnal 
hypoventilation in patients with hypercapnic CF lung disease. A 

Bilevel ventilation should be trialled initially. Volume ventilation may offer additional 
benefits in some individuals especially if work of breathing is high. B 

NIV does not appear to increase the incidence of pneumothorax, but this is a relatively 
common occurrence in this population. Therefore, patients need to be educated 
regarding the symptoms of pneumothorax and should seek immediate medical attention 
should these symptoms arise. 

D 

Changes in awake blood gases are not the best measure of the effectiveness of NIV. 
Changes in symptoms, exertional dyspnoea and exercise tolerance, and control of 
nocturnal hypoventilation are better indicators of the patient’s response to therapy. 

B 

NIV may be used in patients unsuitable for transplant to relieve symptoms and improve 
sleep quality. However, alternative methods of symptom relief need to be introduced at 
the appropriate time. 

D 

Initial review of patients should occur at 6-8 weeks following commencement of NIV to 
determine clinical response to therapy. B 

Consider the use of heated humidification in all patients to minimise the risk of secretion 
drying and retention. D 
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CHAPTER 2.8     HYPERCAPNIC CENTRAL SLEEP 
APNOEA / CENTRAL ALVEOLAR HYPOVENTILATION  

 

DANIEL FLUNT 
 

 

2.8.1 BACKGROUND 
 

This is a group of disorders characterised by primary abnormalities in ventilatory control leading to 
central apnoea and ultimately hypoventilation during sleep (see Table 6). 

The congenital form of the disorder is known as congenital central hypoventilation syndrome (CCHS) 
or “Ondine’s Curse” and produces severe sleep hypoventilation although adequate ventilation during 
wakefulness is usually maintained. In addition to the respiratory manifestations of this disorder, CCHS 
is also associated with a more global autonomic nervous system dysfunction. The disorder is 
diagnosed in the absence of primary neuromuscular, lung or cardiac disease, or the presence of an 
identifiable brainstem lesion [331]. The abnormality arises from mutations of the PHOX2B gene [332]. 
During sleep, these children have little or no ventilatory sensitivity to CO2, and a variable or absent 
sensitivity to hypoxia. Ventilatory responsiveness to chemical stimuli is also abnormal during 
wakefulness. Consequently, severe alveolar hypoventilation during sleep develops during spontaneous 
breathing, necessitating long term nocturnal ventilation. However, CCHS differs from other respiratory 
disorders causing hypoventilation during sleep in that the level of ventilation, though abnormal, is better 
in REM than non-REM sleep [333]. With improved care, patients with CCHS are surviving into their 
adulthood with 13 of 196 patients surveyed (including countries from North America, European Union 
and Australia) aged over 20 years [334]. Although generally thought of as a paediatric disorder, a 
recent case series identified 5 adults presenting after the age of 21 with respiratory failure without early 
overt manifestations of CCHS yet heterozygous for a polyalanine expansion mutation in the PHOX2B 
gene [335]. 

Central hypoventilation may also be acquired following neurologic disorders that affect the brainstem, 
such as stroke, vascular malformations, infections and brainstem tumours. If no cause for the 
hypoventilation can be found the disorder is labelled idiopathic. However, it is possible that many of 
these individuals have milder forms of disorders known to cause hypoventilation. Opioid-induced 
central apnoea and hypoventilation may be another cause of abnormal sleep gas exchange and 
daytime respiratory failure. Central sleep apnoea is common in this population [336] along with 
prolonged periods of hypoventilation. In stable methadone managed patients, central chemosensitivity 
is reduced while peripheral chemosensitivity is increased. Although the exact mechanisms underlying 
the development of sleep disordered breathing in this population remains unclear, the interplay 
between depressed respiratory drive and abnormalities in chemoreceptor sensitivity undoubtedly plays 
an important role [337].  
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Table 6:  Manifestations of hypercapnic CSA secondary to impaired central drive, especially 
with brainstem involvement [338-340] 

Congenital Congenital Central Hypoventilation Syndrome (CCHS) 
Neurologic conditions Tumours / Space occupying lesions  
 Vascular malformations 
 CNS infection / Encephalitis 
 Bulbar polio-myelitis 
 Stroke / Infarction / Near drowning 
 Neurosurgical procedures 
 Cervical cordotomy 
 Arnold-Chiari malformation 
 Shy-Drager syndrome 
Pharmacological  μ-Opioid / Methadone induced SDB 
Radiotherapy Radiation necrosis 
Idiopathic Alveolar hypoventilation in patients in the absence of:  

- lung and chest wall abnormalities or 
- skeletal malformations or  
- neuromuscular disorders  

 

  

Key points: 

• Hypercapnic central sleep apnoea occurs when abnormalities in primary ventilatory control causes 
a lack of respiratory effort resulting in awake PaCO2 > 45 mmHg. 

• There are multiple aetiologies of hypercapnic central sleep apnoea, and whilst some arise from 
genetic mutations (e.g. PHOX2B in CCHS), the remainder are usually caused from a disruption to 
the normal function of respiratory centres in the brainstem. 

 

 

2.8.2 SCREENING & INVESTIGATIONS 
Investigations in this category are two-fold. Firstly it is to exclude lung and chest wall abnormalities, 
skeletal malformations and neuromuscular disorders. In this instance full lung function (including 
respiratory muscle testing) [16], neurological examination, fluoroscopy of the diaphragm and muscle 
biopsies should be essentially normal [335]. In the absence of the above, screening for central alveolar 
abnormalities could be assisted by the presence of: reduced or absent ventilatory responses (including 
observations such as extreme amounts of time spent underwater without perceiving physiological 
compromise) [341]; radiographic abnormalities in the brainstem region; evidence of specific gene 
mutations (e.g. PHOX2B) [335]; observed long periods of absent breathing when asleep with signs of 
central cyanosis or if sleep disordered breathing shows improvement in REM sleep compared to non-
REM sleep on a diagnostic sleep study as seen in CCHS and opioid induced centrals [333, 342]. Holter 
monitoring has also revealed decreased heart rate beat to beat variability and increased arrhythmias, 
predominantly sinus bradycardia or transient asystole in conditions of autonomic dysfunction [341].  

 

 

2.8.3 TREATMENT OPTIONS 
When nocturnal hypoventilation is caused by a lack of respiratory muscle activity from an absence of 
central input during sleep, only treatments which maintain effective minute ventilation during sleep will 
be successful. The need to mechanically ventilate patients with severe hypercapnic CSA is clear [338, 
339], with the majority of evidence coming from infants with severe CCHS [334, 343]. Non-invasive 
ventilation is becoming the preferred mode of ventilation delivery if there is no need for invasive 
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ventilation, especially when patients require ventilation during sleep only [334, 340, 344]. Whilst CCHS 
have altered ventilatory responses, the majority of patients do not require supplemental ventilation 
when awake (81.6% of surveyed patients) [334]. When awake alveolar hypoventilation persists, 
ventilation needs to be utilised either for parts of the day (7.7% of surveyed) or for the entire 24 hour 
period (10.2% of surveyed). In infants, this usually necessitates the need for a tracheostomy, although 
decannulation and transference to NIV by the ages of 6-11 years, is feasible. While there are wide 
variations between US and European practices [334], there appears to be an increasing trend for using 
NIV over tracheostomy. Total ventilator dependence requires the continuation of life long 
tracheostomy. With increasing survival into adulthood, specialised adult sleep centres are likely to be 
treating more of these patients in the future, although still infrequently. In other hypercapnic CSA 
conditions there is limited literature, and consequently NIV is commenced in response to the level of 
hypoventilation induced from their pathology.  

Whilst diaphragmatic pacing is used in select individuals, predominantly for residual daytime 
hypoventilation [334], it has the disadvantages of expense and potential problems of upper airway 
obstruction unless a tracheostomy is already in situ.  

In the case of high dose narcotic induced CSA, a gradual reduction of opioid medication may improve 
the central events and stabilise oxygen saturations on polysomnography [338]. With regards to 
methadone, a study has shown using multiple linear regression that the logarithmic methadone blood 
concentration was the only statistical significant variable associated with the logarithmic central apnoea 
index. However, it still only explained 12% of the variance [336].  

 
Key points: 

• Further screening should occur when alveolar hypoventilation is present in the absence of lung and 
chest wall abnormalities, skeletal malformations and neuromuscular disorders. 

• Central sleep disordered breathing is usually worse in non-REM in comparison to REM sleep (e.g. 
CCHS and opioid induced centrals). 

• Only treatments which maintain effective minute ventilation (i.e. domiciliary ventilation) will be 
successful. 

• Especially with regard to CCHS, there is an increasing trend globally (where appropriate) to use 
NIV over tracheostomised invasive ventilation. 

• Reduction in opioid medication may improve central events and stabilise oxygen saturation. 

 

 

2.8.4 OUTCOMES OF NIV IN HYPERCAPNIC CSA 
Outcomes of survival or quality of life are scarce and rely on retrospective observations, predominantly 
in children with CCHS. A summary in 1999 speculated that CCHS not treated with ventilation causes 
death within one to two months from birth [341]. However this does not include the less severe forms of 
the disease which may not overtly present until later in life [335]. Early diagnosis and careful ventilatory 
management of patients with CCHS can minimise the sequelae of hypoxaemia, reduce morbidity and 
improve long-term outcome (including physical and mental outcome) [343, 345].  

Other patients who present with acute or acute on chronic respiratory failure secondary to pathologies 
of the brainstem may demonstrate a failure to wean from nocturnal or 24 hour-dependent ventilation in 
high care environments. As the acute needs of these patients decrease, it becomes obvious in certain 
patients that ventilation needs to be continued in the chronic setting in order to improve daytime 
function and ultimately survival.  

Whilst the conclusion of these findings lack randomised trials, medical communities accept the findings 
in retrospective or observational studies as they provide enough logical justification for the continuation 
of ventilation in this group of patients. Future randomised controlled trials would now be viewed as 
unethical. 
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Key point: 

• Early diagnosis and careful ventilatory management of patients with hypercapnic CSA minimises 
the sequelae of hypoxaemia, which should lead to improvements to long term physical and mental 
outcomes, as well as survival 

 

 

2.8.5 INDICATIONS FOR NIV 
Patients with severe central alveolar hypoventilation are noted to have marked nocturnal hypoxaemia 
and hypercapnia, significant enough to cause daytime hypercapnic respiratory failure [338, 340, 346], 
as well as impacting on daytime function [339, 340]. Nocturnal ventilation should be commenced as 
soon as possible to prevent the patient from experiencing dangerously low levels of hypoxaemia. This 
is especially important in disorders with associated dysautonomia, as sudden death arising from 
cardiac arrhythmias may occur [347]. 

Indications for the initiation of NIV in hypercapnic CSA include: 

i) Clinical diagnosis of a disorder associated with hypercapnic CSA (see Table 6) or if offspring have 
been diagnosed with congenital hypoventilation syndromes [335] 

ii) clinical review to ensure all other appropriate therapies / treatments have been commenced 

iii) awake PaCO2 > 45 mmHg [348]  OR 

 evidence of hypoventilation in non-REM and/or REM sleep (e.g. sustained falls in SpO2 such as 
SpO2 ≤ 88% for > 5 consecutive minutes [106] or increase of peak TcCO2 / ETCO2 ≥ 8 mmHg 
above awake resting values or peak carbon dioxide being > 50mmHg for more than 50% or more 
of sleep time [79]) 

 AND 

iv) symptoms consistent with sleep disordered breathing problem that impacting adversely on the 
patients quality of life [338, 340]  

 OR 

 co-morbidities secondary to hypoxaemia such as pulmonary hypertension or heart failure or 
polycythaemia [335, 340] 

v) demonstration of central events (loss of thoracic and abdominal band movement [338] or 
diaphragmatic EMG with associated cessation of airflow) significant enough to cause nocturnal 
hypoventilation on PSG 

 

 

2.8.6 TITRATION 
As acute or acute on chronic presentations of hypercapnic central sleep apnoea are managed in a 
hospital situation, acclimatisation to NIV (or weaning from invasive ventilation to NIV if appropriate) 
generally occurs in the inpatient setting. Before a treatment sleep study can be organised, clinicians 
should be guided by oximetry and afternoon and early morning arterial blood gases to monitor PaCO2 
acutely and bicarbonate over the longer term. Attempts to correct transient periods of hypoxaemia 
should be initially made by optimising the amount of pressure support and back up rate, prior to 
increasing inspired oxygen, especially if baseline hypoxaemia is not an issue. 

After a period of acclimatisation to the sensation of non-invasive positive pressure ventilation in a back 
up mode, a formal titration should be performed in conjunction with full polysomnogram in order to 
assess the effect of non invasive ventilation across the various sleep stages. In the scenario where a 
patient remains fully ventilator dependent, a tracheostomy would remain in situ and a ventilator 
approved for life support should be arranged and set up based on nocturnal and awake requirements. 
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Titration during PSG in hypercapnic CSA should consider the following: 

i) In isolated sleep hypoventilation – commence using a bi-level pressure preset machine.  

ii) Due to lack of respiratory effort, it is important to set inspiratory times correctly and adequately 
(i.e. pressure control mode or near pressure control mode) as to prevent short ineffectual timed 
breaths. In the presence of normal lung function and mechanics an I:E ratio of approximately 1:2 
can be assumed as a starting point. 

iii) Titrate IPAP-EPAP difference which in combination with the chosen back up rate is sufficient to 
ameliorate hypoventilation. 

iv) Set a pressurisation rate which is comfortable for the patient and is effective enough to provide the 
inflationary pressure within enough time.  

v) Absent ventilatory responses when awake and potential inability to arouse to abnormal gas 
exchange can produce significant hypoventilation if an interruption to ventilation were to occur. 
This could include dislodgement of the mask during sleep or a power failure. Consequently, 
machines with “mask off” or “low pressure” and “power failure” alarms are recommended. 

vi) Supplemental oxygen should only be used if there is residual hypoxemia from parenchymal lung 
disease or baseline hypoxaemia cannot be corrected by ventilation alone.  

vii) In the scenario where pressure support ventilation is not sufficient to stabilise ventilation overnight 
or if ventilator dependence persists, a volume ventilator or more sophisticated “hybrid” ventilator 
with alarms and internal batteries should be initiated.  

 

 

2.8.7 FOLLOW-UP AND ANCILLARY CARE 
In the case of CCHS, where diagnosis and treatment has predominantly occurred before being 
transferred to adult facilities, a full handover including patient and ventilator history and requirements 
should be obtained. Status of ventilator equipment ownership and age should be obtained and acted 
on accordingly. The continued need for auxiliary physiological monitoring (e.g. oximeters / end tidal 
carbon dioxide monitoring) can be assessed and reduced if no longer required. 

Where NIV is commenced for the first time, once nocturnal ventilation appears more stable after initial 
inpatient trials, a review sleep study should be performed within 3 months to ensure that ventilator 
settings are effective, that there are no significant equipment related issues and that compliance with 
therapy is recorded. Due to the rareness of such disorders, it has been proposed that these patients 
should be continued to be managed by specialised teams [349]. 

Once the patient has demonstrated stability on their current settings, they should be monitored 
regularly either by the service that established therapy or an appropriately trained sleep physician 
closer to home. This should include:  

- checking the filters, mask and tubing 

- confirming machine settings remain as documented. 

- arterial blood gases and weight should be measured periodically at the discretion of the treating 
service or physician 

- any signs of chest infection should be reviewed and managed promptly, especially in the case of 
CCHS where a lack of dyspnoea in response to pneumonia may mask severe respiratory 
compromise [341] 

Review polysomnographic studies should be performed periodically at the discretion of the treating 
service or physician (generally every 1 to 2 years). However, an earlier review should occur if there is 
deterioration in blood gases, sustained periods of desaturations on overnight oximetry, increases in 
BMI which may precipitate upper airway obstruction or return of daytime symptoms. 

Written information for the patient explaining hypoventilation and the implications this will have for 
surgery, sedative procedures and uncontrolled oxygen therapy. They should also be explicitly told that 
they need to tell all medical staff, especially anaesthetists and surgeons, about the implications of their 
condition and further clarification about fitness for surgery or sedative procedures, or peri and post 
operative management plan should be sought from the patient’s sleep physician or treating service. 
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Copies of this information sheet should be made by the patient and given to the appropriate health 
professionals. The patient should always bring their ventilator and associated equipment when 
admitted to hospital or when they undergo any sedating procedures. Ideally, these procedures should 
be performed at a hospital where expertise in the treatment of hypercapnic CSA with NIV has been 
established. 

 

Re-assessment of ventilatory response to exercise 

Ventilatory responses to exercise can also be re-assessed. Whilst the majority of patients with CCHS 
can increase their ventilation appropriately during exercise [350], those with insufficient ventilatory 
response to meet their metabolic demand at a particular workload can be prompted by adding volitional 
breaths or by consciously increasing their depth of tidal volume to provide sufficient minute ventilation, 
or given feedback regarding what safe workloads can be achieved and how to pace themselves.  

 

Alcohol and recreational drug use 

A case series of 3 adolescents with CCHS (ages 18-22), reported severe adverse effects of alcohol 
abuse including coma and death [351]. These authors speculated that adults with CCHS may be less 
able to perceive the risks of substance abuse and may have impulsive behaviours. The realistic risks of 
social drug and alcoholic use as respiratory depressants and inadvertently sleeping without their 
ventilator should be carefully discussed with the patient and associated networks (including trusted 
peers) [351]. 

 

Key points: 

• Review should occur initially at 3 months, then at the discretion of the service that established 
therapy or an appropriate trained sleep physician. 

• Due to the rareness of some disorders, patients should be continued to be managed by 
specialised teams. 

• In scenarios where there are absent ventilatory responses (e.g. CCHS), chest infections need to 
be reviewed and managed promptly. 

• Written information and education for the patient explaining hypoventilation and the implications 
this will have for surgery, sedative procedures, uncontrolled oxygen therapy, exercise workload, 
and alcohol and recreational drug use, needs to be provided. 
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RECOMMENDATIONS FOR HYPERCAPNIC CENTRAL SLEEP APNOEA Grade 

Awake PaCO2 > 45 mmHg in the absence of lung and chest wall abnormalities, skeletal 
malformations and neuromuscular disorders, in combination with symptoms consistent 
with sleep disordered breathing warrant a full polysomnogram. 

 
D 

Long term ventilation is appropriate when central events on the polysomnogram are 
significant enough to cause nocturnal hypoventilation.  D 

In patients with isolated sleep hypoventilation, titrate NIV settings in a spontaneous-
timed mode, during a full polysomnogram. D 

Due to lack of respiratory effort ensure that back up breaths are set to an adequate 
duration. D 

Machines with “mask off” or “low pressure” and “power failure” alarms are 
recommended especially in disorders where there is a potential inability to arouse from 
an interruption to ventilation and when there is an absence of ventilatory responses 
when awake (e.g. CCHS). This alarms are also required if the patient is ventilator 
dependent. 

D 

Ventilator dependent individuals should be titrated on and use ventilators which have 
been approved for life support and have an alternative battery source to mains power. 
This may include using a volume or hybrid dual mode (volume and pressure) ventilator. 

D 

Where hypercapnic central apnoea is caused from pharmacological intake (e.g. opioid 
based derivatives), referrals to chronic pain team or relevant prescribing body should be 
made with the aim of reducing medication intake in order to improve central events and 
stabilise oxygen saturations. 

D 

Overall patient management should be performed by specialised teams. D 

Any signs of chest infection should be reviewed and managed promptly, especially in 
the case of CCHS where a lack of dyspnoea in response to pneumonia may mask 
severe respiratory compromise. 

D 
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CHAPTER 2.9     NON-HYPERCAPNIC 
CENTRAL SLEEP APNOEA 

 

RUBY BRILLANTE & LEON LAKS 

 

 

2.9.1 BACKGROUND 
Central sleep apnoea (CSA) is characterised by unstable ventilatory control in sleep, with a lack of 
drive to breathe, resulting in repetitive episodes of insufficient ventilation and compromised gas 
exchange. It is variably associated with complications such as frequent night-time awakenings, 
excessive daytime sleepiness and increased risk of adverse cardiovascular outcomes [352]. There is 
an overlap between CSA and obstructive sleep apnoea (OSA) and it has been observed that in the 
majority of sleep apnoea patients, central respiratory events lead to obstructive respiratory events in 
patients with vulnerable pharyngeal anatomy, and vice versa [353]. A characteristic feature of CSA is 
an improvement in breathing in REM sleep, in contrast to that generally seen in predominantly 
obstructive disease. Oxygen desaturation is generally less severe than in obstructive disease, and is 
associated with mild sleep hypocapnia. While there are different PSG definitions for CSA, single centre 
trials and a post-hoc analysis of a multicentre trial have defined CSA as an AHI ≥ 15 per hour, with 
>50% of apnoeas and hypopnoeas being central in nature [354]. 

CSA is commonly observed in patients with heart failure (HF), in whom it appears to have adverse 
prognostic implications [355]. It is thought that stimulation by pulmonary congestion of pulmonary vagal 
irritant receptors [356], and an increase in peripheral and central chemosensitivity [357], lead to chronic 
hyperventilation. A central apnoea results when the PaCO2 falls below the apnoeic threshold during 
sleep. In a model based analysis of sleep disordered breathing in congestive heart failure, it was 
postulated that the development of CSR is the result of a complex interaction between both central and 
peripheral receptor loops, which may in turn interact with decreased cardiac output and cardiomegaly 
[358]. Its significance in heart failure remains to be determined but a review of the literature found an 
independently increased risk of mortality and/or cardiac transplantation in association with the 
presence of CSA in patients with heart failure [359].  

Cheyne-Stokes respiration (CSR) is a periodic breathing pattern with alternating apnoea and 
hyperpnoea with a waxing-waning pattern of tidal volume. Currently there is no uniformity in the criteria 
to describe clinically significant CSR. Over half of patients with a left ventricular ejection fraction < 35% 
display CSR during sleep [360]. It is associated with HF, cerebrovascular accidents (CVA) and ascent 
to high altitude. It is postulated that CSR in CVA arises from the increased respiratory drive due to 
reduced cortical inhibition of the central respiratory centre [361], whilst high altitude increases 
respiratory drive due to hypoxia [362]. An overwhelming majority of the studies on the treatment of 
CSR and CSA relate to that found in association with heart failure. 

Complex sleep apnoea syndrome (CompSAS) is a term used to describe a complex pattern of 
breathing which was acknowledged by a task force sponsored by the American Academy of Sleep 
Medicine, the European Respiratory Society, the Australasian Sleep Association and the American 
Thoracic Society as a “common clinical experience that some patients exhibit predominantly mixed 
apnoeas, while other patients exhibit obstructive apnoeas that seem to change to central events by 
alterations in body position or application of positive airway pressure [363].” Time series analysis of 
sleep stability state has been proposed as a tool in recognising “complexity” but this is currently not 
clinically available, and such complexity may not be unmasked until application of CPAP [364]. 
Using a definition of CompSAS as “a syndrome whereby CPAP titration eliminated events defining 
OSAHS, but the residual central apnoea index was >5 per hour, or CSR became prominent and 
disruptive”, a retrospective study of 223 patients with suspected sleep-related breathing disorders over 
1 month, reported a prevalence of 15%, whereas that of CSA was only 1% [365]. Further, clinical 
characteristics of patients with CompSAS were more similar to patients with OSAHS than CSA, until 
CPAP was applied. A retrospective case control study which included 34 patients with CompSAS, 
using the above definition, found that these patients experience more interface problems, required 
more follow up, and CPAP levels were prescribed at similar rates to OSAHS patients. In both of the 
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above studies, no truly optimal CPAP setting was found that abolished all respiratory sleep 
disturbances. The addition of supplemental oxygen to CPAP therapy may stabilise breathing in sleep 
[366, 367], but there is a paucity of data in this regard.  

 

Key points: 

• Non-hypercapnic central sleep apnoea is defined by unstable ventilatory control in sleep, with a 
lack of drive to breathe, resulting in repetitive episodes of insufficient ventilation and compromised 
gas exchange. 

• Characteristically, oxygen desaturation is generally less severe than in obstructive disease and 
there is mild sleep hypocapnia. Also there is usually an absence of central events in REM sleep. 

• The presence of CSA in patients with heart failure is associated with increased mortality and 
cardiac transplantation rate. 

• A subgroup of patients with OSAHS develop a prominent CSA pattern on application of CPAP. 
Treatment with CPAP may be suboptimal and other options for therapy may need to be 
considered. 

 

 

2.9.2 BASIC INVESTIGATIONS & MEASUREMENTS 
The diagnostic criteria for CSA are not well defined, but the majority of evidence shows that in patients 
with HF, those with CSA and CSR have worse survival than patients with AHI below these threshold 
levels after controlling for confounding factors [368]. An echocardiogram or gated heart pool scan will 
document left and right ventricular function to establish the presence of HF, or in the setting of pre-
existing HF, provide a baseline with which subsequent tests can be compared. PaCO2 has been found 
to be inversely proportional to pulmonary capillary wedge pressure [369] and lowering wedge pressure 
is associated with a rise in PaCO2 and alleviation of CSA [356]. 

 

Key point: 

• Initial assessment should include full diagnostic polysomnography, echocardiogram or gated heart 
pool scan for patients with overt or suspected HF, and ABG to establish the baseline PaCO2. 

 
 
2.9.3 TREATMENT OPTIONS AND OUTCOMES 
In those with HF, first-line therapy should be optimisation of HF treatment. A few small non randomised 
studies have found attenuation of CSA with intensification of pharmacologic therapy [370-372]. 
Furthermore, cardiac resynchronisation pacemaker therapy [373, 374] and heart transplantation [375] 
had similar effects, again in nonrandomised trials, with a resultant improvement in cardiac function.  

 

Oxygen Therapy 

Nocturnal supplemental oxygen blunts the hypoxic respiratory drive and hyperventilation. Over a period 
of 1 week to 1 month, its administration has been shown to reduce CSA, abolish the apnoea- related 
hypoxia and decrease urinary norepinephrine, as well as improve maximum oxygen uptake during 
graded exercise [376-378]. Although no improvement in left ventricular ejection fraction, patient 
symptoms (based on Epworth sleepiness scale, visual analogue and quality of life scores) or cognitive 
function (by neuropsychometric testing) was shown over a period of one month [376], a more recent 
randomised control trial of 56 patients [379] showed that following 12 weeks of treatment, nocturnal 
oxygen significantly improved New York Heart Association (NYHA) functional class, Specific Activity 
Scale scores, and LVEF, in conjunction with an improvement in sleep disordered breathing. However, 
there is concern that hyperoxia from supplemental oxygen use may result in the production of free 
oxygen radicals thus causing cardiovascular damage [380]. These findings highlight the need for large 
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scale, longer term trials to determine the effect of oxygen on clinical outcomes, and which patients are 
most likely to benefit from this therapeutic intervention. 

 

CPAP Therapy 

The effects of CPAP on cardiovascular outcomes have been evaluated extensively. It has been shown 
to reduce left ventricular transmural pressure and afterload by increasing intrathoracic pressure [381], 
reduce sympathetic activity [382], and augment stroke volume [383]. It also reduces LV preload by 
reducing end-diastolic volume and pressure [356]. In a review of the literature by Arzt and Bradley in 
2006 [384], it was noted that when patients were acclimatised to CPAP during a gradual 2 to 7 day 
titration to higher pressures of 8 to 12.5 cmH2O, the frequency of central apnoeas and hypopnoeas fell 
by 50-67% after 2 to 12 weeks, whereas in randomised trials of nocturnal CPAP use for 1-14 nights at 
low pressures (5-7.5 cmH2O), CSA was not alleviated.  

A large, long-term, randomised multicenter trial, the Canadian Positive Airway Pressure trial involving 
subjects with congestive heart failure, demonstrated that CPAP attenuates CSA, improves nocturnal 
oxygenation and LVEF, lowers plasma norepinephrine concentrations, and increases 6-minute walking 
distance [385]. There were, however, no significant differences in transplant-free survival, rate of 
hospitalisations or quality of life between the 2 groups. However, using a definition of CSA of AHI ≥ 
15/hour with >50% of apnoeas and hypopnoeas being central in nature, a post-hoc analysis of the 
CANPAP database showed that suppression of CSA to an AHI below the threshold of 15/hour might 
improve both left ventricular function and heart transplant-free survival [354].  

In a recent observational study it was shown that in HF patients with CSA, CPAP causes a progressive 
significant alleviation of CSA between the second night of its application (AHI = 22.2 ± 12.6) and 12 
weeks later (12.8 ± 11.0) on the same pressure level [386]. It was concluded that CPAP therapy leads 
to a time dependent alleviation of CSA in some HF patients, indicating that in such patients neither 
clinical nor scientific decisions should be based on a short term trial of CPAP. It was recommended 
that the most appropriate means to judge the efficacy of CPAP on CSA would be a follow-up sleep 
study after a 2 to 4 week trial on CPAP [386].  

 

Bilevel pressure pre-set ventilation (BVS) in CSA  

Studies have investigated the effect of NIV on CSA with the use of bilevel pressure pre-set machines. 
BVS in the spontaneous/timed mode with a back up rate has been shown to reduce arousals and 
improves sleep quality in patients with Cheyne-Stokes respiration in sleep [387]. Its administration for 
one hour was found to reduce systemic vascular resistance, systolic blood pressure and heart rate in 
patients with HF [388]. In a randomised controlled trial of 52 patients with idiopathic dilated 
cardiomyopathy and central sleep apnoea syndrome, treatment with BVS over 3 months resulted in a 
significant improvement in NYHA functional class score, LVEF, heart rate, systolic and diastolic blood 
pressures, plasma brain natriuretic peptide (BNP) and quality of life (specific activity scale) [389]. 
Similarly, in 14 patients with CSR-CSA treated with 3 months of NIV, there was a significant 
improvement in LVEF, NYHA functional class and plasma BNP [390].  

Patients commenced on NIV need careful monitoring, selection, and titration as highlighted by a 
retrospective study of a diverse group of patients (including OSA, MND, PLMs with OSA, and primary 
CSR) [391], most of whom had Cheyne-Stokes respiration. There was an increase in central apnoeas 
from baseline and as compared with CPAP therapy when NIV was applied, especially when using 
higher pressure support (mean for the study was 5.9 ± 3.1 cmH2O). Interestingly only 11 of the 95 
patients treated with NIV in this study also had HF as a co-morbidity. Further investigation is needed to 
determine longer term effects of NIV.  

A randomised cross-over study of 16 patients with CSA showed equal improvements in sleep quality, 
daytime fatigue, circulation time and NYHA class in those on CPAP versus NIV [392]. Teschler et al 
compared a single night each of oxygen (2L/min), CPAP, NIV and adaptive servoventilation (ASV) 
administered in random order in 14 subjects with CSA [23]. NIV was superior to CPAP and oxygen 
alone in abolishing central sleep apnoea, but inferior to ASV. It was equal to oxygen and ASV in 
reducing oxygen desaturation, and superior to CPAP.  

 



CHAPTER 2.9:  Non-Hypercapnic Central Sleep Apnoea 
 

89 

Adaptive Servo-ventilation (ASV) 

Adaptive servo-ventilation is an emerging mode of therapy for CSA/CSR in which a varying amount of 
ventilatory support is provided, based on breath-by-breath analysis. Although results are promising, 
there is a lack of large scale, long term randomised studies to assess its efficacy and beneficial effects 
over the longer term. 

Over a single night, ASV was shown to be superior to NIV (mean IPAP 13.5 cmH2O, EPAP 5.2 
cmH2O), CPAP (mean 9.3 cmH2O) and oxygen (2L/min), in reducing central apnoeas and in improving 
sleep architecture [23]. One month of ASV resulted in a reduction in excessive daytime somnolence 
(Osler test), BNP and urinary metadrenaline excretion [393]. Over 6 months, ASV produced complete 
correction of CSA/CSR, a greater reduction in daytime symptoms (ESS), better compliance, better 
improvement in quality of life, and a significant increase in LVEF, compared to CPAP therapy [24]. 

The promising efficacy of ASV has also been investigated in complex sleep apnoea syndrome, during 
a single night of treatment. In a randomised cross-over trial of ASV versus BVS in 21 patients with 
mixed, central and complex sleep apnoea, Morgenthaler et al demonstrated ASV was effective in 
normalising AHI in all 3 groups (residual AHI < 1.6 ± 3.6), whereas BVS was less effective in 
CompSAS (residual AHI 6.8 ± 6.8) than in CSA/CSR (residual AHI 1.5 ± 1.5) and ineffective when 
there was predominantly mixed apnoeas (residual AHI 10.2 ± 10.6) [394].  
In a more recent retrospective review of 100 patients, of whom 63 had CompSAS, and 37 with CSA ± 
CSR, ASV was superior to BVS and CPAP in normalising AHI on the first treatment night in the sleep 
laboratory in CompSAS. In addition, ASV was well tolerated and resulted in symptomatic improvement 
on follow up [366]. However, the impact of ASV compared to other therapies on longer term outcomes 
such as quality of life and mortality have not been investigated. 

 

Key points:  

• In those with HF, optimisation of HF treatment should be first-line therapy. 

• Over a period of 1 week to 1 month, nocturnal oxygen therapy abolishes CSA, and abolishes 
apnoea-related hypoxia. 

• Oxygen therapy improves NYHA functional class, quality of life and LVEF, after 12 weeks of 
treatment. 

• CPAP is best instituted by prior pressure titration, and if necessary, a period of acclimatisation. In 
comparison to lower pressures, pressures of 8 to 12.5 cmH2O have been shown to be more 
successful in reducing the frequency of central apnoeas and hypopnoeas. 

• CPAP therapy leads to a time dependent alleviation of CSA in some HF patients, indicating that in 
such patients neither clinical nor scientific decisions should be based on a short term trial of CPAP. 

• In the long term, CPAP attenuates CSA, improves nocturnal oxygenation and LVEF, and increases 
6-minute walking distance, but it did not appear to improve quality of life, rate of hospitalisation or 
transplant-free survival. 

• Patients with suboptimal control of CSA on CPAP alone may benefit from the addition of nocturnal 
oxygen. 

• 3 months of BVS in CSA and HF resulted in significant improvements in LVEF, NYHA functional 
class, systolic and diastolic blood pressures and quality of life. 

• Patients commenced on NIV need to have a full PSG/pressure titration to ensure that this treatment 
does not result in an increase in central apnoeas. 

• ASV is effective in attenuation of CSA in HF, reducing daytime somnolence, improving quality of 
life, and increasing LVEF. ASV has been shown to be superior to BVS, CPAP and oxygen over 1 
night to 6 months, in terms of reducing central apnoeas, patient compliance, and LVEF 
improvement. 

• ASV is superior to CPAP and BVS in attenuating complex sleep apnoea on the first titration night. 

• There is a need for long term and large scale studies in the use of oxygen, BVS and ASV in CSA. 
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2.9.4 INDICATIONS FOR NIV 
A trial of home ventilation in patients with non-hypercapnic CSA should include the consideration of the 
following: 

i) An echocardiogram or gated heart pool scan to document left and right ventricular function to 
establish the presence of, or provide a baseline measure of, heart failure. An arterial blood gas 
should be performed to document PaCO2. 

ii) In patients with CSA in heart failure, optimisation of heart failure should be first line treatment. 

iii) Symptoms of sleep disordered breathing (such as frequent awakening, snoring, choking, 
gasping, waking dry mouth, waking dyspnoea or witnessed apnoeas). 

 OR 

 Symptoms of impaired sleep quality (such as daytime somnolence, waking headache or 
grogginess, fatigue, impaired cognition, impaired short-term memory, irritability, anxiety and 
depression). 

 AND 

iv) Full diagnostic sleep study which demonstrates CSA or CSR. 

 The diagnostic criteria for CSA are not well defined but patients with HF (LVEF<45%) with an 
AHI of > 15 on full nocturnal diagnostic polysomnography, in which at least 50% of events are 
central, should be considered for treatment [354]. 

 AND 

v) Where the initial trial of CPAP (with or without supplemental oxygen) fails to adequately improve 
symptoms, CSA or LVEF, after a period of acclimatisation or if the patient is intolerant of this 
treatment. 

vi) Adaptive servo-ventilation (ASV) should be considered. Patients with a persistence of CSA upon 
the application of CPAP after a period of time (“complex sleep apnoea”) may be considered for 
ASV if adjunctive oxygen can be shown to be ineffective. Objectively, it should be shown that 
ASV is able to better control CSA than CPAP therapy, either on overnight polysomnography or 
after a period of inpatient acclimatisation with high resolution nocturnal oximetry. 

 

 

2.9.5 TITRATION 
A pressure titration study showing improvements in desaturation and central apnoeic events at the 
prescribed pressure, must be undertaken prior to instituting the positive pressure trials. This includes 
the initial CPAP (± oxygen) trial and where relevant, subsequent ASV trials. Gradual CPAP 
acclimatisation with the aim of achieving pressures of 10-12cmH2O should be undertaken in patients 
with CSR-CSA and heart failure, rather than a single night titration with the expectation of abolishing 
central events [354]. In patients who are hypocapnic, BVS is not recommended, as the pressure 
support can create greater fluctuations to PaCO2 which can destabilise their ventilation even further. 

 

 

2.9.6 FOLLOW UP AND ANCILLARY CARE 
The patient and/or carer should be educated on machine and mask use prior to a home trial. There 
should be a review within 1 month with a sleep physician, to assess compliance with and response to 
treatment. Further reviews at 3-6 monthly intervals should aim to assess improvements in symptoms of 
CSA, as well as those of the underlying disease. Once the patient has acclimatised to the treatment, 
patients may be reviewed at least annually. There may be a need to trial more than one mode of 
therapy, depending on its effect on the sleep breathing disorder, as well as patient’s tolerance of the 
treatment.  

There should also be ongoing specialist reviews, such as cardiologist, neurologist, to optimise medical 
therapy, as well as to monitor the progress of any underlying pathology. 
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RECOMMENDATIONS FOR NON-HYPERCAPNIC CENTRAL SLEEP APNOEA  Grade 

In patients with CSA in HF, optimisation of HF treatment should be first-line therapy. D 

Prior to commencing treatment, patients should have full PSG demonstrating benefit 
from the chosen treatment. B 

If patients are unable to have full PSG then a period of inpatient acclimatisation/titration 
and overnight oximetry showing attenuation of apnoea-related hypoxia should be 
performed. 

D 

CPAP therapy should be trialled as a first line ventilatory assistance treatment, with or 
without oxygen, to attenuate CSA, improve nocturnal oxygenation, exercise capacity 
and LVEF. 

B 
 

The most appropriate means to judge the efficacy of CPAP on CSA would be a follow-
up sleep study after a trial of 2 to 4 weeks on CPAP. B 

ASV should be considered in patients who have not had a resolution of CSA on CPAP 
and/or oxygen, or have been shown to have better compliance with this mode of 
therapy. However, it needs to be shown that ASV is able to better control CSA, either on 
overnight polysomnography or after a period of inpatient acclimatisation with nocturnal 
oximetry. 

B 

Patients with a persistence of CSA upon the application of CPAP after a period of time 
(“complex sleep apnoea”) may be considered for ASV if adjunctive oxygen can be 
shown to be ineffective. 

C 

In those with CSA in HF, at least 6 monthly echocardiogram and NYHA class score 
assessment should be performed to establish response to therapy. Once stable and a 
plateau is reached at least annual reviews may be undertaken, with interval tests when 
symptoms recur or worsen. 

C 
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CHAPTER 2.10     RESPIRATORY INSUFFICIENCY 
FOLLOWING CATASTROPHIC MEDICAL ILLNESS  

 

AMANDA PIPER 

 

 

2.10.1 BACKGROUND 
Most patients admitted to intensive care units (ICU) requiring mechanical ventilation are usually 
weaned completely within a few days or weeks following stabilisation of the primary presenting 
problem. However, the need for more prolonged weaning occurs in around 15% of critically ill patients 
[395], with 3-6% of patients requiring ongoing long-term ventilatory support [396]. In the majority of 
cases, these patients will have a background of underlying respiratory, cardiac or neuromuscular 
disease.  

A significant advance in the area of weaning has been the use of non-invasive ventilatory support 
(NIV). Recognising patients at high risk of extubation failure and introducing NIV in the immediate post 
extubation period has been shown to reduce the need for re-intubation and mortality in two randomised 
trials [397, 398]. In a significant number of these patients there will be a history of chronic hypercapnic 
respiratory failure prior to their presentation with acute decompensation, and NIV will be required on a 
long-term basis to maintain stability and achieve successful discharge home [399]. Consequently, 
ongoing nocturnal non-invasive ventilatory support may be required in a minority of patients presenting 
with acute on chronic respiratory failure managed in intensive care units. As ventilatory support is 
required during sleep periods only, these individuals may be managed as any other patient presenting 
with nocturnal hypoventilation. In some, following a period of bilevel support a switch to long term 
CPAP may be possible [200].  

In a small number of individuals ongoing total ventilatory support will be needed over a prolonged 
period of time. An appropriate weaning program may achieve a gradual improvement in respiratory 
function such that some of these individuals may be liberated from ventilation entirely or may 
eventually require nocturnal ventilation only [400, 401]. In the remainder however, continuous 
ventilation, usually invasively, will be required on an ongoing basis. Although the number of individuals 
requiring long-term continuous ventilation is small their care can consume a considerable amount of 
health resources and tie up ICU beds for prolonged periods. Once medical stability is achieved, the 
ICU environment is not the most appropriate location for ongoing management of these individuals. 
However, a lack of facilities to care for these patients and insufficient access to funding for equipment 
means that many patients remain in ICU type areas, even though this is inappropriate from an 
institutional resource/financial standpoint as well as from a patient psychological/well being perspective 
[402]. 

Ideally, the preferred location for long-term mechanical ventilation, regardless of whether it is delivered 
invasively or non-invasive is usually the home or community care facility. This is because costs are 
reduced, quality of life is enhanced and integration into the community is maximised [402]. However, in 
order to achieve this, the patient and carer need access to considerable technical and financial 
resources as well as family and social supports. Even if home discharge is not feasible, a transfer of 
the patient out of ICU to a low care environment is important to improve the efficient use of ICU beds.  

In addition, the ICU setting focuses on patient stabilisation and recovery from the acute insult. For 
patients who are medically stable but are experiencing difficulty weaning from ventilation, this is not the 
most appropriate environment for ongoing weaning to occur. Overseas data have shown that a transfer 
to another setting where the emphasis is on continued weaning and rehabilitation increases weaning 
success [400, 401, 403]. Weaning in this context can refer to the complete removal of ventilatory 
support, as well as to a reduction in the time of support or its invasiveness.  

In the past, ventilatory support via tracheostomy has been considered the more appropriate and 
effective approach of managing patients requiring continuous or near continuous ventilatory support 
[404]. Tracheostomy provides direct access to the airways for clearing secretions and provides some 
degree of airway protection. However, placement of a tube also increases the risk of erosion, 
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granulation tissue formation and haemorrhage as well as mucus hypersecretion [405]. Speech and 
swallowing may also be affected in some individuals. Importantly, the presence of a tracheostomy tube, 
whether for partial or continuous ventilation, significantly increases patient care needs, which may or 
may not be able to be managed in the home by the family [75, 406]. In a prospective study of 
consecutive patients using tracheal ventilation, 38% of carers reported that having a person at home 
receiving mechanical ventilation was a major burden because it affected their entire lifestyle and was 
very stressful [407]. Forty three per cent of respondents reported night-time was especially 
burdensome and stressful because of the patient’s anxiety and chronic insomnia.  

Overseas data suggests an increasing use of non-invasive techniques for ventilatory support in 
patients requiring continuous or near continuous long-term ventilation [408, 409]. However, for this to 
be effective and safe, an appropriate level of equipment and caregiver training is crucial. Whether the 
patient is best served using invasive or non-invasive techniques for long term ventilatory support is a 
clinical decision based on medical considerations, local resources and staff experience.  

With advances in medical practices and technology, more patients are surviving catastrophic illness 
and living longer. As a consequence, the problem of how to manage ongoing ventilation, especially 
when it is required on a near continuous basis has arisen and needs to be properly addressed and 
adequately funded. Overseas experience suggests this can be done, but an established process which 
includes proper training of staff to handle these cases, an appropriately funded care package to 
provide equipment and care, and mechanisms whereby these individuals can be properly monitored in 
the community is needed. The development of appropriately staffed and resourced weaning units to 
maximise the likelihood of reducing the time and/or invasiveness of ventilatory support is also required. 

 
 
2.10.2 INDICATIONS 
Patients who:  

i) have been managed in an ICU/HDU area for more than two weeks for medical stabilisation of an 
acute or acute on chronic event 

ii) continue to require invasive ventilation  

iii) where a tracheostomy tube has been placed due to length of ventilation requirements or an 
inability to protect their own airway 

iv) where attempts to liberate the patient completely from ventilatory support have been unsuccessful 
due to rising daytime or nocturnal CO2 levels 

Following appropriately initiated weaning strategies, two groups of patients will emerge following 
catastrophic medical illness: those requiring ongoing nocturnal support only, and those in whom 
continuous or near continuous mechanical ventilation is required. Equipment needs, level of carer 
training, costs and level of community support will vary depending on the interface by which ventilatory 
support is delivered and the proportion of the 24 hour period over which NIV is required.  

 

 

2.10.3 ESTABLISHING THE NEED FOR AND TYPE OF ONGOING VENTILATORY SUPPORT 
Once the acute process has been managed and the patient is stable, the aim of the weaning process 
is to determine the medically appropriate level of ventilatory support that allows ventilator-
independence without causing a physiologic deterioration [402]. While initial weaning attempts will be 
made in the ICU setting, this is not an appropriate environment for long-term management from either 
the hospital or patient perspective. The majority of long-term ventilator patients require significant 
rehabilitation, which is difficult to implement in ICU [402].  

The appropriateness of efforts to reduce or remove ventilatory support during wakefulness can be 
monitored by continuous non-invasive methods such as oximetry. This should be followed up by blood 
gas measurements to check for changes in carbon dioxide and bicarbonate levels. Arterial access may 
be limited in some individuals, making venous or arterialised venous sampling a more appropriate 
approach than repeated arterial sampling.  
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In conjunction with reductions in daytime ventilatory support, trials of cuff deflation and swallow practice 
should be undertaken. The use of a speaking valve, once cuff deflation is tolerated, will help promote a 
more normal breathing route and encourage communication by the patient. Progression to capping of 
the tube for more extended periods is then the next step, where trials of non-invasive support during 
sleep and oral intake can be undertaken. If it is found that the patient is able to swallow effectively, and 
non-invasive ventilatory support is effective, then the tube may be removed. 

If continuous spontaneous breathing during wakefulness is achieved, attention should then be directed 
towards the need for nocturnal ventilatory support. Withdrawal of ventilation during sleep may result in 
emergence of abnormal gas exchange and symptoms within days [410-412] in patients in whom 
ongoing ventilatory support is required. If the patient’s clinical condition and daytime blood gases have 
improved to the point where withdrawal of ventilatory support is thought appropriate, close monitoring 
of daytime blood gases and nocturnal saturation needs to be undertaken until the adequacy of 
spontaneous nocturnal ventilation over a prolonged period has been established. Studying the patient 
during the first night off ventilatory support is not appropriate, as arousal from sleep and restricted REM 
may limit the degree of abnormality seen [411].  

Volume preset devices are preferable for those individuals who require daytime ventilatory assistance 
in addition to nocturnal use [409, 413], as both mouthpiece support and breath stacking to aid 
secretion removal is possible. Many patients using NIV find pressure preset ventilation a more 
comfortable option for sleep. Devices that are able to provide both volume or pressure modes of 
ventilatory support are ideally suited for these individuals. 

In patients unable to cough effectively, methods of assisted secretion clearance such as manually 
assisted cough, maximal insufflation and cough in-exsufflation techniques should be introduced and 
are especially important in patients where decannulation of the tracheostomy tube is planned. The aim 
is to achieve assisted cough flows above 160L/min [414]. Techniques to achieve this need to be taught 
to the patient and caregivers, with encouragement to continue practising with supervision. Mechanical 
insufflation-exsufflation is generally used when manually assisted coughing is inadequate.  

 

Discharge Planning 

Discharge planning is crucial in achieving an effective and safe transfer of the patient out of ICU and to 
a setting with lower monitoring that enhances the individual’s potential. Discharge planning is not only 
needed for patients returning home, but is also necessary to successfully transfer the patient to a ward 
area or nursing home facility.  

For individuals where ventilatory support has been successfully reduced to nocturnal non-invasive 
ventilation, discharge home is usually straightforward following the same procedure as for any patient 
newly established on NIV. Additional follow up services such as general rehabilitation, community 
health support or home nursing may be appropriate if the patient’s discharge status remains below 
their normal level.  

Discharge of the ventilator dependent or tracheostomy ventilated individual, whether home or to some 
assisted care facility, is a more complex process and requires a multidisciplinary and integrated 
management approach. Identifying these individuals early and establishing likely placement 
possibilities is important in planning their ongoing management. As part of the plan to discharge the 
patient from ICU, the objectives of long-term ventilation need to be determined and barriers to transfer 
home including financial, social and environmental factors identified. In order for this to be done 
properly, an experienced multidisciplinary team of health-professionals is needed. 

Possible avenues for funding of equipment, and where needed, attendant care, need to be explored 
and established to facilitate discharge planning into the community without affecting patient safety or 
placing too great a burden on family members. Once available resources are identified these can be 
compared to the resources needed to safely discharge the patient. Unless there are indications that 
ventilatory support parameters during sleep are inadequate or excessive, there is no evidence that 
routine full sleep studies add to patient management. 

 

Equipment 

Equipment chosen for home care needs to be portable, user friendly and durable. The patient should 
be well established on the equipment prior to discharge. In selecting ventilator equipment, 
maintenance and replacement during servicing by the equipment supply company should be clarified. 
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Arrangements to deal with equipment breakdown and the time frame for replacement and repair need 
to be established. Identification of the type of consumables that will be needed at discharge and an 
estimate of quantities also needs to be made. 

• Patients requiring ventilatory support > 18 hrs/day should have a back up ventilator available for 
emergency use in case of machine breakdown. This is also true for patients who are 
geographically isolated where more than 16hr/day ventilatory support is required and where a 
replacement ventilator cannot be provided within 4 hours. 

• In such cases, only devices designated as suitable for life support should be used 

• For those meeting the above requirements an alternate power source in case of mains power 
failure should be provided. 

• Standard equipment supply should also include a manual AMBU type bagging system, adapted 
for mask, mouthpiece or tracheostomy use as appropriate.  

• Where ventilatory support is via tracheostomy, a humidification system must be provided 

• Suction equipment should also be provided 

• A replacement tracheostomy tube of appropriate size plus a tube one size smaller should be sent 
home with the patient. 

• If the patient is being managed with non-invasive support and requires more than 12hrs / day of 
therapy or has a disorder where increasing ventilation time is likely to occur, a range of interfaces 
and ventilatory strategies need to be trialled. Close monitoring to identify the need for extended 
periods of daytime support and the provision of a back up device is necessary. 

• A risk minimisation strategy and emergency action plan should be developed and provided for 
each individual. 

 

Carers and personnel 

There is no evidence that trained nurses are needed for continuous long-term care needs in the home, 
and in many countries family members supported by personal attendant caregivers provide effective 
home care [415], even in continuously invasively ventilated patients. Family caregivers also need to be 
willing and capable of taking on the physical care of a person requiring ventilatory support particularly if 
this is through a tracheostomy. Initially, caregivers are likely to be intimidated by the ventilatory and 
accessory equipment required, and may find procedures such as suctioning unacceptable or 
frightening. For these reasons, the medical and respiratory management of the patient needs to be 
simplified as much as possible, suited to a home environment rather than relying on “ICU” style 
protocols. Caregivers should be trained on the actual brands of equipment that are to be used in the 
facility/location the patient is to be transferred to in order to maximise familiarity with it [402]. Training of 
the patient and family should include the use of the ventilator, tracheostomy care, bagging techniques 
and CPR. The carer/s need to develop confidence in handling equipment, identifying problems and 
responding to them. In those patients using NIV, assisted cough techniques also should be taught to 
carers. 

Coordination of efforts and communication between disciplines and between sites will be essential if 
successful discharge of the patient is to be achieved. A comprehensive written management plan 
covering all aspects of the patient’s care will facilitate this and should be developed for discharge. This 
needs to include the goals of therapy as discussed with the patient and family, as well as clearly 
documented advanced care directives. 
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Key points: 

• A multidisciplinary approach to the assessment, management and discharge planning of patients 
with high level ventilation needs is central to effective and safe discharge. A respiratory physician 
should be involved in ongoing patient management. 

• Ongoing management in an ICU area is not medically or socially appropriate for a patient requiring 
long term continuous ventilatory support.  

• In order to safely discharge a patient home with high-level ventilatory support needs, extensive 
support and planning needs to be undertaken with access to funding for equipment and additional 
carers, as well as access to suitable placement sites in addition to the patient’s home. 

• The development of specialised ‘weaning units’ to facilitate the liberation of the patient from 
ventilatory support. 

• Simple bilevel devices are suitable for individuals requiring nocturnal and limited daytime ventilatory 
support only. However, more sophisticated volume or hybrid devices are indicated for patients 
requiring more than 18hrs/day or where bilevel devices have proven to be inadequate. 

• The same type of ventilator equipment which is to be used at home or other long term facility should 
be introduced as early as possible in the care of the patient while still in the acute care facility. 

 

 

2.10.4 ONGOING FOLLOW UP AND ANCILLARY CARE 
Follow up after discharge can be difficult for the ventilator dependent patient to arrange due to 
transportation issues to and from outpatient clinics. In this situation, home visits by staff to monitor the 
patient and check equipment may be necessary. However, the small number of patients, the large 
geographical area over which they are living, and the limited expertise of community based staff in this 
area, often renders this option impractical. For each patient a process needs to be established where 
the patient is regularly reviewed and any change in their ventilator or general medical needs attended 
to.  

Equipment 

• Preventative maintenance should be provided at the frequency recommended by the 
manufacturer. 

• The need to replace equipment which is outdated or beyond economical repair must be 
identified and carried out in a timely fashion to ensure the patient who is ventilator dependent 
is not left with inappropriate ventilatory support 

Carer training and support 

• Ongoing education of the patient and carer/s with monitoring of skills  

• Periodic checking of the family/carers to ensure they are coping with the burdens of care 

• Access to community packages to assist in equipment for daily care and for respite of carers is 
essential 

Emergency action plan 

• An action place for managing changes in medical status or emergency situations should be 
established and provided to the patient and carer.  

• The patient/carer must have functioning phone lines for contact 
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RECOMMENDATIONS FOR RESPIRATORY INSUFFICIENCY FOLLOWING 
CATASTROPHIC MEDICAL ILLNESS Grade 

A multidisciplinary approach to the assessment, management and discharge planning of 
patients with high level ventilation needs is central to effective and safe discharge. D 

The development of specialised ‘weaning units’ to facilitate the liberation of the patient 
from ventilatory support. D 

Ongoing management in an ICU area is not medically or socially appropriate for a patient 
requiring long term continuous ventilatory support. D 

Simple bilevel devices are suitable for individuals requiring nocturnal and limited daytime 
ventilatory support only. However, more sophisticated volume or hybrid devices are 
indicated for patients requiring more than 18 hours/day or where bilevel devices have 
proven to be inadequate. 

D 

Facilities for respite care should be available for ventilator dependent patients as well as 
for those patients requiring nocturnal ventilatory support only but with high level physical 
care needs. 

D 
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CHAPTER 3     NOCTURNAL MONITORING IN THE 
DIAGNOSIS AND MANAGEMENT OF SLEEP 

HYPOVENTILATION SYNDROMES 
 

AMANDA PIPER 

 

3.1 DIAGNOSIS OF RESPIRATORY FAILURE 
The indications for full polysomnography (PSG) in establishing the need for nocturnal ventilatory 
support remains controversial. A PSG can be a major organisational undertaking for patients with high 
level care needs and limited mobility. With the long waiting times in many centres for sleep studies, 
organising a diagnostic PSG for a patient with obvious daytime indicators for commencement of NIV 
may delay the institution of appropriate therapy putting the patient at risk of deteriorating during this 
waiting period. There is currently little evidence to support the need to document sleep quality in 
determining the need for NIV in patients with an appropriate diagnosis who have already developed 
daytime hypercapnia. Previous consensus regarding initiation of NIV has cited daytime hypercapnia as 
a primary indicator for the introduction of NIV [106]. On the other hand, the role of limited nocturnal 
monitoring involving SpO2 and other respiratory parameters in screening patients with few sleep 
symptoms and normal daytime CO2 levels has yet to be fully defined. However, it is recommended that 
at least a multichannel sleep study is performed to exclude sleep apnoea [106]. 

Recent evidence has demonstrated the benefits of commencing NIV at the first appearance of 
nocturnal hypoventilation and sleep breathing abnormalities [79, 136, 416] in patients with 
neuromuscular and chest wall disorders. In some cases this can be identified by cardiorespiratory 
measurements alone during sleep with an emphasis on oximetry and carbon dioxide monitoring [79, 
136, 416-419]. Consequently, for patients without daytime hypercapnia or symptoms, limited 
monitoring which includes at least oximetry and TcCO2 / ETCO2 could be used to screen for sleep 
hypoventilation when access to full PSG is unavailable. In addition, documenting arterial blood gases 
prior to sleep and again on awakening can provide useful information regarding overnight CO2 
retention [291, 420].  

It should be borne in mind however, that while a positive finding on a limited study is informative, a 
negative study can not rule out the possibility of sleep hypoventilation since the presence of REM sleep 
cannot be confirmed from limited monitoring. Consequently, sleep hypoventilation may be 
underestimated if the patient has poor sleep efficiency, a low proportion of REM sleep or a high REM 
arousal index [421, 422]. A lack of REM sleep in itself is diagnostically important [422], and in patients 
with MND, reduced or absent REM sleep has been shown to be associated with reduced survival 
[423]. Overnight oximetry alone may also be relatively insensitive to changes in oxygenation in patients 
in whom resting PaO2 is above 70mmHg [424], as is commonly seen in patients with neuromuscular 
disorders. Therefore, to identify sleep hypoventilation, some measure of carbon dioxide in addition to 
oximetry is recommended. 

 

 

3.2 MONITORING DURING TITRATION AND FOLLOW UP OF NIV 
The PSG is often used to titrate pressures in patients with hypoventilation, especially when upper 
airway obstruction is present [126], or if the patient experiences a poor response to therapy [16, 126]. 
Periodic sleep study reviews on therapy after treatment initiation has also been recommended to 
evaluate response to therapy and to correct any unexpected problems [16, 424]. In children, 
international guidelines recommend review studies every 6-12 months based on expert opinion [425]. 
However, in adults there is currently no consensus on the frequency of reviews or the type of review 
that should be undertaken. However, periodic nocturnal studies appear justified. Although there is no 
literature available in adults, a recent study of children using nocturnal respiratory support 
demonstrated that two-thirds of sleep studies resulted in a change in respiratory support settings [426].
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 Most newer style bilevel machines have the capability of downloading information regarding recent 
machine output including leak and residual AHI. However, there is no available data independently 
confirming the accuracy of this information or how abnormalities identified in this manner relate to 
clinical status and subjective reports from the patient. Nevertheless, downloadable information from 
these devices could be used as a screening tool to identify the need for further investigation, especially 
where oximetry is included in this monitoring information. 

 

Key points: 

• When daytime indicators for NIV have already been met, a full diagnostic PSG measuring sleep 
quality is not an essential element in determining the need for NIV. 

• The minimum requirement for identifying sleep hypoventilation is overnight monitoring of oxygen 
saturation and, where possible, carbon dioxide along with evening to morning arterial blood gases. 

• In restrictive thoracic and neuromuscular disorders, NIV should be initiated once nocturnal 
hypoventilation is identified. 

• Periodic nocturnal studies to identify unexpected problems or correct identified ones is indicated, 
with the frequency influenced by current response to therapy and the nature of the patient’s 
underlying disorder. 

 

 

3.3 THE ROLE OF CARBON DIOXIDE MONITORING 
PCO2 is inversely proportional to alveolar ventilation and consequently is measured extensively in 
patients with both acute and chronic respiratory failure to identify the degree of hypoventilation present 
and to monitor the impact of intervention. Although PaCO2 is regarded as the “gold standard” technique 
for PCO2 assessment [20], frequent punctures for blood gas analysis or the insertion of an arterial line 
are not suitable for the patient with chronic respiratory failure being assessed as an outpatient or in the 
sleep laboratory. In addition, arterial blood gases reflect breathing at only one point in time and may 
miss significant changes in CO2 between measurements. Consequently, other approaches to 
monitoring CO2 are required during the diagnostic and treatment phases in patients with hypercapnic 
respiratory failure.  

Arterial blood gases obtained prior to sleep and again at awakening next morning can provide valuable 
information regarding sleep hypoventilation, with the change in value highly correlated with the severity 
of sleep hypoventilation present [420].  

If arterial blood gases are unable to be performed, capillary blood gases taken from the fingertip or 
earlobe will closely reflect arterial PCO2 and pH over a wide range of values [427]. However, adequate 
vasodilation needs to be achieved by either applying a topical vasodilatory substance to the skin and/or 
warming of the area. Like arterial blood gases, capillary blood values reflect only a single point in time. 

Transcutaneous carbon dioxide (TcCO2) measurements allow real time estimation of CO2 levels over a 
prolonged period. There are a number of recognised limitations associated with TcCO2 monitoring, 
including drift [420], and the need for further technical improvements in providing for real-time drift 
correction is recognised [428]. There is also a lag time of approximately 2 minutes between TcCO2 and 
PaCO2 [429, 430]. Despite these limitations, most recent studies suggest that TcCO2 measurements 
are appropriate for clinical monitoring of patients with respiratory failure both for diagnostic and 
treatment purposes [428-432]. As sleep hypoventilation is most likely to occur during REM sleep, the 
change in TcCO2 from NREM to REM sleep can be a useful indicator especially when an overall drift in 
the signal is present. This measurement is taken as the average TcCO2 in the preceding 5 minutes of 
NREM to the maximum value seen in REM (∆NREM-REM) [288, 420]. 

End tidal carbon dioxide has been widely used in intubated patients undergoing anaesthesia and 
during mechanical ventilation to monitor the adequacy of alveolar ventilation [433]. Although the 
difference between PaCO2 and ETCO2 is often only a few mmHg in healthy adult subjects with normal 
lungs [434], the gradient increases substantially and variably in the presence of V/Q mismatch or high 
dead space to tidal volume ratio [435]. Such circumstances occur in the presence of lung disease, poor 
cardiac output as well as during sleep. Sanders et al [436] evaluated the accuracy of ETCO2 during 
sleep in a group of patients with either OSA or nocturnal hypoventilation. Even during spontaneous 
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room air breathing, ETCO2 did not accurately reflect PaCO2 during sleep with only 23% of the variation 
in PaCO2 predicted by the variation in ETCO2 [436]. ETCO2 was particularly inaccurate in the setting of 
supplemental oxygen and PAP therapy. In the literature and in clinical practice, TcCO2 is more likely to 
be used than ETCO2 in adult patients. When ETCO2 is used, even in the spontaneously room air 
breathing patient, attention to factors that may influence exhaled carbon dioxide levels need to be 
taken into account. Arterial blood gases are still required to identify the PaCO2-ETCO2 difference. 

 

 

3.4 DEFINING SLEEP HYPOVENTILATION 
Currently, there is no commonly accepted definition of sleep hypoventilation. In the most liberal 
definitions of the disorder, oxygen desaturation below 88% for more than 5 consecutive minutes [106] 
or a total sleep time SpO2 <90% of >2% [70] have been used as indicators of clinically significant sleep 
hypoventilation. However, using SpO2 alone to reflect hypoventilation is problematic. If the patient is 
using oxygen therapy, this will mask any falls in SpO2. Furthermore, time spent below a threshold level 
of SpO2 is difficult to interpret when patients begin at different points on the oxygen dissociation curve. 
Finally, oxygen desaturation is a non-specific finding, and may be caused not only by hypoventilation 
but also by deteriorating ventilation-perfusion matching.  

Therefore, incorporating measures of carbon dioxide should improve the ability to identify clinically 
significant nocturnal hypoventilation. This approach is supported by studies in patients with restrictive 
chest wall disorders [79, 437] and in cystic fibrosis [302] where nocturnal TcCO2 has been monitored 
and used to identify sleep hypoventilation and institute therapy successfully. It has been suggested that 
nocturnal hypoventilation be defined as a rise in overnight PaCO2 > 8 to 10mmHg or a TcCO2 of 
>50mmHg for more than 50% of sleep time (continuous hypoventilation) or >50% of REM sleep time 
(REM hypoventilation) [437]. While some centres may use nocturnal ETCO2 in adults, the accuracy of 
this even in spontaneously room air breathing individuals has been questioned [436], and the literature 
in the area consistently reports measurements obtained from transcutaneous measurements [79, 302, 
437]. 

 

RECOMMENDATIONS FOR NOCTURNAL MONITORING IN THE DIAGNOSIS 
AND MANAGEMENT OF SLEEP HYPOVENTILATION SYNDROMES Grade 

The minimum requirement for identifying sleep hypoventilation is overnight monitoring of 
oxygen saturation and transcutaneous carbon dioxide along with evening to morning 
arterial blood gases. 

B 

When daytime indicators for NIV have already been met, a full diagnostic PSG 
measuring sleep quality is not an essential element in determining the need for NIV. D 

Periodic nocturnal studies to identify unexpected problems or correct identified ones is 
indicated, with the frequency influenced by current response to therapy and the nature 
of the patient’s underlying disorder. 

D 
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CHAPTER 4     SECRETION MANAGEMENT 
 

DANIEL FLUNT 
 

 

4.1 USE OF NON-INVASIVE RESPIRATORY AIDS IN NEUROMUSCULAR  RESPIRATORY WEAKNESS 
 

Components of cough and the implications of respiratory muscle weakness 

A normal cough requires a pre-cough inspiration to about 85 to 90% of total lung capacity [438]. With 
adequate glottic and abdominal muscle strength, peak cough flows (PCF), depending on sex, height 
and age are normally 360 L/min to 1200 L/min [439]. A cough is deemed effective when it is able to 
clear the airways of secretions or foreign bodies. For patients with neuromuscular conditions, peak 
cough flows can be reduced either from the inability to adequately inflate their lungs (reduced 
inspiratory capacity due to inspiratory muscle weakness), abdominal (expiratory) muscle weakness, or 
the inability to adduct or control their vocal cords and close their glottis to retain the volume of air in the 
lungs prior to cough initiation [414, 440]. The inability to effectively cough out secretions is the main 
cause of morbidity and hospital admissions for patients with neuromuscular disease [441, 442], and 
may underlie the need for endotracheal intubation and tracheostomy, and ultimately an earlier death 
[443]. The use of non-invasive respiratory aids can prolong survival and permit extubation or 
tracheostomy decannulation of patients with neuromuscular disease (e.g. DMD) with no off-ventilator 
breathing tolerance [408].  

 

Expiratory threshold values for effective removal of secretions 

It has been shown that the ability to generate PCF of at least 160 L/min is necessary for the successful 
extubation or tracheostomy tube decannulation of patients with neuromuscular disease, irrespective of 
independent ability to breathe [414]. In addition to this, patients with maximal assisted peak cough 
flows of <270 L/min, whether unassisted or manually assisted, under normal conditions usually have 
difficulty maintaining the minimum assisted PCF value required for removal of secretion under 
conditions of respiratory infection or general anaesthesia [441, 444]. It has been reported that when 
routinely measured assisted PCF are <270 L/min, a further decrease to <160 L/min during chest 
infections is likely, and the likelihood of pneumonia and respiratory failure increases greatly [443].  

Whilst it appears that assisted PCF (using manual assisted cough with insufflation or mechanical 
cough in-exsufflation) can be improved in the majority of patients with neuromuscular disease to a level 
>160L/min, the presence of bulbar weakness can significantly hamper the success of these non-
invasive methods of secretion removal [445]. Failure of non-invasive secretion removal will require 
invasive suctioning, a technique which is uncomfortable, can cause trauma and may directly introduce 
pathogens to the airways [446]. If the patient becomes reliant on this method of secretion removal, it 
will most likely result in a requirement for long term tracheostomy.  

Where possible, tracheostomy should be avoided if the patient has adequate bulbar function, not 
ventilator dependent and if secretions can be managed non-invasively. This is because ventilator users 
who have been converted from tracheostomy to NIV for long term ventilatory support, prefer NIV over 
tracheostomy for safety, convenience, comfort, speech, swallowing, sleep and appearance [447]. 
Tracheostomy intermittent positive pressure ventilation has also been associated with increased carer 
burden [407] and maintenance of a tracheostomy is associated with expensive equipment and ongoing 
consumables.  

 

Importance of glottic control for peak cough flow generation 

The importance of glottic control for peak cough flow generation is demonstrated in a study of 50 MND 
ventilator users, where patients with a PCF greater than 180L/min (275 ± 65 L/min) were successful in 
being managed non-invasively, whereas patients with peak cough flows of 150 ± 80L/min could not be 
treated with non-invasive support [448]. Interestingly, the group which was not successful with non-
invasive management had a significantly higher mean VC (934 mL) compared to the group which was
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successful with non-invasive management (VC = 580mL). The authors suggested that the patients who 
were not successful had greater glottic impairment and that the ability to generate PCF in excess of 
180L/min was more important than the ability to breathe-in independently.  

 

Measuring peak cough flows 

As peak cough flows are very important measures in determining a patient’s ability to clear secretions 
and providing evidence for non-invasive expiratory aid provision, they should be performed regularly. 
Peak cough flows can be most simply measured using a peak cough meter and instructing the patient 
to cough as forcibly as possible through the device [440, 445]. It should also be used to compare peak 
expiratory flow rates which can be generated using insufflation and manual assist techniques. If the 
patient has adequate lip control a mouth-piece can be used, otherwise a non-vented face mask can be 
used. Authors have suggested that using a face mask provided less air leaks and was an easier way to 
measure changes in peak cough flows post insufflation techniques [440].  

Clinicians should have access to low-flow, low resistance peak flow meters or digital peak flow meters 
which are capable of measuring flow rates at the lower end of the spectrum. In research environments, 
pneumotachographs can be used as it has been suggested that they provide a more accurate measure 
of peak cough flow than a standard peak flow meter [442, 449]. However, one study which compared 
peak cough flows obtained with a pneumotachograph with those measured using a portable peak flow 
meter in a healthy subjects and patients with neuromuscular disease found no statistically significant 
differences [450]. Furthermore, when stratified over three ranges of flows (<270 L/min, 270-480 L/min, 
and >480 L/min), no statistically significant differences were obtained for the population as a whole in 
any range, however, in the lower flow range (<270 L/min), the portable peak flow device significantly 
overestimated PCF in 14 patients. 

 

Key points: 

• For patients with neuromuscular conditions, peak cough flows can be reduced either from the 
inability to adequately inflate their lungs, expiratory muscle weakness, or the inability to close the 
glottis to retain the volume of air in the lungs prior to cough initiation.  

• The inability to effectively cough out secretions is the main cause of morbidity and hospital 
admissions for patients with neuromuscular disease. If an effective cough cannot be generated with 
the use of non-invasive respiratory aids, this can ultimately lead to tracheostomy and earlier death. 

• Ability to generate PCF of at least 160 L/min is necessary for the successful extubation or 
tracheostomy tube decannulation of patients with neuromuscular disease. 

• Baseline assisted PCF <270 L/min are likely to decrease to <160 L/min during chest infections, 
increasing the likelihood of pneumonia and respiratory failure. 

• Poor glottic control greatly impairs the ability to generate sufficient PCF. 

• Clinicians should have access to low-flow, low resistance peak flow meters to routinely measure 
PCF. 

 

 

4.1.1 NON-INVASIVE METHODS TO AUGMENT PEAK EXPIRATORY COUGH FLOWS 
The aim of increasing insufflation capacity is to maintain the patient’s chest wall range of motion as 
best as possible. In addition to this, it has also been shown to enhance peak expiratory cough flows, 
with stepwise correlation showing that inspiratory capacity contributes to 44% of the variance of peak 
cough flow in patients with neuromuscular disease [440]. Adding manually assisted coughing [439, 
440, 451] and mechanical in-exsufflation [439, 442] further enhance peak cough flows with the latter 
providing the most superior cough assistance. In one study, the addition of insufflation capacity to 
unassisted inspiration in neuromuscular patients increased peak cough flows from 109 L/min to 202 
L/min. Furthermore, adding manual abdominal assistance resulted in peak cough flows of 256 L/min, 
and mechanical in-exsufflation increased peak cough flows to 448 L/s [439].  
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All of these techniques are very important for all patients with reduced peak cough flows. However, 
practise and routine use of these techniques should commence well before they are to be needed in an 
acute setting. This is because these techniques require substantial acclimatisation and practise for 
both the patient and their carers. Also, in order for the techniques of insufflation, manual assisted 
coughing and mechanical in-exsufflation to be effective, the pressures and force used need to be 
adequate and therefore need to be built up over time. The patient and their carers should be well 
versed in these techniques prior to any acute presentations or chest infections, a time where it can be 
very difficult to learn or accept these important life saving skills if they have not been practised earlier. 

 

 

4.1.2 MANUAL INSUFFLATION 
Normal breathing consists of varying tidal volumes with intermittent deep breaths or sighs which assist 
with the prevention of the closure of lung units and maintains adequate lung and chest wall range of 
movement [445, 452]. In neuromuscular disease, when there is significant inspiratory and expiratory 
muscle weakness, loss of this normal chest wall and lung tissue expansion occurs along with a 
reduction in tidal breathing and a loss of intermittent stretches. This leads to a stiffening of the joints in 
the rib cage and muscle shortening, producing a reduction in chest wall compliance, micro-atelectasis 
and alterations in the elastic properties of the lungs which can further worsen compliance [452]. The 
aim of insufflation is to promote chest wall range of motion and to increase lung volumes or 
intrathoracic pressure to the extent that it significantly increases peak cough flows on expiration.  

The training of insufflation has been commenced by some authors when vital capacity has been noted 
to be < 2 L or 50% normal [443, 445]. The air can be delivered via the assistance of a volume-ventilator 
or a manual resuscitator with a one way valve in situ (see Figure 5) [87, 445]. The technique is 
achieved by the patient taking a deep breath, holding it, and then stacking consecutively delivered 
volumes of air to the maximum volume that could be held with a closed glottis [452].  

 
  
Figure 5: Using a manual resuscitation bag for insufflation 

A) Bag-valve resuscitator configured for mouthpiece ventilation [87].* 

B) Bag-valve resuscitator with one-way valve to allow breath-stacking [87].* 

C) Demonstration of manual insufflation using a mouthpiece 
*Reproduced with permission from RESPIRATORY CARE and The American Association for Respiratory Care. 

 

With training, the capacity to stack air to deep insufflation can improve despite neuromuscular 
weakness and can result in increased cough effectiveness. In a regime of 10 to 15 breath holds, 
performed thrice daily, the maximum insufflation capacity increased in 70% (30 out of 43) of patients 
with neuromuscular disease, which resulted in significantly increased assisted PCF [452]. 

 

 

A B C 
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4.1.3 MANUALLY ASSISTED COUGHING 
After instructing the patient to take a deep breath, the patient is asked to cough as forcefully as 
possible whilst the carer performs an abdominal thrust. Other techniques to manually assist with 
expiratory flow rates include anterior chest wall compression, lateral chest wall compression or 
ptussive squeeze [439, 440, 442, 443, 449, 452, 453]. To maximise the efficiency of this technique, the 
patient is usually insufflated to maximal capacity via a manual resuscitator bag or volume ventilator 
prior to performing this abdominal thrust [439, 451] (see Figure 6). For patients with VC less than 1L to 
1.5 L, deep ventilator insufflations or air-stacking should precede manually assisted coughing [439]. 
For a schematic representation of how theses techniques can affect lung volumes in a patient with 
inspiratory and expiratory muscle weakness, see Figure 7. 

 

 

 
 

Figure 6: Using an abdominal thrust (manual assisted cough) which will further enhance expiratory 
flows if appropriately timed to glottic opening. Insufflation has been achieved using a resuscitation bag 
(with one-way valve) attached to a facemask.  
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  Normal tidal breathing (TV spontaneous) from functional residual capacity (FRC). 

  Augmented tidal volume with the assistance of mechanical ventilation or a manual 
resuscitation bag (TV machine). 

  Increasing tidal volume to total lung capacity (TLC) by stacking successive breaths on top 
of one another (insufflation). 

  Cough in the absence of expiratory muscle strength. Passive recoil of chest wall after 
insufflation will decrease to FRC only. 

  The dotted line represents external manual cough assistance (e.g. abdominal thrust) after 
insufflation. This will produce a faster expiratory flow rate and potentially allow a greater 
volume of air to be expelled by providing external compression to approximate residual 
volume (RV).  

 

Figure 7: Representation of lung volumes in a patient with inspiratory and expiratory muscle weakness 
using mechanical ventilation, insufflation and manual cough assistance. 

 

This technique requires a co-operative patient, good co-ordination between the patient and caregiver, 
and adequate physical effort and endurance of the care giver providing the thrust or overpressure 
[414]. During times of secretion retention, this technique may require frequent application and it is 
important to remind carers to monitor their technique and position as not to put undue stress and strain 
on their musculoskeletal system, especially their spine. Conditions that interfere with the application of 
effective manual assisted coughing techniques such as thoracic cage deformities, scoliosis, abdominal 
distension, abdominal surgery, full stomach and weight extremes will diminish the effectiveness of 
assisted peak cough flow [414]. When assisted coughing in addition to insufflation is not able to 
generate adequate peak cough flows, mechanical in-exsufflation can be particularly useful. 

 

 

 Manual assisted cough 

 

RV 
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TV spontaneous 

TV machine 
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4.1.4 MECHANICAL IN-EXSUFFLATION 
Mechanical insufflation-exsufflation (in-exsufflation) consists of insufflation of the lungs using positive 
pressure followed by negative (or sucking) pressure during exsufflation. This creates a peak and 
sustained expiratory flow which, when great enough, can provide shear forces and velocity that is 
adequate to loosen secretions and move them towards the mouth for expectoration or oral suctioning 
[454]. This technique can also be used attached to a tracheostomy or endotracheal tube, in which 
peripheral secretions are mobilised centrally and removed by the mechanical in-exsufflator. Once again 
this technique is indicated when PCF is reduced below 270L/min, the level necessary to clear bronchial 
secretions during a chest infection. 

The most common commercially available mechanical in-exsufflator in Australia at present is the 
CoughAssist® In-Exsufflator (Respironics-Philips) (see Figure 8). This device gradually applies a 
positive pressure to the airway and then rapidly shifts to negative pressure that produces high 
expiratory flow rates from the lungs, which simulates a cough [454]. Depending on the degree of 
insufflation (maximum +60 cmH2O) and level of negative pressure applied (maximum -60 cmH2O), and 
degree of airway resistance, the manufacturers report that a maximum exhalation flow capacity of 600 
L/min can be obtained [455].  

 

 
 

Figure 8: Mechanical in-exsufflation using a firm fitting face mask. Instructions of “breathe in”, 
“cough” and “rest” are given by the carer who is manually operating the machine. Whilst not shown 
here, a manual cough assist (e.g. abdominal thrust) can also be utilised during the expiratory cough 
phase of the technique. 

 

 

In order to determine insufflation and exsufflation pressures that are required to effectively achieve 
sufficient peak expiratory flows, the mechanics of the CoughAssist in-exsufflator have been studied in 
artificial lung models. At a resistance of 6 cmH2O/L/s and static compliance of 50mL/cmH2O, for a 
minimum clinically effective flow of 160 L/min, a preset insufflation and exsufflation pressures of +30/-
30 cmH2O was required [456]. For a given insufflation and exsufflation pressure, peak expiratory flow 
decreased by increasing resistance and decreasing compliance (see Figure 9). The majority of clinical 
studies report that insufflation and exsufflation pressures of +40 cmH2O/-40cmH2O to be optimal in 
adults. However, higher pressures of up to +60 cmH2O/-60cmH2O may be required in conditions of 
significantly increased resistance or reduced lung or chest wall compliance [454]. 
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Figure 9: Relationship between expiratory flow rate and airway resistance with two different 
insufflation-exsufflation pressures. The upper two curves represent +60/-60 cmH2O and the lower 
two curves represent +40/-40 cmH2O. The sold line is when compliance is set at 50 ml/cmH2O and the 
dashed line is when compliance is set at 25 mL/cmH2O. The minimal clinical effective flow rate 
threshold of 2.7 L/s (or 160 L/s) is highlighted. From [454] which used data from [457]. – Reproduced with 
permission from RESPIRATORY CARE and The American Association for Respiratory Care. 

 

 

Clinical Studies in Neuromuscular Disease 

Observational studies and retrospective studies have been used to review the effectiveness of cough 
in-exsufflation (CoughAssist) in various neuromuscular diseases, including DMD, MND, SMA Type 1 
and 2, spinal cord injury, myopathies and myasthenia gravis [454]. In patients with neuromuscular 
disease, the use of mechanical in-exsufflation has been shown to produce superior peak cough flow 
rates over insufflation and manual cough assist, whether used separately or in combination [439, 442]. 

Patients with DMD, treated with mechanical in-exsufflation as part of an oximetry driven protocol (i.e. 
used when SpO2 <95%), had significantly fewer hospitalisations over a three year period when 
compared to patients who did not use the protocol [441]. Others have shown that this protocol (using 
volume ventilation and cough inexsufflation in response to SpO2 <95%) also avoids tracheostomy and 
improves survival in DMD [408]. 

Mechanical in-exsufflation has also been shown to be successful in scenarios where manual 
insufflation and manual cough assistance are not effective due to lack of cooperation, age, or reduced 
bulbar function. In children with SMA Type 1, mechanical in-exsufflation had only 5 extubation failures 
from 28 attempts, whereas the conventional treatment had 18 extubation failures from 20 attempts 
[458]. It has also been shown that the use of mechanical in-exsufflation prolongs survival without the 
need for tracheostomy in this patient population [459]. 

Cough in-exsufflation has also been successfully used in spinal cord injury. In a prospective study of 
sputum clearance techniques patients with C1 to C7 spinal cord injuries, adding mechanical cough in-
exsufflation (pressure range 15-45 cmH2O) to a treatment arm significantly increased vital capacity and 
peak expiratory flow, without complication [460]. 
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One study demonstrated that manual assisted coughing and manual insufflation at ±20 cmH2O were 
ineffective in patients with neuromuscular disorders with significant scoliosis [449]. It was hypothesised 
that greater pressures would be required in this group. However, this was not the case in another 
series which included adult and paediatric patients, where mechanical in-exsufflation was titrated for 
comfort and insufflation pressures of +15±3 cmH2O and exsufflation pressures of -15± 9 cmH2O, 
showed significant benefit in patients with scoliosis [442]. Other insufflation pressures of +35 to +60 
cmH2O and exsufflation pressures of -35 to -60 cmH2O have been routinely used in adults [443]. A 
study which compared cough in-exsufflation at pressures of ±15cmH2O, ±30 cmH2O and ±40 cmH2O, 
demonstrated that it was safe, well tolerated and it significantly improved PCF and SpO2 for patients 
with neuromuscular disease, especially when used at pressures of ±40 cmH2O [461]. 

 

Poor bulbar function and Mechanical In-Exsufflation 

In order for cough in-exsufflation to be effective for airway clearance the patient needs to have at least 
some intact bulbar function and control. When there is severe loss of pharyngeal and laryngeal muscle 
function, the upper airway can collapse during inspiration and expiration [462]. The collapse of the 
upper airway on expiration, whilst allowing the negative pressure to be generated, will not translate into 
effective expiratory flow rates for secretion removal. Although cough in-exsufflation has been effectively 
used in patients with MND and some bulbar dysfunction [414, 463], in those with very poor bulbar 
dysfunction and insufflation capacity of >1 L, in-exsufflation peak cough flows of < 160 L/min only could 
be generated, indicating severe upper airway dynamic collapse during exsufflation [463]. Mechanical 
in-exsufflation is often ineffective via the upper airway when there is poor glottic stability during 
exsufflation such as patients with bulbar-onset MND [414].  

 

Complications of Mechanical In-Exsufflation 

Whilst it is known that mechanical positive pressure can produce complications such as abdominal 
distension, aggravation of oesophageal reflux, haemoptysis, chest and abdominal discomfort, acute 
cardiovascular effects and pneumothorax, there is little in the literature to suggest that mechanical in-
exsufflation regularly causes these problems [454]. In 1994, a clinician with over 650 patient years and 
hundreds of applications of in-exsufflation in ventilated patients with neuromuscular disease, had noted 
no episodes of pneumothorax, aspiration of gastric contents or haemoptysis [464]. Other authors also 
support the claim of the safety of mechanical in-exsufflation in neuromuscular disease [465]. A case 
study published in 2008, reports being the first to describe two cases (one with C4 Tetraplegia and one 
with DMD) of pneumothorax occurring with the daily use of mechanical in-exsufflation (and positive 
pressure ventilation) [466]. Whilst still appearing to be a rare complication, the use of mechanical in-
exsufflation is contraindicated in any patient with a history of bullous emphysema, susceptibility to 
pneumothorax or pneumo-mediastinum, or recent barotrauma. 
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Key points: 

• Increasing insufflation capacity using a manual resuscitation bag with a one-way valve or volume 
ventilator aims to maintain the patient’s chest wall and enhance PCF. Adding manually assisted 
coughing and mechanical in-exsufflation further enhance PCF, with the latter providing the most 
superior cough assistance. 

• Training of insufflation should commence when VC < 2L or 50% predicted. 

• Non-invasive expiratory respiratory aids are recommended for PCF < 270 L/min. 

• All techniques require substantial acclimatisation and should be introduced when the patient is 
well. 

• For patients with VC < 1 to 1.5L, insufflations should precede manual assisted coughing 
techniques (e.g. abdominal thrusts). 

• In adults, mechanical in-exsufflation settings of +40 cmH2O and – 40 cmH2O appear to safely 
provide adequate PCF for the majority of patients with neuromuscular disease. 

• Mechanical in-exsufflation can be ineffective in patients with very poor bulbar dysfunction with 
insufflation capacity >1L, where dynamic airway collapse occurs. 

• Mechanical in-exsufflation is contraindicated in any patient with bullous emphysema, susceptibility 
to pneumothorax, pneumo-mediastinum, or recent barotrauma. 

 

 

4.1.5 OPTIMISING HOME CARE IN THE CASE OF RESPIRATORY TRACT INFECTION IN PATIENTS 
WITH NEUROMUSCULAR DISEASE 

The following is recommended to optimise home care in the case of a respiratory tract infection: 

i) Regular vaccination against influenza and pneumococcus [62, 467, 468]. 

ii) Early antibiotic treatment to reduce the risk of bacterial superinfection [468]. In recurrent 
infections the source of the pathogen should be sought and treated appropriately [62].  

-  Whilst ideally the commencement of antibiotics should occur after medical assessment, in 
certain circumstances, a script for antibiotics can be kept at home and filled when indicated. 
Patients who are geographically isolated from medical attention or where carers do not have 
appropriate access to a pharmacy, may benefit from keeping prescribed antibiotics at home. 
If this is to be the scenario, the prescribing physician should carefully educate the patient 
about the use of antibiotics in this way (including monitoring date of expiration) and should 
not substitute the need for medical assessment which should occur as soon as able. 

iii) Frequent use of non-invasive inspiratory and expiratory respiratory aids (such as insufflation, 
manual assist and cough in-exsufflation) in order to promote chest wall range of motion and for 
the patient and the carer to maintain proficiency in these techniques. 

iv) In the absence of significant ventilation-perfusion mismatch and if home oximetry is available, 
assisted coughing manoeuvres should be performed continuously to resolve falls in oxygen 
saturations below 95% This is using the assumption that these desaturations would most likely 
to be a result of secretion accumulation and that if they are not attended to, atelectasis and 
pneumonia would result. This protocol has been shown to significantly decrease hospitalisation 
rates for respiratory complications of neuromuscular disease [443]. 

v) Admission should be arranged if domiciliary insufflation and non-invasive secretion removal 
techniques are not able to reverse SpO2 < 95% in the presence of continual ventilator use, 
persisting dyspnoea, suspected dehydration, fever, lethargy or possibility of fatigue [443]. Once 
again this value is based on the absence of significant ventilation-perfusion mismatch and the 
respiratory physician may set an alternative SpO2 limit depending on the patient’s baseline SpO2 
characteristics. In children, one study gave a time limit on these recommendations to suggest 
that if the oxygen saturations cannot be increased > 95% for more than half an hour that the 
patients’ physician should be contacted immediately [468]. 
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Key points: 

• Regular vaccination against influenza and pneumococcus. 

• Early antibiotic treatment to reduce the risk of bacterial superinfection and recurrent infections 
should be investigated for the source of the pathogen. 

• Frequent use of non-invasive inspiratory and expiratory respiratory aids (such as insufflation, 
manual assist and cough in-exsufflation) in order to promote chest wall range of motion and for the 
patient and the carer to maintain proficiency in these techniques. 

• Admission should be arranged if domiciliary insufflation and non-invasive secretion removal 
techniques are not able to reverse SpO2 < 95% in the presence of continual ventilator use, 
persisting dyspnoea, suspected dehydration, fever, lethargy or possibility of fatigue. This SpO2 
value is based on the absence of ventilation-perfusion mismatch and can be altered by the treating 
team accordingly. 

 

 

RECOMMENDATIONS FOR SECRETION MANAGEMENT IN NEUROMUSCULAR DISEASE Grade 

Clinicians should have access to low-flow, low resistance peak flow meters to routinely 
measure PCF. D 

Ability to generate PCF of at least 160 L/min is necessary for non-invasive management 
of pulmonary secretions. Baseline assisted PCF <270 L/min are likely to decrease to 
<160 L/min during chest infections, increasing the likelihood of pneumonia and 
respiratory failure. Patients with a baseline PCF < 270 L/min should have access to 
equipment which can provide insufflation and a mechanical cough in-exsufflation. 

C 

Training of insufflation should commence when VC < 2L or 50% predicted. D 

If a resuscitation bag with a one-way valve in situ is to be used for insufflation, the 
patient and their carers need to be reminded of the function of the one-way valve and 
that it is to be used for insufflation purposes only. The one-way valve must be removed 
to provide bag-valve ventilation via a mouthpiece or mask, for example, in the event of 
ventilator failure in ventilator dependent individuals. 

D 

As manual assisted coughing techniques (e.g. abdominal thrust) further enhance PCF, 
they should be incorporated with insufflation or mechanical in-exsufflation techniques, 
where possible. 

B 

For patients with VC < 1 to 1.5L, insufflations should precede manual assisted coughing 
techniques (e.g. abdominal thrusts). C 

In adults, mechanical in-exsufflation settings of +40 cmH2O and – 40 cmH2O appear to 
safely provide adequate PCF for the majority of patients with neuromuscular disease. B 

Mechanical in-exsufflation can be ineffective in patients with very poor bulbar 
dysfunction with insufflation capacity >1L, where dynamic airway collapse occurs. C 

In order for the techniques of insufflation, manual assisted coughing and mechanical in-
exsufflation to be effective, the pressures and force used need to be adequate and 
therefore need to be built up over time. All techniques require substantial acclimatisation 
and should be trained when the patient is well and ideally prior to an acute infective 
requirement. 

D 

Patients should receive regular vaccination against influenza and pneumococcus. D 

Early antibiotic treatment to reduce the risk of bacterial super-infection and recurrent 
infections should be investigated for the source of the pathogen. D 

Admission should be arranged if domiciliary insufflation and non-invasive secretion 
removal techniques are not able to reverse SpO2 < 95% in the presence of continual 
ventilator use, persisting dyspnoea, suspected dehydration, fever, lethargy or possibility 
of fatigue. This SpO2 value is based on the absence of ventilation-perfusion mismatch 
and can be altered by the treating team accordingly. 

C 
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4.2 USE OF NON-INVASIVE RESPIRATORY AIDS FOR SPUTUM CLEARANCE TECHNIQUES IN 
CHRONIC OBSTRUCTIVE LUNG DISEASES 

 

 

4.2.1 MECHANICAL IN-EXSUFFLATION IN CHRONIC OBSTRUCTIVE LUNG DISEASE 
Trials with mechanical cough in-exsufflation in patients with COPD have produced mixed results. One 
study which compared mechanical in-exsufflation pressures in patients with COPD, demonstrated that 
± 40 cmH2O significantly improved dyspnoea and SpO2, but did not significantly increase PCF [461]. 
Another study with COPD patients subjected to mechanical in-exsufflation at pressures of ± 20cmH2O 
and manually assisted cough showed a significant deleterious effect in both peak cough flow and 
cough expiratory volume, whereas the neuromuscular patients in the same series showed a significant 
improvement [449]. Whilst it was expected that manual assisted cough would show no improvement in 
patients with no sign of expiratory muscle weakness (i.e. stable COPD), the decrease in PCF was 
unexpected. The decrease in PCF was suggested to be caused by premature peripheral airway 
closure, exacerbation of hyperinflation or induced bronchoconstriction from using mechanical in-
exsufflation or manual cough assistance. 

 

 

4.2.2 NON-INVASIVE VENTILATION FOR CHEST-PHYSIOTHERAPY IN CYSTIC FIBROSIS 
Chest physiotherapy for secretion removal in cystic fibrosis can include techniques such as the forced 
expiratory technique (FET) or active cycle of breathing technique (ACBT) [469, 470]. The ACBT, for 
example incorporates cycles of thoracic expansion exercises (deep breathing), controlled or relaxed 
breathing and finally huffing from mid to low lung volumes to assist with sputum mobilisation to the 
central airways to which it can be expectorated. Whilst it has been shown to be effective in secretion 
removal [470], ACBT can cause significant SpO2 falls and reductions in inspiratory muscle strength in 
CF patients with FEV1 of 34% predicted [317]. The FET has also been associated with significant falls 
in SpO2 and reductions in inspiratory and expiratory muscle strength after the manoeuvre [316]. When 
NIV is used along side these secretion removal techniques in patients with reduced FEV1, it prevents a 
fall in inspiratory muscle function [317] or improves it [316], improves minimum and mean oxygen 
saturation [316, 317], improves expiratory muscle strength [316, 317] and improves small airway 
function, and reduces dyspnoea [317]. One study which randomly compared mask PEP, CPAP and 
NIV and control (directed cough) in patients with FEV1 25% predicted, showed that although there were 
no differences in sputum clearance or pulmonary function measures, there was less fatigue with CPAP 
and NIV compared to PEP [319]. These trials are single session treatments and the long-term effect of 
NIV for airway clearance has not yet been established [471]. 

 

Environmental set-up for using NIV in lung disease 

Postural drainage may not be possible in the spontaneous breathing breathless patient, but the use of 
NIV can allow for this to occur if it can adequately reduce the patient’s work of breathing and settle 
their dyspnoea [267]. A mouthpiece attached to an exhalation valve and nose clip rather than a mask 
interface may be more suitable for the airway clearance technique (see Figure 10). Using ACBT as an 
example of secretion removal technique, non-invasive ventilation can be used during the thoracic 
expansion exercises at the same or higher IPAP pressures and during breathing control at baseline 
pressures to promote adequate rest and recovery (see Figure 11). In order to maximise airway 
clearance therapy, optimal bronchodilator management that may be administered through the NIV is 
advisable during treatment. Humidification can also be added [472]. Heated humidifiers are preferred 
to the use of heat moisture exchangers, as the latter may increase dead-space, increase the work of 
breathing and reduce the efficacy of NIV [473]. 
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Figure 10: Using NIV with a mouthpiece and nose clip during ACBT [472] – Reproduced with permission 
from Physical Therapy Reviews, Maney Publishing (http://maney.co.uk/index.php/journals/ptr/). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Replication of ACBT during NIV in patients with cystic fibrosis  

 (From [472] using evidence-based parameters from [471]). 
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Key points: 

• In COPD, trials of mechanical in-exsufflation have shown no improvement or deleterious effects on 
PCF. 

• When NIV is used along side secretion removal techniques, such as ACBT or FET in CF patients 
with reduced FEV1, it prevents a fall in inspiratory muscle function or improves it, improves minimum 
and mean oxygen saturations, improves expiratory muscle strength and improves small airway 
function, and reduces dyspnoea. 

• To maximise the airway clearance therapy, optimal bronchodilator management that may be 
administered through the NIV is advisable during treatment and humidification can also be added. 

• The long-term effect of NIV for airway clearance in CF has not yet been established. 

 

  

RECOMMENDATIONS FOR NON-INVASIVE RESPIRATORY AIDS 
IN OBSTRUCTIVE LUNG DISEASES Grade 

Further investigation of mechanical in-exsufflation in obstructive lung disease is needed 
before recommendations can be made about this device for this diagnostic category. 
Currently there appears to be little recommendation for its use in stable COPD. 

D 

NIV may be a useful adjunct to other airway clearance techniques, particularly in people 
with CF who have difficulty expectorating sputum or have stable moderate to severe 
disease (FEV1 approx < 40 – 60 % predicted). 

C 

In an attempt to optimise airway clearance, optimal bronchodilator management that 
may be administered through the NIV can be used and humidification via a heated 
humidifier can be added. 

D 
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CHAPTER 5     PATIENT / CARER 
EDUCATION & TRAINING 

 

DANIEL FLUNT 

 

 

5.1 BACKGROUND & MINIMUM SKILLS TO BE ACQUIRED 
In order for a patient to be successful with NIV in their home environment they must feel comfortable 
with the concept of NIV, their equipment, ventilator settings and have enough knowledge to be able to 
problem solve or know who to contact when required. As patients will have different levels of cognition, 
physical abilities, treatment tolerance and treatment acceptance, the time course of acclimatisation can 
vary significantly between individuals. 

A common method of acclimatisation includes initial daytime ventilator sessions of 30-45 min [84] to 2 
to 4 hours [85, 86, 474], in order to increase tolerance of NIV and to train the patients or their carers in 
the basic handling of the equipment [84, 85]. When the patient is able to tolerate daytime trials, 
nocturnal ventilation trials are commenced [85, 86, 474]. During this period when ventilation settings 
are further optimised by polysomnogram, overnight oximetry or patient tolerance, further skills and 
knowledge about NIV are consolidated. Where possible this should include the patient’s family, carers 
or friends to assist with information processing. In cases where it is not possible for the patient to be 
able to independently manage NIV, carers should be present for all active processes of NIV 
acclimatisation. For a list of the minimum skills and level of knowledge to be acquired by patients or 
their carers during the process of acclimatisation to NIV, see Table 7. 

 

 

Table 7: Minimum skills and level of knowledge to be acquired by patients or their carers during 
acclimatisation of NIV 

Ventilator 

1 Familiarity with the most important parts of the ventilator and how to operate it [84, 85]. 

2 Familiarity with the main alarms on the ventilator [85]. 

3 Ability to react to problems related to ventilation [85]. 

4 If possible know the ventilator settings or know where a copy of their most recent ventilator 
settings can be obtained. 

5 Know how the ventilator acts in the event of a loss of mains power. 

6 Know how to change or clean the filter. 

7 Depending on the patient’s level of ventilator dependence, understand how a disruption to 
ventilation could affect them. The level of urgency to seek a response for medical attention or 
equipment replacement should be discussed. 

8 Understand that if the ventilator is locked that they will not accidentally alter the settings of the 
machine. 

 

(table continued over) 



 

115 

Table 7 (contd): Minimum skills and level of knowledge to be acquired by patients or their  
 carers during acclimatisation of NIV 
 
Mask and Tubing 

1 Competent with placement and adjustment of the mask and headgear, without significant leakage 
[84, 85]. 

2 Know the different parts of the mask – how to dismantle and put back together, and the 
implications of a broken mask or a mask that has a missing piece. 

3 Adequate handling, placement and importance of the expiratory valve [85]. 

4 Adequate cleaning of the parts such as the masks and tubings [85]. 

5 Understand the implications of excessive face-mask leakage or mouth leakage on patient-
ventilator synchrony, patient tolerance and patient comfort. 

6 Check the equipment regularly for wear and tear (especially mask and tubing). 

7 Know how to rapidly remove the mask in the case of nausea or vomiting. 

8 If supplemental oxygen is required, know how to safely entrain it into the system. 

  
Humidifiers and Nebulisers 

1 Know how to attach, clean and fill the heated humidifiers. 

2 Know to empty humidifiers for transport, especially if they are integrated units. 

3 If nebulisers are to be frequently entrained through mouth pieces or oro-nasal masks, extra 
attention should be paid to cleaning the expiratory ports and anti-asphyxial valves (where 
present). 

  
Contact Information 

1 Name and telephone number of the service to contact during work hours for standard problem 
solving or advice. 

2 During an emergency situation, the patient should be transported to an emergency department, 
via emergency services. 

3 Have an itemised list of the names and manufacturers of all of the equipment required. 

4 Have the contact names, phone numbers and addresses of the retailers which are supplying their 
masks, tubing, filters and other ancillary equipment. 

5 Know who is responsible for the maintenance of their ventilator and that they need to contact that 
department should there be an issue. 

6 Speak with the supplier of their ventilator and understand the process should there be an issue 
with their ventilator. 

  
Other Information 

1 Understand the importance of compliance and the implications of poor compliance. 

2 Information / guidance of travelling with NIV (land based / sea travel). 

3 May need to obtain clearance for air travel from a Respiratory / Sleep Physician. 

4 Should bring in the ventilator equipment for unplanned hospital admissions and for outpatient 
appointments. 

5 Understand the importance of regular follow-up and have a follow-up appointment organised.  
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5.2 INPATIENT VERSUS OUTPATIENT ACCLIMATISATION 
In the vast majority of centres where domiciliary ventilation is prescribed, the acclimatisation process is 
often started in a hospital inpatient setting, either during a planned admission or after an exacerbation 
of the underlying pathology [2, 85]. At other times, patients have been acclimatised in the outpatient 
setting [84, 85], or even in their own home [86]. The advantages and disadvantages of acclimatising 
NIV in the inpatient versus the outpatient setting are highlighted in Table 8. 

A recent RCT compared inpatient versus outpatient initiation of home mechanical ventilation in patients 
with nocturnal hypoventilation secondary to neuromuscular and chest wall disease [84]. This study 
showed that there were improvements in SpO2 and TcCO2 measures and that there was no significant 
difference between the two groups. Health professional contact time and ventilator compliance was 
also not significantly different between the two groups. However, it is important to note that the 
participants were highly selected, had a near normal daytime PaCO2, and that the inpatient group were 
more effectively ventilated initially. It would therefore be difficult to recommend outpatient 
acclimatisation in patients with acute exacerbations, unstable hypercapnia or in patients with more 
complex medical problems. 

A prospective study comparing outpatient to inpatient acclimatisation demonstrated similar findings 
with the effectiveness of ventilation and the number of hours of ventilation being equivalent in all 
groups [85]. This study also demonstrated a saving of health care costs by 50%. Another prospective 
study which compared inpatient acclimatisation to acclimatisation in the patient’s home, showed similar 
improvements in quality of life measures and improvements in ABGs in both groups (with the home 
group recording significantly higher improvements) [86]. 

In the appropriate context, outpatient acclimatisation appears to be as effective as inpatient 
acclimatisation with the added benefit of potential patient convenience and cost saving. However, 
authors have stated that outpatient acclimatisation should only be seen as an alternative to inpatient 
acclimatisation and that when medically and logistically appropriate, both models should be offered 
with the patients being free to choose the most appropriate model of acclimatisation [85]. 

What appears to be more important is the framework and clinical expertise of the specialised NIV 
service offering either the inpatient or outpatient acclimatisation. This requires good infrastructure, 
adequate equipment, staff motivation, staff experience and dedication [86]. The initiation of patients on 
NIV will also be more successful if it is performed by members of an institution which has adequate 
through-put of patients requiring NIV from a variety of diagnostic categories [475]. 
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Table 8: Advantages and disadvantages of inpatient versus outpatient acclimatisation of NIV 
 

 ADVANTAGES DISADVANTAGES 

 

INPATIENT 
 

- Presence of a team of trained experts able to resolve any 
medical or technical problem that may arise [85] 

- More appropriate for unstable patients with acute exacerbation, 
uncontrolled hypercapnia, multiple medical problems, cognitive 
impairment and severe bulbar weakness [84, 85] 

- More appropriate for patients who are geographically isolated or 
if regular transport is too difficult [84] 

- May be more appropriate if the carers have a high level of 
anxiety or feel like they would not be able to cope in the initial 
stages of acclimatisation [84] 

- May be more appropriate for patients who live alone [84] 

 

- Occupies hospital beds designated for acute care and its 
accompanying costs are high [85] 

- Risk of nosocomial infections [84] 

- Hospital wards may lack specific facilities for patients 
with physical disabilities and for their carers / family to 
stay [84] 

- Patients and families inevitably lose time off work or 
study [84] 

 

OUTPATIENT 
 

- Outpatient sessions reduces days of hospitalisation and 
significantly cuts costs for the health care financier (bed 
occupancy, general care, meals and medication) [84, 85] 

- As outpatient admissions can be more flexible, patients may be 
assessed and commenced on treatment earlier if inpatient beds 
are unavailable [84] 

- More convenient for patients who will be able to return home to 
utilise their specialised equipment (e.g. hoists, wheelchairs, 
mattress, bed etc.) such that the NIV acclimatisation will be a 
more pleasant experience [84] 

 

- Requires residence to be in the urban area or within 
easy reach [85] 

- Requires adequate family support or sufficient degree of 
autonomy to allow daily attendance at hospital [85] 

- Only appropriate for patients in a clinically stable 
condition [85], and not appropriate for patients likely to 
experience problems with acclimatisation (e.g. cognitive 
impairment, severe bulbar weakness) [84] 
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5.3 CARER BURDEN 
The major causes of burden for carers looking after patients on home mechanical include: the patient’s 
underlying disease; level of the patient’s dependency; hours spent under mechanical ventilation; 
presence of a tracheostomy; home distance from hospital and presence of frequent hospitalisations 
due to respiratory deterioration or side effects of mechanical ventilation. Carer’s looking after patients 
with neuromuscular disorders or COPD patients are likely to contend with 2 to 3 criteria of burden in 
more than 50% of cases [476].  

More patients with greater levels of ventilator dependency, medical complexity and physical assistance 
are being managed in the home. This has great implications to both families and health care services 
with regards to time and costs. In neuromuscular disease, especially the slowly or non-progressive 
disorders, the burden is highest for the family than for the health system, especially in terms of hospital 
admissions [476]. The time spent by care givers in providing assistance for patients with poor activities 
of daily living has been described as enormous and additional time required for caregivers to provide 
transportation for clinical visits are usually not included in cost-analyses [477]. In order, to optimise the 
health of patients without putting undue burden on the carers, home visits or home care (either through 
face to face or telemedicine) [478, 479] are most likely to enhance the situation. Planning visits for 
education, supervision or continued training may improve quality of life and health for patients and the 
security for care givers [476]. A dedicated respiratory failure service or discharge co-ordinator is 
important to ensure that this will occur upon discharge of the patient from hospital [480, 481]. 

 

Key points: 

• Acclimatisation to NIV needs to ensure that the patient and their carers are competent with a basic 
set of skills and have sufficient knowledge of NIV to ensure safe and successful use of this 
treatment in the home. 

• Whilst acclimatisation generally occurs as an inpatient, it can also be performed in the outpatient 
setting. 

• Patients who have easy transport access to their health care facilities, not medically complicated 
and do not have unstable respiratory failure, can be successfully acclimatised in the outpatient 
model. 

• Success for initiation and education for NIV is more likely to come from institutions where there is a 
sufficient through-put of patients requiring NIV acclimatisation. 

• Care givers of patients with chronic respiratory failure under NIV are at high risk to develop burden, 
including caring for their patients during hospital admissions and transporting them for clinical 
appointments. 

• To reduce carer burden and enhance patient health, home visits or home care (either through face 
to face or telemedicine) should be provided and ideally managed by a dedicated respiratory failure 
service or discharge co-ordinator. 

 

 

RECOMMENDATIONS FOR PATIENT / CARER EDUCATION AND TRAINING Grade 

Minimum skills and level of knowledge need to be acquired by patients and / or their 
carers during the process of acclimatisation to NIV. See Table 7. D 

Acclimatisation and education for domiciliary NIV should occur at institutions where 
there is a sufficient through-put of patients requiring long term NIV. D 
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CHAPTER 6     NIV & RESPIRATORY MANAGEMENT 
OF PATIENTS ON DOMICILIARY NIV UNDERGOING 

ANAESTHESIA OR SEDATION 

DANIEL FLUNT 

 

6.1 BACKGROUND 
NIV can play an important role during sedative procedures and surgical anaesthesia, to enhance 
security in high risk patients with chronic respiratory failure secondary to neuromuscular disease, 
obesity, chest wall disorders and lung disease [219, 482-485]. General anaesthesia and surgical 
interventions that affect thoracic or abdominal musculature adversely effect pulmonary mechanics, 
which can worsen gas exchange and cause significant respiratory complications in the post-operative 
period [486]. Lung volumes, like FRC can decrease by 10 to 15% after lower abdominal surgery, 
decrease by approximately 30% after upper abdominal surgery and decrease around 35% after a 
thoracotomy [487]. In patients with baseline chronic respiratory failure and altered lung mechanics 
(such as kyphoscoliosis, obesity and neuromuscular disease), this further decline puts these patients 
at high risk of developing acute on chronic respiratory failure post procedure [482]. Sedative 
procedures which are normally tolerated by the general population without assisted ventilation, may 
cause significant hypoventilation in patients and also precipitate acute on chronic respiratory failure, if 
ventilatory assistance is not given during and after the sedative process. 

Mechanisms of post-operative ventilatory failure include: atelectasis; respiratory depressant effects of 
opiates and sedatives; infection; sputum retention; and pain leading to decreased chest wall movement 
and decreased lung compliance [484]. The consequences of these mechanisms is that it can lead to 
pneumonia, respiratory failure with prolonged mechanical ventilation, bronchospasm, lung collapse and 
exacerbation of the underlying disease [487]. As post-operative respiratory complications are an 
important part of the risk of surgery and prolong hospital stay by an average of one to two weeks in the 
general population [488], every effort should be made in patients with chronic respiratory failure to 
ensure adequate ventilation and secretion removal is maintained, prior, during and post procedures 
requiring sedation or anaesthesia. 

Whilst there is a paucity of prospective randomised controlled trials establishing that NIV can prevent 
peri or post-operative complications across the various diagnostic groups of chronic ventilator users, 
there have been retrospective analyses and case studies which support its usefulness in preventing 
complications. 

A retrospective study of 20 patients (including kyphoscoliosis, morbid obesity, thoracoplasty and 
neuromuscular disease) showed that use of bilevel or volume ventilation which was commenced 
immediately or 2 hours after extubation prevented the need for re-intubation for respiratory failure and 
that the mean stay in the post-operative unit was not significantly different to the general population 
[482]. However, hospital stays for the different pathologies were greater in the NIV patient group, 
except for gastroplasty where NIV produced significantly shorter hospital stays. The mean time for post 
intervention extubation was 3.8 ± 3.2 hours. With regards to one year follow-up, general anaesthesia 
and surgical interventions did not worsen lung function or gas exchange. A fundamental factor that can 
influence good results is the tight collaboration between the post-operative unit and the team carrying 
out the NIV. The existence of specialised NIV teams helps to predict the problems that may arise in the 
peri and post operative period for the patient with respiratory insufficiency due to chronic respiratory 
failure [482]. 

In case studies using NIV to treat ventilatory failure post corrective spinal surgery, the need to return to 
ICU for intubation and conventional mechanical ventilation was avoided [484]. In addition to curbing 
significant patient morbidity, this practise also prevented the increased cost and possible complications 
of intubation and conventional ventilation (including nosocomial pneumonia and ventilator 
dependence).
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Recommendations for the evaluation and management of patients with chronic respiratory failure on 
NIV requiring a sedative procedure or surgical anaesthesia will be grouped as a whole at the end of 
this section. The following paragraphs highlight specific issues or cases for some of the diagnostic 
disorders.  

  

Neuromuscular Disorders 

Whilst the risks of sedation and anaesthesia pose serious risks to all patients who have underlying 
chronic respiratory failure, patients with neuromuscular disease have additional and unique issues. 
These risks include: extubation failure due to chronic respiratory insufficiency; risk of intubation 
difficulty and airway instability while sedated due to macroglossia, stiff temperomandibular joint and 
upper airway hypotonia; secretion retention and plugging due to ineffective weak cough; poor glottic 
control at baseline; malnutrition at baseline; sensitivity to sedatives, with loss of spontaneous 
respiratory efforts; cardiovascular complications and malignant hyperthermia-like syndrome with the 
use of certain anaesthetics [489, 490]. Due to improvements in medical technologies and care, patients 
with neuromuscular disease on mechanical ventilation are now living longer and therefore it is now 
more common for patients with neuromuscular disorders to require procedures involving sedation or 
general anaesthesia [489, 491, 492]. Some examples of procedures include radiographic procedures, 
PEG tube insertions, endoscopies, surgery to correct scoliosis, pregnancy, caesarean sections and 
other incidental procedures which become more prevalent as the population ages. In addition to 
providing ventilatory support for these individuals, extra vigilance is required to ensure effective 
expectoration of secretions through manually or mechanically assisted coughing, especially when peak 
cough flows are < 270 L/min due to baseline or post-procedural expiratory muscle weakness [441, 
489].  

 

Chest Wall Disorders 

NIV has been used in the post-operative period of corrective spinal surgery for kyphoscoliosis after 
developing hypercapnic respiratory failure, thus avoiding the need for invasive mechanical ventilation 
[484]. Successful full term pregnancies have also been possible with the assistance of NIV in patients 
with kyphoscoliosis whose pre-pregnancy vital capacities ranged from 240 to 280 mL [493]. Other 
procedures have been performed in patients with chest wall disorders (kyphoscoliosis or thoracoplasty) 
requiring baseline NIV, include mastectomy, septoplasty, hip prosthesis, non-laparoscopic 
cholescystectomy and endoscopic retrograde cholangiopancreatography [482]. 

 

Lung Disease 

With regards to obstructive lung diseases, it has been suggested that an increased risk of pulmonary 
complication is associated with FEV1 or FVC < 70% predicted or FEV1/FVC ratio < 65% [494] or 
PaCO2 >45 mmHg [495]. However, these measures tend to have a variable predictive value [488, 496] 
for post operative complications and are not designed to predict the need for NIV in peri or post 
operative procedures. A consult from a respiratory physician would therefore be required to identify 
these patients as “at risk” on clinical grounds [487] . 

In order to ensure that the patient is at their optimal condition prior to a sedative procedure or surgical 
anaesthetic, elective surgery should be deferred if an acute exacerbation is present. Pre-operative 
optimisation of lung function with the use of bronchodilators, physiotherapy, smoking cessation and 
corticosteroids should also be arranged as necessary. Pre-operative antibiotics should be reserved for 
the outpatient where the presence of infection is suggested by a change in the character or amount of 
sputum [487]. 

 

Obesity 

Obesity increases postoperative pulmonary complication [497]. In particular central obesity is 
associated with decreased total lung capacity, vital capacity, functional residual capacity and chest wall 
compliance, and increased work of breathing and upper airway resistance [498]. Reductions in FRC, 
and hence propensity for small airway closure and atelectasis, on induction of anaesthesia occurs to a 
greater extent in normocapnic obese patients (50%), compared to non-obese patients (20%) [499]. 
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After surgical procedures, overweight or obese patients are more likely to have clinically significant 
pneumonia [500], atelectasis [501] and hypoxaemia [502].  

In patients undergoing gastric surgery for obesity with BMI > 40 kg/m2, which were randomised to 
prophylactic bilevel ventilation for two out of every three hours for the first 12 to 24 hours post 
operation demonstrated a 24 to 30% increase in FVC compared to the post-operative values in the 
group treated with oxygen alone [219]. However, these improved measures of lung function did not 
translate into fewer hospital days or lower complication rate. However, other researchers found a 
significantly reduced hospitalisation rate with the use of prophylactic NIV for gastroplasty [482].  

Another prospective RCT showed that bilevel at IPAP=12 cmH2O and EPAP=4 cmH2O significantly 
improved the falls in FEV1, FVC and SpO2 which occurred after gastroplasty when this group was 
compared to bilevel ventilation at IPAP=8 cmH2O and EPAP = 4 cmH2O or oxygen via facemask at 
10L/min [483]. It appears that the use of prophylactic NIV during the first 24 hours post-operation 
significantly reduces pulmonary dysfunction after gastroplasty in obese patients and accelerates re-
establishment of pre-operative pulmonary function.  

In high risk patients, the use of spinal or epidural anaesthesia instead of general anaesthesia has been 
recommended as a risk reducing strategy [485, 487]. 

 

Key points: 

• Advancements in medical technology, including NIV has meant that more patients with chronic 
respiratory failure are living longer, and therefore it is now becoming more common for these 
patients to require sedative procedures or surgical anaesthesia. 

• Patients with chronic respiratory failure on domiciliary NIV require adequate ventilatory support 
both during and post sedative procedures or surgical anaesthesia, to ensure that they do not 
develop acute on chronic respiratory failure and other respiratory complications. 

• As shown by retrospective analyses and case studies, NIV can prevent complications from 
procedures requiring sedation and surgical anaesthesia in the peri and post-operative period 
across the various diagnostic groups of chronic ventilator users. 

• The presence of a specialised NIV team during and after the procedure helps to predict the 
problems that may arise in the peri and post operative period for the patient with respiratory 
insufficiency due to chronic respiratory failure. 

• Use of NIV in the post operative period can potentially prevent re-intubation, admission to ICU and 
significant patient morbidity. 

• Prior to the procedure, patients should be assessed by a respiratory physician, anaesthetist and 
the patient’s NIV service. 

• Procedures should be performed at a tertiary hospital where staff has experience in NIV for acute 
and chronic hypoventilation and that there is access high level monitoring or an ICU. 

• In patients with expiratory muscle weakness causing PCF < 270 L/min, manual and mechanical 
non-invasive secretion removal techniques are paramount in the post-operative period. 

• Patients with obesity are prone to large reductions in FRC post induction of anaesthesia. NIV used 
post-operatively can significantly retard this decrease. 
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6.2 EVALUATION AND MANAGEMENT OF PATIENTS WITH CHRONIC RESPIRATORY FAILURE ON 
NIV REQUIRING A SEDATIVE PROCEDURE OR SURGICAL ANAESTHESIA 

 

Due to the lack of prospective randomised trials looking at the NIV and related respiratory 
management of patients on domiciliary NIV undergoing anaesthesia or sedation, the majority of the 
recommendations are based on expert consensus statements, particularly with regards to DMD [467, 
489]. However, it has been made clear that the respiratory interventions can be adapted to the care of 
patients with other types of neuromuscular disorders [467] and logically is appropriate for other 
diagnostic groups.  

 

Evaluation and management of patients before general anaesthesia or procedural sedation 

1. Obtain respiratory and anaesthetics consultations [489] at least 2 months prior to intended 
procedure to allow for intervention if required [467] 

2. Pulmonary evaluation [489]: 
i) VC: Consider pre-operative training of NIV if not already commenced  
 - At risk is defined as VC < 50% 
 - High risk of complication is defined as VC < 30%. 
ii) SpO2 on room air for baseline. 
iii) Carbon dioxide measure via ABG or end-tidal CO2 if SpO2 < 95% on room air. 
iv) PCF: If PCF < 270 L/min, pre-operative training in manual and mechanically assisted cough, 

including mechanical in-exsufflation. 
3. If not on NIV and not already performed, assess for sleep hypoventilation pre-operatively [467]. 

4. Cardiology and/or Nutritional assessment as required [489]. 

5. Optimisation of preoperative nutritional status may involve the use of NIV, as patients with 
untreated respiratory failure may be malnourished due to increased work of breathing or inability 
to eat due to dyspnoea [489]. 

6. Discuss the risks and benefits of the procedure and discuss resuscitation parameters and, if 
applicable, advanced care directives [489]. 

7. Procedure should be planned to be performed at an institution which has expertise in treating 
neuromuscular disorders, a dedicated non-invasive ventilation service and has access to an 
intensive care unit. 

8. Information / education to patients, carers and clinicians involved in care include: 

i) Basic knowledge about their disease and how sedative procedures, respiratory depressants, 
surgical anaesthetics, or uncontrolled use of oxygen are likely to interact with their 
hypoventilation disorder. 

ii) Bring equipment to hospital including mask, ventilator tubing or any additional ancillary 
equipment e.g. chin straps, oxygen side-port connectors etc. 

iii) Equipment should follow the patient. 

iv) If the patient has a more basic model of NIV, the NIV service accompanying the patient 
should provide a model which has the capabilities of a spontaneous-timed mode and the 
ability to change the settings easily and without the requirements of additional equipment. 

v) NIV service should organise a method of entraining supplemental oxygen should it be 
required during / after the procedure. 

vi) A variety of masks (nasal, oronasal or mouthpiece) in addition to the patients usual interface 
should be on hand. 

vii) Where the ventilator does not have an internal battery for transport, an external battery 
should follow the patient. 

viii) For convenience, a longer 3m ventilator tube, mains power extension cord and frequently 
used connectors should be available for the procedure. 
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Management of patients during general anaesthesia or procedural sedation 

1. Procedure to be performed in an appropriate high level environment and an ICU or high level 
monitoring unit should be available for post procedure management [489]. 

2. Consider spinal or epidural anaesthesia, if possible for surgical interventions [487]. 

3. Skilled personnel should be present, including [489]: 
i) Anaesthesiologist with experienced in the management of neuromuscular disorders. 
ii) Therapist/nurse or medical staff skilled in management of NIV. 

4. Intraoperatively continuously monitor SpO2 and whenever possible perform measures of CO2 
[489]. 

5. Options for providing respiratory support during general anaesthesia and sedation include [489]: 
i) Endotracheal intubation 
ii) Laryngeal mask airway  
iii) NIV delivered via a nasal or face mask 
iv) Volume ventilator using a mouth piece with leak proof seal 
v) Manual ventilation using a flow-inflated manual resuscitation bag 
vi) Use of NIV to facilitate extubation 
vii) Use of NIV during the induction of and recovery from deep sedation or anaesthesia [490] 

9. Application of NIV should be considered with VC < 50% and strongly considered with VC < 30%, 
during induction of or recovery from general anaesthesia, and throughout procedural sedation 
[489]. 

10. Have the ventilator set in spontaneous-timed or assist control (if not already). In patients with 
normal baseline respiratory strength and normal control of breathing, monitoring the proportion of 
patient triggered to machine delivered breaths may assist with assessing the patient’s level of 
sedation and its affect on respiration. 

 

Management of patients after general anaesthesia or procedural sedation 

1. Consider extubating patients with VC < 50% predicted, and those with VC <30%, directly to NIV 
[489]. 

2. Monitor SpO2 post procedure carefully. If a patient is hypoxaemic, assess to see if it is due to 
hypoventilation, atelectasis or airway secretions and treat accordingly, prior to using supplemental 
oxygen [489]. 

3. If supplemental oxygen is indicated, use judiciously and whenever possible monitor carbon 
dioxide levels [489]. Always avoid routine protocol oxygen administration in these patients. Limits 
or aims for desired SpO2 should be set by the treating clinicians if appropriate. 

4. Stay in post-operative surgical unit for constant monitoring by post-operative staff and NIV team 
until stabilisation, extubation and spontaneous ventilation can be achieved prior to transfer to ward 
[482]. Otherwise patient is transferred to ICU / HDU for further monitoring. 

5. Use manually assisted cough and mechanical in-exsufflation if peak cough flows are < 270 L/min 
[489]. 

6. Ensure adequate humidification of NIV post procedure, especially if the patient has a suppurative 
lung disease or if the anaesthetic-ventilation procedure is likely to cause a drying of the airways. 

7. Optimise pain control in patients. If sedation and/or hypoventilation occurs as a result, extubate 
onto NIV or delay endotracheal extubation for 24 to 48 hours if required [489]. 

8. Post-operative pain relief via epidural anaesthesia can reduce the rate of pulmonary complication 
in comparison to parenteral narcotics in patients at high risk [487]. 

9. Patients who are sensitive to sedatives or anaesthetic agents (e.g. neuromuscular disorders) [68, 
503], will be at risk of loss of spontaneous respiratory efforts. Post-operative NIV should be 
encouraged and patients closely monitored for an extended period to ensure that adequate 
spontaneous breathing has returned if it was present prior to the procedure. 
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RECOMMENDATIONS FOR NIV AND RELATED RESPIRATORY MANAGEMENT OF PATIENTS ON 
DOMICILIARY NIV UNDERGOING ANAESTHESIA OR SEDATION Grade 

Prior to undergoing anaesthesia or sedation, patients on domiciliary NIV should be 
assessed by a respiratory physician, anaesthetist and the patient’s NIV service. D 

Ensure that patients with chronic respiratory failure on domiciliary NIV receive adequate 
ventilatory support both during and post sedative procedures or surgical anaesthesia. 
This is to minimise the risks of the patient potentially developing acute on chronic 
respiratory failure or other respiratory complications. 

C 

Procedures should be performed at a tertiary hospital where staff have experience in 
NIV for acute and chronic hypoventilation and that there is access high level monitoring 
or an ICU. 

D 

A specialised NIV team should be present during and after the procedure to assist with 
predicting problems that may arise in the peri and post operative period for patients who 
are usually treated with domiciliary ventilation secondary to respiratory insufficiency. 

D 

A ventilator with the ability to set a back-up rate should be used for the procedure. D 

Routine administration of oxygen should be avoided.  D 

In patients with expiratory muscle weakness causing PCF < 270 L/min, manual and 
mechanical non-invasive secretion removal techniques are paramount in the post-
operative period 

C 
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CHAPTER 7     NOCTURNAL TO 
CONTINUOUS NIV USE 

 

DANIEL FLUNT 

 

7.1 BACKGROUND 
Although tracheostomy ventilation is critical in survival in patients with glottic dysfunction and 
respiratory failure, for those without glottic dysfunction requiring continuous ventilatory support, 
tracheostomy ventilation has several potential disadvantages that may be avoided by using NIV 
instead [504] (see Table 9). 

 

Table 9: Potential Disadvantages of Long-Term Tracheostomy [504, 505] 

Expense of procedure 

Higher risk of respiratory infection 

Formation of granulation tissue 

Airway stenosis / malacia 

Tracheoinnominate-artery fistula 

Tracheoesophageal fistula 

Impairs speech and swallowing 

Inability to stack breaths for cough augmentation 

May require skilled assistance for suctioning 

Increased carer burden 

Social issues around stoma and tracheostomy tube 

 

Relatively lightweight, portable ventilators and a wide variety of comfortable interfaces have become 
available, allowing for continuous NIV rather than tracheostomy ventilation in selected patients [504]. In 
neuromuscular disorders (and to a lesser degree in end stage lung diseases), ventilator dependency 
may be continuous when commencing NIV, or may increase with time, depending on the progression 
of disease aetiology [277]. Patients with a variety of neuromuscular diseases including quadriplegia 
due to high spinal cord lesions [115], post-poliomyelitis [506], SMA [458], DMD [408, 409, 507, 508], 
and other non-bulbar neuromuscular disorders [507] can be managed with continuous NIV instead of 
invasive tracheostomy ventilation [509]. 

Continuous NIV can be possible in carefully selected motivated individuals with intact upper airway 
function [3, 507, 509] who have access to centres with expertise in nocturnal and diurnal ventilation 
[504], and have access to adequate levels of carers who are skilled in NIV and assisted coughing 
techniques [3]. Centres delivering the training and support for continuous ventilation need to have 
significant expertise. They and the patients they manage need to be completely informed and 
conscious of the constraints and dangers involved in undertaking such an approach [277]. 
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To be successful with continuous NIV, the ventilator user must realise three goals [277, 509]: 

1. Optimise and maintain respiratory system compliance by frequent full insufflations delivered by 
breath stacking, using a resuscitation bag with a one way valve, volume ventilator or 
insufflating using adequate pressures with a mechanical in-exsufflator. 

2. Normal or adequate levels of alveolar ventilation are sustained using a variety of interfaces and 
approaches including nasal, oronasal, or mouthpiece interfaces which are alternated night and 
day. 

3. Patient must be taught and practice techniques to enhance their peak cough flows. This 
includes insufflation, manual cough assist techniques and mechanical in-exsufflation (see 
Chapter 4, Secretion Management). 

 

 

7.2 INDICATIONS FOR TRACHEOSTOMY VENTILATION OVER NIV 
As with nocturnal NIV for neuromuscular disease, there have been no randomised controlled trials of 
continuous ventilation [504] and there is no clear answer as to whether, and beyond what duration, a 
totally ventilator-dependent patient is better or more safely ventilated with NIV or tracheostomy [277]. 
The final decision to continue to use NIV or to convert to tracheostomy is therefore highly dependent 
on the philosophy, preferences and capabilities of the clinical team, the patient and the patient’s family 
and resources available [277]. However, in some circumstances it can be clear when invasive 
ventilation is indicated over NIV [504] (see Table 10).  

 

Table 10: Indications for Tracheostomy in Neuromuscular Disease [504] 

Substantial glottic dysfunction 

Increased risk of aspiration 

Inability to clear secretions, despite cough augmentation 

Inability to generate adequate cough flow, despite aggressive cough assistance 

Recurrent pneumonia on full-time NIV with adequate cough assist 

Substantially elevated PaCO2, despite optimal full-time NIV 

Patient preference 

Lack of experienced health-care providers in continuous NIV 

 

 

7.3 RELATIVE CONTRAINDICATIONS TO CONTINUOUS DOMICILIARY VENTILATION 
At other times clinical decision making regarding the choice of using continuous domiciliary ventilation 
can be guided by the following relative contraindications: 

i) FiO2 > 0.4 [510] or where it is impractical to deliver required FiO2 

ii) Patients choice not to opt for continuous NIV [510] 

iii) Inadequate resources for home care including [510] 

- personnel 

- financial 

iv) Inadequate respite for care givers [510] 

v) Inadequate numbers of competent caregivers. A minimum of two competent caregivers are 
required [510]. 
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7.4 PROGRESSION OF NIV FROM NOCTURNAL TO CONTINUOUS VENTILATORY SUPPORT  
Patients with progressive neuromuscular disease usually require gradual increases in inspiratory 
pressure and longer periods of assisted ventilation per 24 hour (until continuously) to avoid the 
sequelae of hypoventilation, including excessive increases in PaCO2 and worsening of symptoms such 
as dyspnoea [20, 511]. The actual extension from nocturnal to daytime use is empirically driven [511]. 
What constitutes the definition of continuous ventilatory support remains arbitrary and is generally 
based on what clinicians feel is a safe margin. Various types of mechanical ventilation (including NIV) 
have been reported to be naturally extended to 18 ± 2 hours and 24 hours in patients with VC ≤400mL 
[512] and VC < 300mL [507], respectively. For this document, the working party classifies a ventilator 
dependent patient as one who requires ventilation for ≥ 18 hours in a 24 hour period or is unable to 
sustain independent, spontaneous ventilation for > 4 hours [402, 510].  

 

 

7.5 OUTCOME OF PATIENTS ON CONTINUOUS NIV 
There is little information on the outcome of 24 hour NIV [511]. In one of the larger observational 
studies, out of 257 patients with chronic respiratory failure (predominantly with neuromuscular 
disorders), 144 required 20 to 24 hour of ventilatory support daily and 67 were successfully switched 
from tracheostomy ventilation to NIV, predominantly through the assistance of mouthpiece ventilation. 
It was concluded that the addition of mouthpiece NIV prolonged survival and enhanced convenience 
and communication in these patients. Other studies have also reported prolonged survival in DMD 
patients with combination of daytime mouthpiece and nocturnal nasal NIV [409, 508] with one study 
demonstrating stabilisation in vital capacity over 5 years [409]. While mouthpiece ventilation can be 
very successful in providing daytime ventilation, the challenge of breathing via the mouthpiece and 
eating can be too difficult for some patients, resulting in the need for the placement of an enteral 
feeding tube [513]. 

 

 

7.6 TYPE OF VENTILATOR FOR CONTINUOUS NIV 
For continuous ventilatory support more sophisticated volume-limited ventilators are recommended 
[402] and the currently available volume-limited ventilators are well suited for patients in need of 
continuous ventilatory support [20]. This is in contrast to the pressure preset bilevel devices which 
generally have limited pressure-generating capabilities (20 to 35 depending on the ventilator) and most 
lack sophisticated alarms or battery back-up systems [20]. Also these bilevel pressure machines may 
not have manufacturer or regulatory approval for use in continuous ventilatory support (invasive or 
non-invasive) or for “life support” scenarios. Therefore, they are not currently recommended for 
patients who require high inflation pressures, or are dependent on continuous mechanical ventilation 
unless appropriate alarms, monitoring systems and suitable external batteries can be added [20]. 
Newer generations of bi-level ventilators which contain batteries, may only be able to provide 
autonomy from a mains power source for a relatively short period of time [277]. This would limit 
security and mobility of neuromuscular patients with ventilator dependence and then shift the 
preference to the volume ventilator [277].  

A hybrid ventilator is one which is able to provide both volume and pressure pre-set modes of 
ventilation. The volume mode can be used during the day when standard bi-level pressure therapy is 
unable to maintain adequate gas exchange or mouthpiece ventilation is used. The pressure preset 
mode is utilised when the patient is unable to tolerate volume ventilation when asleep. 

  

 

7.7 QUALITY CONTROL 
Risk minimisation for patients dependent on domiciliary ventilation 

To improve safety in domiciliary ventilator users, they should be provided with telephone access to a 
team member, hospital ward, hospital service, or equipment provider that they can contact at all times 
in case of an emergency [514]. It is important for the patient who is dependent on ventilation to clearly 
understand the demarcation of who is responsible for their medical care and who is responsible for 



CHAPTER 7: Nocturnal to Continuous NIV Use 
 

128 

their ventilator equipment provision. Clear individual action plans for medical deterioration or ventilator 
malfunction (including contact details) should be provided for the patient and their carers [514]. 

It has been recommended by American adult [402] and paediatric [515] consensus statements that the 
medical equipment company should have a 24 hour emergency support service for ventilator 
dependent patients. Such arrangements should be contractually agreed upon by the consumer and the 
company providing the ventilators. It is inappropriate to transfer follow up of mechanical issues to a GP 
or local team with no experience in ventilatory support [514]. 

The lack of a centralised database can make it difficult to assess the extent of ventilator related 
complications in the home or community and even when equipment failure is recorded the 
consequences of the malfunction for the patient are not clear or always acted upon accordingly [514]. 

 

Quality control of domiciliary ventilators 

A multicentre quality control study examined the performance of domiciliary ventilators in 300 patients 
in Barcelona [516]. In this study 4.3% required tracheostomy ventilation and 1.3% were 24 hour 
ventilator dependent. Ventilator care was provided by four different homecare companies. Discrepancy 
between the prescribed and actual measured main ventilator variable (minute ventilation or inspiratory 
pressure) of more than 20% and 30% was 13 and 4% respectively. In addition to this, built in alarms for 
power off, disconnection or obstruction did not work (where installed) in 0.9%, 18.6% and 5.1% of 
machines respectively. This highlights the limitations of quality control of home mechanical ventilation 
and that a system should be put in place to ensure accurate ventilator settings, correct ventilator 
performance and alarm operation. Another quality control European survey which involved 326 centres 
(access to >20,000 patients on home ventilation) also showed that quality control procedures vary 
considerably among the different providers [517]. 

 

Frequency of causes and outcomes of ventilator failure 

A U.S. study surveyed the frequency, causes and outcomes of home ventilator failure in 106 adults 
and 44 paediatric patients which equated to 841, 234 ventilator hours in one year [518]. Tracheostomy 
ventilation was provided in 76% of cases and 46% required 24 hour continuous ventilatory support. In 
total, 189 reports of home ventilator failures were found in 39% of these reports, which is equivalent to 
one home ventilator failure for every 1.25 years of continuous use. Other causes of ventilator failure 
included: improper care, damage, or tampering with the ventilator by caregivers (13%); functional 
equipment being improperly used by caregivers (30%) and equipment functional but patient’s condition 
had altered (3%). This highlights that in addition to routine equipment maintenance and quality control, 
continued caregiver training and support should be provided especially in the areas of ventilator 
function, back-up battery systems, back-up ventilator function and ability to action skills for 
emergencies. 

A recent U.K. study analysed all calls placed to a dedicated respiratory support telephone hotline over 
6 months for 1211 adult and paediatric patients with neuromuscular disease, COPD or chest wall 
disease receiving home ventilation [519]. In contrast to the U.S. study above, the predominant method 
of providing domiciliary ventilation was non-invasive with 99% patients using NIV and only 12 patients 
requiring ventilation via a tracheostomy. In total, 188 home visits for “ventilator malfunction” were 
required. From 25 home visits which no mechanical fault was identified, 13 patients were unwell or 
required hospitalisation. This study highlights that in ventilator users, (especially where there is 
predominance in NIV), that early clinical evaluation should take place where no fault can be found 
during an equipment check, as patients may have mistaken clinical deterioration for an equipment 
problem [519]. 
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Key points: 

• Continuous NIV can be a suitable option over tracheostomy ventilation in selected patients with 
ventilatory dependency, assuming they have adequate glottic function and sufficient peak cough 
flows with assisted coughing techniques. 

• When continuous NIV can be used, it can potentially avoid the complications associated with 
tracheostomy including trauma to the airway, impairing speech and swallowing, higher risk of 
infection and increased carer burden. 

• With continuous NIV, a range of interfaces are required to alternate between night and day use 
(including mouthpiece ventilation) and, insufflation techniques and assisted coughing techniques 
must be taught to caregivers. 

• Continuous NIV should only be commenced and followed by centres with expertise in nocturnal 
and diurnal ventilation. 

• Based on consensus, a ventilator dependent patient for this document is defined as one who 
requires ventilation for ≥ 18 hours in a 24 hour period or is unable to sustain independent, 
spontaneous ventilation for > 4 hours. 

• In observational studies, continuous NIV, with the assistance of mouthpiece increases survival in 
neuromuscular disorders. 

• Volume ventilators or hybrid ventilators which are manufactured and approved for “life support” are 
recommended for ventilator dependent patients. These generally have more sophisticated alarms 
and battery systems. 

• A centralised programme to ensure monitoring quality control of domiciliary ventilation should be 
put in place. 

• Continued caregiver training and support should be provided especially in the areas of ventilator 
function, back-up battery systems, back-up ventilator function and ability to action skills for 
emergencies. 

• If patients report ventilator malfunction and no mechanical fault is identified, early clinical 
evaluation should take place, as patients may have mistaken clinical deterioration for an equipment 
problem. 

 

 

 

7.8 REQUIREMENTS FOR EQUIPMENT, HOME ENVIRONMENT & CARE-GIVER COMPETENCY & 
SUPPORT FOR PATIENTS REQUIRING CONTINUOUS NIV SUPPORT 

 

Most non-invasive devices are not manufactured for life support and careful consideration of device 
specifications is required for patients requiring continuous ventilatory support. The following 
requirements are targeted towards maximising safety for ventilator dependent patients using 
continuous domiciliary NIV. 

The majority of requirements presented in this section are based on formal consensus and expert 
opinion. 
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7.8.1 REQUIREMENTS FOR EQUIPMENT (CONTINUOUS NIV) 
  

Ventilator 

1. Choice should be based on patient’s clinical need [510]. 

2. Equipment shall comply with the Therapeutic Goods Act and have a valid Australian Register of 
Therapeutic Goods (ARTG) number. 

3. Ventilators must be dependable, and easy for the caregiver to operate [510]. 

4. The ventilator system chosen should allow mobility and able to operate when a patient is mobile 
and at different levels of incline (e.g. able to transported on the patient’s wheelchair) [510]. 

5. Desirable for ventilators to be of a small size and lightweight [510]. 

6. Hybrid ventilators (volume and pressure pre-set) can be used when standard bi-level therapy is 
unable to maintain adequate gas exchange during the day and the patient is unable to tolerate 
volume ventilation when asleep. 

 
Back-up ventilator 

1. A second ventilator should be provided for:  

i) Patients who cannot maintain spontaneous ventilation for 4 or more consecutive hours [402, 
510]. 

ii) Patients who require NIV for ≥ 18 hours per 24 hours. 

iii) Patients who are geographically isolated where more than 16 hours/day ventilatory support is 
required and where a replacement ventilator cannot be provided within 4 hours. 

iv) Patients who require ventilation during mobility as prescribed in their care plan [510]. 

2. The second (back-up ventilator) should be same as the patient’s primary ventilator to ensure that 
the patient and carers are familiar in its use. 

 

Power source 

An adequate and consistent power source must be available to operate the ventilator [402, 510]. 

i) Mains power is the primary power source for most ventilators. 

ii) The ventilator must be able to run on a minimum of two independent battery sources (one source 
may be an internal battery). 

iii) The internal battery should only be used for short-term use and should not be used as a primary 
source of power. 

iv) External batteries providing direct current may be used to allow mobility and as an emergency 
power source. 

v) Ventilators with in-line battery backup are preferred. 

vi) External batteries need to always be appropriately charged and patients /carers need to know how 
to attach them to a ventilator and charge them. 

vii) Charge indicators for internal and external batteries should be available where possible. 

viii) A power generator may be recommended if frequent power outages occur or if the home is in a 
remote location. 

ix) 12 Volt adapter for use with car power jacks. 

x) External batteries and power generators must be rated to provide sufficient total energy 
requirements to run all emergency equipment. This includes emergency lighting, the ventilator, 
suction machine or mechanical cough in-exsufflator. 
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xi) Patient’s electricity company is informed that they are classed as a priority in case of emergency, 
such as a power cut. 

 

Alarms  

1. A patient-disconnect (e.g. low pressure or low-exhaled volume [in dual limb circuits]) and power 
failure alarm are essential [402]. 

2. A patient-disconnect and power failure alarm should be used at all times [402]. 

3. If patient disconnection is likely to produce a serious adverse effect, a remote alarm and a 
secondary alarm may be indicated [510]. 

4. High pressure alarm should be available [510]. 

5. Audible alarms must be loud enough to be heard by caregivers in all areas of the home [510]. 

 

Circuits and interfaces 

1. Three circuits and a minimum of two NIV interfaces which are compatible to both ventilators 
should be available.  

2. Worn or damaged circuits or masks need to be replaced in a timely manner.  

3. Patients should have contact details of their mask and circuit distributors. They should also have a 
written list of all of the required parts and their respective ordering numbers. 

 

Humidification 

1. Continuous NIV can cause drying of the patients airways, especially in the presence of leaks or 
when it is used in a dry climate. Heated humidification is indicated in these scenarios [510]. 

 

Service and Maintenance of Ventilators 

1. Regular service and planned preventative maintenance should be provided at the frequency 
recommended under the manufacturer guidelines [510]. This should be documented. Patients 
should have access to an emergency contact line to report problems [514]. 

2. A contractual service and maintenance agreement is in place from the equipment supplier. 

3. The service supplier has provided contact details that are known to the patient or carer and a 24 
hour emergency contact number is clearly displayed for accessing repairs, maintenance and or 
replacement device with a safe turnaround time for response, including weekends. If the patient’s 
primary ventilator fails, the backup ventilator should be used and the service supplier should 
provide a replacement ventilator for the primary ventilator as soon as possible and within 24 
hours. 

4. If equipment is to be removed for repair, maintenance or testing, an equivalent loan unit will be 
available to the patient 

 

Devices for communication 

1. The patient must have adequate means of communicating their needs/desires and have the 
means to summon help from their caregivers in the case of emergency. Where a patient has 
sufficient ability to activate a switch to attract carer attention, this should be implemented. Many 
light touch, mechanical, air or sensor switches are available and the most appropriate should be 
connected to a call system [510].  

2. The system should be reliable and allow the patient to communicate regularly and at will [402]. 
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Self-inflating resuscitation bag 

Self-inflating resuscitation bag and a non-vented mask of an appropriate size should be issued. Bag 
ventilation is to be used in the absence of a functioning ventilator or for resuscitation purposes. If 
oxygen is usually prescribed for the patient, an oxygen side-port should be supplied with the 
resuscitation bag [510]. 

 

 

7.8.2 REQUIREMENTS FOR HOME ENVIRONMENT (CONTINUOUS NIV) 
 

1. The patient and their caregivers must have functioning phone lines so that they can be contacted 
by clinicians in the case of emergency [510]. 

2. Home environment must also have safe electrical, plumbing and heating / cooling systems [515]. 

 

 

7.8.3 REQUIREMENTS FOR CAREGIVER COMPETENCY AND SUPPORT (CONTINUOUS NIV) 
 

Competency and monitoring 

1. All caregivers must display competency in equipment, set-up use and checking, and how to 
respond during power failures, equipment failures and acute life threatening events [510]. 

2. Ventilator settings, proper function of equipment, and the patient’s physical condition should be 
verified with each initiation of ventilation, changing from one ventilator to another, after moving the 
patient, or changing the ventilator settings [510]. 

3. Carers and patients trained to recognise early signs of chest infection or ventilatory 
decompensation [514]. Care givers should demonstrate understanding and competency in patient’s 
physical condition including [510]: 

i) respiratory rate 

ii) chest excursion (amplitude and synchrony with machine delivered breaths) 

iii) colour changes 

iv) diaphoresis and lethargy 

v) body temperature 

vi) heart rate 

vii) blood pressure (if available) 

4. Care givers should demonstrate understanding and competency in ventilator settings and 
maintenance including [510]: 

i) Peak pressures 

ii) Pre-set tidal volume or pressure control 

iii) Frequency of ventilator delivered breaths 

iv) Verification of entrained oxygen setting or FiO2, if applicable 

v) PEEP level (if applicable) 

vi) Humidification 

vii) Appropriate configuration of ventilator circuit 

viii) Alarm function 

ix) Battery power levels (internal and external) and how to attach external batteries. 

x) Condition and assembly of non-invasive ventilation interfaces 
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5. Care givers need to demonstrate how to use self-inflating manual resuscitation bag effectively and 
safely. If a one-way valve is to be used with a manual resuscitation bag for manual insufflation then 
the carers need to be strictly reminded that it needs to be removed when it is to be used during 
times of ventilator failure or resuscitation. 

 

Support 

1. Clinical and technical support should be available 24 hours a day. Users must be provided with 
relevant and up-to-date phone numbers. 

2. Written plan of action for predictable problems such as power cuts, chest infection, and equipment 
failure. 

 

 

RECOMMENDATIONS FOR NOCTURNAL TO CONTINUOUS NIV USE  Grade 

While continuous NIV is a therapy option for ventilator dependent patients, such therapy 
needs to be set up and supervised by centres with expertise in nocturnal and 
continuous ventilatory support modes, cough assist techniques and tracheostomy care. 

D 
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CHAPTER 8     TRANSITION FROM PAEDIATRIC TO 
ADULT CARE 

 

DANIEL FLUNT 

 

 

8.1 TRANSITION FROM PAEDIATRIC TO ADULT CARE 
Due to advances in care, including non-invasive ventilation and secretion removal techniques, 
technology-assisted children with neuromuscular disease now routinely live beyond the second decade 
of life [520]. In one ventilator assisted children’s home programme in the United States, there has been 
a 360% increase in the number of ventilator-assisted adolescents who reached or were soon to reach 
adulthood in the years 2001-2006 compared to the period 1991-1996 [521]. Of this group, 50% require 
ventilation for disorders that cause neuromuscular weakness. Other diagnostic groups, including CCHS 
[522], are also surviving later into adulthood with successful use of mechanical ventilation. 

As a child becomes an adult they outgrow the expertise of paediatric health services and need to find 
an adult health provider that is suitable and appropriate for them. A consensus statement [523] reports 
that the “goal of transition in health care for young adults with special health care needs is to maximise 
lifelong functioning and potential through the provision of high-quality, developmentally appropriate 
heath care services that continue uninterrupted as the individual moves from adolescence to 
adulthood”. The main challenge that young people face when they move from a paediatric to an adult 
service is the need to improve their independence with regard to knowledge of their medical condition, 
making and keeping their own appointments and moving away from a family focused environment. As 
this is a learning process, it requires a well designed transition programme and time to ensure this 
occurs in a positive and successful manner. 

In Australia, there are a few identifiable transition programmes [524] and currently there is little 
evidence on which to base the best transition practice [525], although consensus statements have 
been formulated [523, 526]. A recent study identified the five most prevalent clinical groups requiring 
adult specialist healthcare in NSW [524]. Whilst the neuromuscular group identified between 2-4 
adolescents per annum having DMD and other muscular dystrophies requiring transition to adult care, 
the report did not highlight the number of paediatric patients on ventilation (invasive or NIV) requiring 
transition. Currently there is no published data about the number of young people undergoing transition 
from paediatric to adult domiciliary NIV services in the Australian literature. 

The transition for young adults on NIV is a staged process which requires close collaboration between 
paediatric and adult specialist care teams. The choice of primary adult physician and respiratory 
support service for adolescents and young adults on respiratory support will depend on the underlying 
diagnosis of the young person, the locality of services and the wishes of the patient. The timing of 
transition can be especially difficult in adolescents with a progressive disorder who are nearing the 
terminal stages of their disease [527]. Standards of care for the transition from paediatric to adult 
health care [528] which have been adapted for NIV have been listed in Table 11. 
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Table 11: Transition from paediatric to adult health care: best practice standards – NIV  

(Adapted and modified from [528]) 

 

Standard 1 Transition is a process that requires close collaboration between paediatric and 
adult specialist care teams. 

 
Standard 2 The process of transition should begin around the time of secondary school entry 

(age 12) and finish around school leaving time (18 years). 

 
Standard 3 

 

The transition process should engage young people and their family in a proactive 
and positive way. 

 
Standard 4 Depending on the young person’s abilities, they should be encouraged to learn 

how to maintain their ventilator equipment and mask, know how their equipment is 
put together and how it works, and become independent with ventilator application 
prior to transition to adult services. This should be promoted from an early age. 

 
Standard 5 Paediatric and adult specialist teams should ideally develop a joint transition plan 

and meet to discuss individuals in transition prior to transfer to adult health 
services. 

 
Standard 6 A Transition Case Manager should be designated. Opportunity should be provided 

for the young person and their family to meet the adult team prior to transfer. 

 
Standard 7 Discussions about potential differences in ventilator equipment provision between 

paediatric and adult services should commence 24 months prior to the transition 
(16 years). Carers and patients need to be aware of eligibility criteria for equipment 
provision from the appropriate governmental bodies (e.g. EnableNSW and 
Centrelink). The Transition Case Manager can assist with this aspect. 

 
Standard 8 A comprehensive summary of medical and social issues should be available to the 

adult team well in advance of transfer. Young people and their families should 
have copies of all relevant documents. 

 
Standard 9 Young people with chronic complex conditions that might require life threatening 

emergency management should be flagged on adult health service emergency 
department databases. 

 
Standard 10 Adult health services should provide youth friendly resources and ensure that staff 

members are educated in the management of young people with chronic health 
problems. Family focused care should be promoted. 

 
Standard 11 The impact of alcohol, illicit drugs and other medications on hypoventilation needs 

to be appropriately introduced by the paediatric teams and reinforced by the adult 
specialist care teams. 
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The method of provision of ventilator equipment, consumables, home monitoring equipment and home 
care, in the paediatric setting can vary widely in NSW. The patient and carer should not assume that 
this level of equipment provision and assistance will be given once they are transitioned into adult 
services. Health care providers need to discuss these potential issues with the carers and the patient 
at least 24 months prior to transition, or approximately at 16 years of age. This is so that the young 
adult and their carers can commence discussions with relevant government bodies (EnableNSW and 
Centrelink) such that they can become aware of eligibility requirements and the implications this will 
have on future provision of equipment. This should be done in an environment which fosters 
independence in the adolescents, and aspirations of achieving paid employment should not be 
discouraged for the sake of meeting financial eligibility for obtaining expensive life-sustaining 
equipment.  

For more resources regarding transition from paediatric to adult services in NSW, we refer the reader 
to the following website:  

 

http://www.health.nsw.gov.au/ACI/transition/index.asp 

 

Key points: 

• Due to advances in care, including non-invasive ventilation and non-invasive secretion removal 
techniques, more patients on mechanical ventilation are surviving childhood, requiring adult 
ventilation services. 

• Programmes need to be implemented for young people on ventilation to ensure a smooth transition 
of care and equipment. 

• A Transition Case Manager should be appointed to ensure adequate standards are maintained 
during the transition. 

• Appropriate adult services should be identified locally that are appropriate for adolescents with 
complex health needs. 

• Funding should be maintained through the transition process. 

 

 

 

RECOMMENDATIONS FOR TRANSITION FROM PAEDIATRIC TO ADULT CARE Grade 

A Transition Programme needs to be implemented for young people on ventilation to 
ensure a smooth transition of care and equipment. D 

A Transition Case Manager should be appointed to ensure adequate standards are 
maintained during the transition. D 
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CHAPTER 9     PALLIATIVE CARE & END-OF-LIFE  
ISSUES FOR PATIENTS ON 

DOMICILIARY NIV 
 

DANIEL FLUNT 

 

9.1 BACKGROUND 
Palliative care “seeks to prevent, relieve, reduce or soothe the symptoms of disease or disorder without 
effecting a cure” [529]. Using this description, palliative care is not restricted to patients who are dying 
or in hospice programmes, and suits the description of the use of NIV in certain disorders, such as 
rapidly progressive neuromuscular disorders and during advanced stages of other diseases where the 
focus is shifted from improving survival or quality of life to only being used when it is able to enhance 
physical, emotional or social comfort for the patient [29, 530, 531]. 

Respiratory failure is a common terminal event in many conditions including COPD, interstitial lung 
disease and neuromuscular disorders involving the respiratory muscles. Despite this, palliative and 
end-of life care services for these disorders are less well developed and are often ad hoc or 
fragmented compared to palliative care programmes for those with malignant disease [530, 532]. Using 
cancer palliative care models (which generally follow a more predictable time course) to predict the 
need for palliative care in non-malignant disease can be unhelpful. This is because non-malignant 
diseases of respiratory failure usually remain at a slowly deteriorating level of function until an 
unpredictable acute exacerbation may suddenly worsen their prognosis [530]. An exception to this may 
be MND, a rapidly progressive neuromuscular disorder where outcome is more predictable [530], and 
in this diagnostic group, disease specific recommendations have been made [29, 146, 533]. 
Irrespective of the disease process, a better outcome can be achieved in these patients by placing 
focus on symptom relief, patient education and by early and timely discussions involving clinicians, 
patients and their families to address present and future decision making [29, 530]. 

In examining patient attitudes to physician skills in providing end of life care, COPD patients had a 
strong desire for more information, specifically on the course of the disease, treatment options and how 
these treatment option work and their limitations [534]. There was also a need to discuss what dying 
might be like. Other authors have described that the components of a good death include: pain and 
symptom management; clear decision making; preparation for death; a sense of completion; 
contributing to others; and affirmation of the whole person [535]. In addition to patients with lung 
disease, respiratory physicians often need to advise on the end stage management of respiratory 
complications of neuromuscular disease with respiratory weakness [530].  

Palliative and end-of-life care of patients with terminal cardiopulmonary disease [531] and 
neuromuscular disease [29, 146] requires a multidisciplinary approach including, respiratory 
physicians, consultants and services in palliative care, domiciliary non-invasive ventilation service, 
neurologists, cardiologists, nurses, speech pathologists physiotherapists, occupational therapists, 
dietitians, social workers and chaplains. 

 

 

9.2 COMMENCING PALLIATIVE CARE AND END-OF-LIFE DISCUSSIONS 
A “bad death” has been defined by Quill [536] as a medical emergency. On the other hand a “good 
death”, has been described as “one that is free from avoidable distress and suffering for patients, 
families and caregivers; in general accord with patient’s and families wishes; and reasonably consistent 

with clinical, cultural and ethical standards” [529]. In order for a “good death” to occur strong 
communication needs to be established between the patient, and their clinicians and carers to ensure 
that their goals and preferences for end-of life care are acknowledged and carefully planned for [29, 
537].
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Despite the importance of commencing such discussions, failure of physicians to initiate end-of-life 
discussions has been identified as a significant barrier to determining patient preferences for end-of life 
care [538]. One major reason is that clinicians find it difficult to commence such sensitive discussions 
with their patients and find it a source of stress [539]. Despite this it is important for the physician to 
discuss disease progression in the context of NIV and other forms of ventilation in a realistic, balanced 
and honest manner, while trying to avoid crushing all hope in relation to prognosis [29]. Physicians 
should also discuss symptom management and how it is going to affect the rest of their patient’s life, 
rather than a completely focussing on how they might die [530].  

Successful palliative and end-of-life care for patients with cardiopulmonary disease require the 
physician, palliative care and multi-disciplinary team to coordinate and maintain the following [531]: 

 

Support for patient and family  

• Advance care planning  

• Maintaining and supporting the patient’s dignity, including cultural and spiritual needs 

• Support for the family, including familiarity and confidence with equipment and medication regimes, 
and bereavement services 

 

Care of the patient 

• Relief of distressing symptoms, particularly appropriate management of pain, breathlessness or 
pulmonary secretions 

• Management of the dying process, including withdrawal of life sustaining treatment. Ideally these 
issues would have been previously raised, discussed and documented in an up-to-date advance 
care directive in the presence of the patient’s physician and next-of kin who are likely to be their 
surrogate decision maker.  

• Preferences and limits for cardiopulmonary resuscitation, surgery, non-invasive ventilation, 
progression to invasive mechanical ventilation, dialysis and other life-prolonging measures can be 
made known. 

• Referral to appropriate hospital and community resources 

• Quality palliative and end-of-life care in all treatment settings, including institution and home 

 

Commencing palliative care and end-of-life discussions - How? 

End of life decision making will only occur if opportunities for such discussions exist [540]. A protocol 
for establishing a framework to discussing patient preferences for withholding and/or withdrawing life 
support may assist providing an environment which may assist with the commencement of such 
discussions [531]. This includes:  

i) Being familiar with national and local policies, and legal statutes concerning the withdrawal of life 
support measures [531].  

ii) Having an appropriate setting within which to initiate the discussion [531]. Patients may prefer to 
have family member to be present especially if they are told and expect to ask questions [541]. 

iii) Asking the patient (and family) what they understand about the disease and its course [531].  

iv) Having a general informational discussion about the goals of care [531].  

v) Establishing the context for the discussion, i.e., death is inevitable at some point [531].  

vi) Discussing specific preferences for various treatment options, e.g., surgery, mechanical ventilation 
[531]. 

vii) Responding sympathetically to emotions which come as a result of the discussion [531]. 

viii) The clinician and the patient are aware that they will establish a plan together, and that it will be 
implemented [531]. 

ix) Making it clear that their plan may change as circumstances dictate, and thus should be reviewed 
periodically [531]. 



CHAPTER 9:  Palliative Care and End-of-Life Issues for Patients on Domiciliary NIV 
 

139 

Once the above framework has been established, more specific discussions about how NIV or invasive 
ventilation can be used or ceased in the context of disease progression or end-of life care can be 
commenced. Most importantly patient preferences and goals need to be elicited, the rationale for NIV 
needs to be communicated, parameters for NIV success and failure needs to be outlined, and the 
corresponding appropriate settings for NIV use need to be defined [537]. Essential topics of discussion 
to assist with planning include [146]: 

i) Diagnosis and prognosis in the context of NIV [146]. Where relevant, it is important to highlight 
that respiratory failure is not necessarily the terminal event in patients with some forms of 
neuromuscular disease and that domiciliary ventilation can improve both survival and quality of life 
[530]. 

ii) Symptom development [146]. 

iii) Explore/discuss issues regarding use of NIV for symptom management, life prolongation and 
quality of life [146]. 

iv) If the patient elects NIV, consider appropriate timing of commencement, i.e. based on symptoms 
or investigation results [146]. 

v) Treatment options and desire for palliation or life prolongation with nutritional support [146]. 

vi) Encourage discussion and documentation of advanced directives [146]: 

a. resuscitation status 

b. treatment end points for NIV ( e.g. unacceptable quality of life or when unable to communicate 
by any means) 

c. use of antibiotics for chest infection 

d. attitude towards intubation / tracheostomy ventilation 

vii) Patient and carers should feel supported all the way and contacts of local support groups should 
be given to patients [29, 146]. 

viii) Explain palliative care services and the rationale for appropriate timing of referral. Patients can be 
referred to palliative care before reaching the advanced stages of their disease [29, 146]. This is 
to ensure adequate planning, linking to services and for the patient and the palliative care 
clinicians to become familiar with each other and what they have to offer. 

ix) End-of life planning also explores issues relating to death including preferred place of death [146]. 

 

In addition to dedicated appointments with physicians, pulmonary rehabilitation sessions as well as 
outpatient appointments can provide opportunities for education and the outcomes of these 
discussions can be recorded in medical notes [530]. Ideally any outcome of discussions should be 
summarised, kept up to date and placed in an accessible place so that it can be easily and quickly 
retrieved when required. 

 

Commencing palliative care and end-of-life discussions - When? 

While it is the physicians role to initiate discussion about future care directives, the ideal timing of such 
difficult conversations is unclear [146]. Discussing sensitive end-of-life care issues too soon to 
diagnosis can cause unnecessary distress and hopelessness and discussion of these issues too late 
can lead to poor planning and unwanted or inappropriate end-of-life management [29]. Even in a 
rapidly progressive neuromuscular disease like MND, clinically significant respiratory problems are not 
common within a year of baseline diagnosis [542]. Therefore, in this scenario such discussions could 
be delayed for 6 to 12 months after diagnosis [146], so long as initial clinical presentation does not 
involve significant respiratory or bulbar symptoms. In other, more stable conditions, such conversations 
could be brought up once the patient has established good rapport with their clinicians, at a time which 
is relevant to their current state of their disease and its likely progression. At other times, the patient or 
their family may independently raise concerns about the course of the disease and implications of 
management in weeks or months after diagnosis [29]. In disorders which have been diagnosed from an 
early age, issues with regards to ventilation may have not been brought up for some time. Planning 
and discussions should occur at the physician’s discretion but ideally before significant respiratory 
decline or predicted respiratory crisis point [27].  
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A survey of UK physicians showed that >80% always or nearly always discuss NIV therapy with DMD 
patients and families [543]. However, in depth discussions usually only occurred at the point at which 
clinical signs or symptoms developed. It has been recommended that in diseases which have more 
predictable time courses such discussions should be commenced much earlier [27]. It is important to 
note that while these discussions should occur prior to significant respiratory decline in the patient, 
treatment options and decisions can change throughout the disease course and opportunities should 
be made to acknowledge these changes [146]. 

 

Key points: 

• NIV can be used in the palliative care / end-of-life scenario when it is able to enhance physical, 
emotional or social comfort of the patient, without effecting a cure. 

• Despite respiratory failure being a terminal event in many patients with chronic respiratory failure, 
palliative and end-of-life services are generally less well developed and structured in comparison to 
programmes for those with malignant disease. 

• Respiratory physicians are frequently consulted for end stage management of respiratory 
complications in patients with lung disease and neuromuscular disorders. 

• Palliative and end-of-life care requires a multi-disciplinary approach. 

• An appropriate environment should be set up to discuss advanced care planning, which is 
appropriately and humanely timed, but ideally well in advance of a respiratory crisis point. 

• Specific discussions of how and under what circumstances is NIV to be used as the patient’s 
disease progresses should be documented. Directives about invasive ventilation (including long 
term tracheostomy) and resuscitation orders should also be discussed. 

• The patients advanced care plan may change as their symptoms or circumstances change. 
Opportunities should arise for patients to voice these changes. 

 

 

9.3 WHEN TO STOP NIV 
While many patients remain stable for many years while receiving domiciliary NIV, increasing muscle 
weakness or lung disease progression can mean that the patient’s reliance on NIV can increase in 
terms of the hours of usage and the level of support required [27]. In certain circumstances, continuous 
NIV can be achieved in stable respiratory failure where there is adequate rotation of effective interfaces 
to prevent skin breakdown and the absence of significant bulbar weakness [509]. In cases where 
continuous NIV cannot be tolerated such as in patients with significant bulbar weakness, where arterial 
blood gases can no longer be controlled or if interface difficulties arise, a transfer to invasive ventilation 
via tracheostomy needs to be considered if ventilation is to be continued [27]. Invasive ventilation by 
tracheostomy can be accepted by some patients and carers and the concept of a tracheostomy can be 
discussed [29]. While tracheostomy can enhance survival, it can do so at the expense of reductions in 
quality of life, swallow and speech impairment, bronchospasm, tracheomalacia, haemorrhage, and 
socioeconomic problems including lack of long-term residential facilities equipped to manage 
tracheostomised patients, carer burden, potential to progress to a “locked in state” and high economic 
costs [146]. The progression to a tracheostomy for continued ventilation should therefore be discussed 
on an individual basis. In particular, in some disorders such as MND, few patients would elect to have 
tracheostomy ventilation when their disease progressed to the point that NIV was no longer effective 
and in Australia and the UK, tracheostomy is rarely an option for these patients [146]. Unplanned or 
unwanted tracheostomy can be avoided by discussions early in the course and through advance 
directives [29]. Either way, if the patient remains on NIV or decides to have tracheostomy ventilation, 
the patient and their carers must agree under the specific circumstances under which ventilatory 
support should be discontinued [29]. Particularly, all involved need to be clear whether NIV will be the 
ceiling of treatment or if intubation and conventional ventilation are indicated should NIV fail [530]. 

It can be a difficult decision to ascertain the optimal time to cease NIV. The continuation or 
discontinuation of NIV in acute respiratory failure has been described in one model over three 
categories: life support without preset limits; life support with preset limits (do not intubate); and comfort 
measures only [537]. To assist with the placement of the patient into a certain category, both the 
patient and clinician need to be aware of the specific goals of care which are relevant at particular 
stages of their disease. In patients with chronic respiratory failure, these particular goals should be 
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discussed in depth with the patient and documented to reflect the patient’s wishes for different 
scenarios. Ideally this should occur before a point of respiratory crisis. Putting the goals of care in 
context can practically assist with how NIV is to be used as their disease progresses or when they are 
faced with a potential terminal event (see Table 12 for the overview of the three-category approach to 
using NIV for acute respiratory failure). It is important to acknowledge that individual patients may 
transition from one category to another as the goals of care or the risks and benefits of NIV change 
[537]. 

 

Table 12: Overview of the three-category approach to using non-invasive positive pressure 
ventilation (NIV) for acute respiratory failure (From [537]). 

 

Approach CATEGORY 1 CATEGORY 2 CATEGORY 3 

 
Definition 

 
Life Support Without 
Preset Limits 

 
Life Support With 
Preset Limit  
(Do Not Intubate) 

 
Comfort Measures Only 
 

Primary goals of 
care 

Assist ventilation and/or 
oxygenation. 
Alleviate dyspnoea. 
Achieve comfort. 
Reduce risk of intubation. 
Reduce risk of mortality. 
Avoidance of intubation. 

Includes same as 
category 1 except 
intubation declined. 
Also could include briefly 
prolonging life for a 
specific purpose (e.g. 
arrival of family member). 

Palliation of symptoms (relief 
of dyspnoea). 
 

Main goals to 
communicate with 
patient and family 

Goal is to restore health 
and use intubation if 
necessary and indicated. 

Goal is to restore health 
without using 
endotracheal intubation 
and without causing 
unacceptable discomfort. 

Goal is to maximise comfort 
while minimising adverse 
effects of opiates. 

Determination of 
success 

Improved oxygenation 
and/or ventilation. 
Tolerance of NIV or minor 
discomfort that is 
outweighed by potential 
benefit. 
 

Improved oxygenation 
and/or 
Ventilation. 
Tolerance of NIV or minor 
discomfort that is 
outweighed by potential 
benefit. 

Improved symptoms. 
Tolerance of NIV. 
 

Endpoint for NIV Unassisted ventilation 
adequately supporting 
life. Intolerance of NIV. 

Unassisted ventilation 
adequately supporting life. 
Intolerance of NIV. 

Patient is not more 
comfortable having NIV on 
or wants NIV stopped. 
Patient becomes unable to 
communicate. 

Response to 
failure 

Intubation and 
mechanical ventilation  
(if indicated). 

Change to comfort 
measures only and 
palliate symptoms without 
NIV. 

Palliate symptoms without 
NIV. 
 

Likely location of 
NIV 
 

ICU but may include step-
down unit or acute care 
bed in some hospitals 
with appropriately 
monitored setting and 
trained personnel. 

Variable but may include 
ICU or step-down unit or 
acute care bed. 
 

Acute care bed but could be 
applied in hospice by 
appropriately trained 
personnel. 
 

 

ICU = intensive care unit. 
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With regards to protocols and guidelines for withholding and withdrawing life prolonging treatment, all 
emphasise that the primary goal is to restore or maintain health, but when treatment fails or it causes 
negative effects which outweigh benefits, then the justification for providing that treatment is lost [540]. 
Instead of withdrawal of treatment, a more accurate description could be “redirection of care”. In the 
example of NIV in end-of-life scenarios, this requires the immediate institution of other interventions, 
such as sedation or analgesia [540]. 

While there has been little systematic study of the end-of-life wishes in non-malignant conditions [530], 
patients who receive mechanical ventilation (whether NIV or invasive ventilation) may reach a stage 
where their quality of life is intolerable and may request discontinuation of ventilation [533]. While this 
situation can be distressing for family and staff, patient autonomy and dignity should be preserved and 
there is no ethical reason why ventilation should not be discontinued at a time decided by the patient 
who has adequate capacity [533]. The management of ventilator withdrawal is controversial and where 
possible should be guided by patient preference. Withdrawal of ventilatory support will usually cause 
significant dyspnoea and the clinician has the responsibility to execute the patient’s request in a 
compassionate and humane manner [544]. Ideally, when a patient is on domiciliary non-invasive 
ventilation, preferences should be documented to why and how non-invasive ventilation should be 
used or ceased during palliative care or end-of-life care approaches. 

Ventilator withdrawal becomes more difficult when a patient is using it continuously, 24 hours a day. In 
a majority of such cases patients rely on their carers or clinicians to apply the NIV for them when they 
are incapable of applying or removing the mask. In this scenario a clinician would have to actively 
withdraw ventilation [146]. This is in contrast to the patient who can tolerate sufficient periods off the 
mask during the day, where it can be viewed that the focus is shifted from “withdrawing active 
treatment” to one of “not re-applying futile treatment”. Such elective withdrawal is emotionally and 
ethically sensitive and must be carefully discussed and incorporate the patient’s wishes, advance care 
directives or enduring guardian recommendations. A multidisciplinary approach including primary care 
physicians, palliative care services and NIV service should be adopted [146]. Ventilator dependent 
patients should be counselled against attempts to cease ventilatory support in the absence of medical 
support, as undesirable dyspnoea will occur without appropriate medication [146]. 

 

 

9.4 USES OF NIV IN PALLIATIVE OR END-OF-LIFE CARE 
Relief of symptoms: dyspnoea and sequelae of nocturnal hypoventilation 

The palliative use of NIV to control symptoms of dyspnoea and nocturnal hypoventilation without the 
goal of improving survival has been suggested to be an entirely appropriate choice for some patients 
with end-stage disease [27]. NIV can also be theoretically used as an adjunct to opiates for relieving 
breathlessness, in a way that it may decrease some side effects of opiates, such as decreased level of 
consciousness [537]. 

 

For alertness and communication 

Although most patients and families are interested in ensuring comfort while dying, some are interested 
in maintaining a level of alertness, cognition and ability to communicate [545]. NIV is this circumstance 
would be considered successful if it allows this to occur without causing other consequences [537]. 
Others find NIV a hindrance to verbal communication and this may in itself cause distress. When the 
primary goal for the patient is comfort, NIV should not be encouraged if it is causing discomfort [537]. 

 

“Buying time” 

NIV can be used to “buy time” to find out more information and allow time to clarify appropriate limits to 
the patient’s care. It also may provide time to finalise personal affairs, allow closure for patients and 
relatives, and for loved-ones to arrive before the patient dies [532, 546]. Some patients who do not 
want prolonged life-sustaining therapy may elect to undergo a time or event limited trial of NIV. In this 
scenario NIV would be used actively as a ceiling treatment until the end of this trial. When appropriate, 
the patient’s NIV management will then follow a palliative or comfort measures approach [537]. 
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9.5 WHEN NIV IS USED AS A CEILING TREATMENT 
Where the physician and the patient agree that invasive ventilation is inappropriate or if the patient 
refuses NIV, the physician can respect the patient’s decision if they demonstrate adequate capacity. 
Otherwise they can be guided by the advance directive or enduring guardian. When a patient wishes to 
receive NIV as a ceiling treatment, certain parameters of continuation or discontinuation should be put 
in place.  

NIV should be applied after careful discussion of the goals of care, with explicit parameters for success 
and failure, by experienced clinicians, and in the appropriate health care settings [537]. Issues and 
parameters to be discussed when NIV is to be used as a ceiling treatment could include: 

i) If a patient is tolerating NIV, but showing no early signs of improvement, then NIV can be 
continued and the response can be reassessed a few hours later [532]. 

ii) If there remains no physiological or biochemical improvement but the patient is symptomatically 
improved, then it is reasonable to continue if it remains an effective palliative measure [532]. 

iii) Symptomatic improvements can include reducing breathlessness which can settle the patient’s 
anxiety levels, allow them to rest, communicate, and sleep. 

iv) If the patient feels no benefit from optimised NIV or if NIV is distressing the patient, then it should 
be stopped [532]. 

v) Parameters of when a patient would not want to wear NIV should be established. This may 
include level of ventilator dependence, discomfort, inability to return to living at home, inability to 
eat or drink, etc. 

vi) Communication between multidisciplinary team, patient and family is crucial throughout [537]. 

vii) If NIV is to be ceased due to it being ineffective and causing distress, or providing negative quality 
of life, adequate pharmacological symptomatic relief of dyspnoea should be provided prior to 
removal of ventilation [537].  

 

 

9.6 PRACTICAL ISSUES TO CONSIDER WITH VENTILATION AT END-OF-LIFE 
Pharmacological relief of dyspnoea  

Many clinicians will start a low-dose subcutaneous infusion of opioid and/or benzodiazepine before 
removing the mask [532]. The “double effect” principle permits the relief of suffering as the primary 
intention but at the opportunity cost of reducing life-span. While sedating medication can worsen 
hypoventilation through depressing reparatory drive and potentially accelerate death, there is little 
evidence to suggest cautious use of opioids or benzodiazepines hastens death in this context [146, 
532]. 

Acute and sudden dyspnoea can occur in patients with advanced MND. To relieve this acute dyspnoea 
in the home situation, a breathing space kit has been recommended which is filled with drugs supplied 
by the GP for each specific patient [533]. This pack has one section which contains diazepam 
suppositories which can be used by the carer and the other section has drugs such as diamorphine to 
be administered by health professionals. 

 

Home services 

There has been shift from inpatient to home health care and in response to this, there has been an 
increase in home services [531]. It is important that the patient and the family are linked to all of the 
appropriate home services and that they do not feel isolated during the process. 

 

Appropriate adjustment of ventilator settings 

Nearly all neuromuscular patients treated with NIV choose to continue it, even in the terminal phase of 
their disease [540]. One third of deceased MND patients were reported to die under NIV, revealing a 
high acceptance of this modality in the end stages of life [547]. When it has been decided to use NIV 
for symptomatic relief at the end of life, after appropriate medications for dyspnoea have been given, 
the bi-level device should be changed from a spontaneous-timed mode to a spontaneous mode. A 
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gradual reduction in the efficacy of the ventilator can also be attempted by reducing the pressure 
support to allow for a gradual development of hypercapnia and provide terminal coma [533]. The mask 
can be removed when the patient is not suffering from symptoms of breathlessness.  

 

Staff / Carer experience with NIV application and principles 

Staff training and experience in NIV is very important and adequate numbers of skilled staff should be 
available throughout the 24 hour period [532]. Inexperienced staff in the area of NIV, can inadvertently 
cause distressing episodes of dyspnoea, pain from mask application or inappropriate continuation or 
discontinuation of NIV. If staff and family are appropriately trained in NIV, an inpatient or supported 
home setting can be appropriate for the end of life in chronic respiratory failure patients [537]. 

 

Bereavement 

It is important for palliative care to continue after death, through bereavement support [29]. A letter of 
condolence can also assist the bereavement process with the deceased family and can also place 
closure on the relationship between the physician and the late patient’s family [548]. 

 

Key Points: 

• Continuous NIV can be used in select patients with stable chronic respiratory failure. In other 
situations, where appropriate, some patients make an informed decision for continuous ventilatory 
support to continue via tracheostomy. 

• Where continuous NIV is not tolerated and/or failing as a treatment, and invasive ventilation is 
deemed inappropriate by the patient or clinical context, the focus of NIV should shift to its use for 
comfort measures. 

• Both the clinician and the patient need to be aware of the specific goals of care at particular 
stages of the patient’s disease and adjust the use of NIV accordingly. Ideally prior to a significant 
event, all involved need to be clear whether NIV will be used as a ceiling treatment or palliation, or 
if intubation and conventional ventilation are indicated should NIV fail. 

• There is no ethical reason why ventilation should not be discontinued at a time decided by the 
patient who has adequate capacity. 

• Ventilator withdrawal should be performed in a compassionate and humane manner, with the use 
of pharmacotherapy which is titrated to relieve dyspnoea and distress. 

• NIV can be used in the palliative care / end-of-life setting to: relieve dyspnoea and the sequelae of 
nocturnal hypoventilation; to allow patient alertness and communication; and to “buy time”. 

• When a patient wishes to receive NIV as a ceiling treatment, certain parameters of continuation or 
discontinuation should be put in place. 

• Staff / carers skilled in NIV should be available during end-of-life care to ensure that it is used 
appropriately and that it does not cause undue stress for the patient. 

 
 
9.7 ADVANCED CARE PLANNING 
Advance care planning refers to the “process of preparing for likely scenarios near the end of life and 
usually includes assessment of, and dialogue about, a person’s understanding of their medical history 
and condition, values, preferences, and personal and family resources” [549]. It is a document that 
describes a patient’s future preferences for medical treatment in anticipation of a time when one is 
unable to express those preferences because of illness or injury. Despite the apparent importance of 
advance care planning, it appears that they are uncommon [550]. A European survey of end-of-life 
decision making in respiratory intermediate care units was made in only 22% of patients [551]. 

In addition to respecting patient autonomy, the process of advance care planning has the benefits of 
promoting the discussion of goals, values and preferences for particular medical interventions in 
particular situations between patients, family members, carers and clinicians [552]. It also provides the 
forum for family members to understand the wishes of the patient and for the patient to hear the 
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family’s ideas regarding potential therapies [552]. By doing so, it can help to remove some of the 
burden of decision making for patient’s next of kin and may relieve them of future thoughts of guilt or 
self-doubt [531].  

The presence of an advance care directive can also ensure that the patient’s actual preferences are 
more likely to be implemented [531]. This is particularly important where future problems can be 
anticipated as the disease progresses and the patient may not be able to effective communicate 
despite being fully conscious, as can occur in MND where a “locked in” state can develop [552]. 

The main limitation of advanced care directives is that the document is unable to encompass the entire 
wide range of possibilities available for health care as the end-of-life approaches [553, 554]. In 
diseases with more predictable end-of-life time courses, some tools to assist with writing advance care 
directives with regards to ventilation have been developed. For an example of one tool which focuses 
on respiratory failure and invasive mechanical ventilation, see Figure 12 [552]. Whilst it has been 
specifically written with MND in mind, it can also be used as a starting place for other respiratory failure 
disease processes. This tool highlights that when discussions are being held with regard to advance 
care directives that it should not only outline patient preferences but should be in depth enough to 
define the clinical situations in which these preferences hold, to attempt to avoid ambiguity which can 
make more general advance directives ineffectual [552]. 
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Figure 12: Health-care directive for the individual with amyotrophic lateral sclerosis  

(From [552], - Reproduced with permission of John Wiley & Sons, Inc. 

 

 

HEALTH-CARE DIRECTIVE FOR THE INDIVIDUAL WITH 

AMYOTROPHIC LATERAL SCLEROSIS. 

 

Recognising that respiratory failure is frequently the cause of death in cases of ALS, I hereby wish to 
state in advance my preference regarding invasive mechanical ventilation. It is my desire that these 
preferences guide the decision making of my family and my physician(s) in the event that I am unable 
to participate in a meaningful way in discussions regarding my health care. I understand that none of 
the choices made here will be put into effect without my agreement as long as I retain the capacity for 
decision making and the ability to communicate, in some form, those decisions. 

With regard to invasive mechanical ventilation requiring endotracheal intubation, it is my 
preference that: 

(Choose one of the following three main options): 

A. ____ Invasive mechanical ventilation not be instituted under any circumstances. I understand that 
such a choice will almost certainly mean that my death will occur earlier than if such support is 
instituted. I also understand that some processes that might precipitate respiratory failure may be 
readily reversible and that, therefore, mechanical ventilation may not necessarily be long-term, yet I still 
do not wish to undergo mechanical ventilation even in such circumstances. 

 

B. ____ Invasive mechanical ventilation be used only when, in the judgment of appropriate medical 
personnel, the acute cause of respiratory failure is believed to be likely reversible, for example, in the 
case of choking. If, on the other hand, respiratory failure is a result of the irreversible deterioration from 
ALS, I do not wish to undergo mechanical ventilation, knowing that such a choice will almost certainly 
mean that my death will occur earlier than if such support is instituted. 

If invasive mechanical ventilation is used and it becomes evident that long-term mechanical ventilation 
is required, then (choose none, one, or more of the following): 

1. ____ I wish for mechanical ventilation to be discontinued regardless of the circumstances, knowing 
that this will result in my death. 

2. ____ I wish for mechanical ventilation to be discontinued if I should be diagnosed in writing by two 
physicians to be in a permanent unconscious condition. 

3. ____ I wish for mechanical ventilation to be discontinued if I become permanently unable to 
effectively communicate (“locked-in”). 

4. ____ I wish for mechanical ventilation to be discontinued if I am unable to return to living at home. 

5. ____I wish for mechanical ventilation to be discontinued if my care results in major financial hardship 
or other burden on my family. 

 

C. ____ Invasive mechanical ventilation should be instituted in all circumstances for respiratory failure 
not treatable by other measures, and long-term mechanical ventilation with tracheostomy should be 
continued with the following exceptions (choose none, one, or more of the following): 

1. ____ I wish for mechanical ventilation to be discontinued if I should be diagnosed in writing by two 
physicians to be in a permanent unconscious condition. 

2. ____ I wish for mechanical ventilation to be discontinued if I become permanently unable to 
effectively communicate (“locked-in”). 

3. ____ I wish for mechanical ventilation to be discontinued if I am unable to return to living at home. 

4. ____ I wish for mechanical ventilation to be discontinued if my care results in major financial 
hardship or other burden on my family. 
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To be more meaningful and to ensure that the likelihood of the patients wishes to be carried out, the 
advance care directive must be completed in consultation with a health-care provider familiar with their 
condition and mechanical ventilation and preferably in the presence of family members and the 
patient’s Enduring Guardian, if one has been appointed. An Enduring Guardian is someone that a 
patient legally appoints to make personal and lifestyle decisions and/or decisions about medical 
treatment on the patient’s behalf, when they are unable to make those decisions themselves. Although 
currently advance care directives are not legally binding in NSW, they still may be valid under common 
law and when the content of advance care directive is consistent, current and up-to-date, then medical 
professionals are encouraged to respect the wishes stipulated in the document [549].  

For more information on Advance Care Directives refer to: 

The Advance Care Directive Association Inc. 

18 / 113 Johnston Street Annandale, NSW 2038 

www.advancecaredirectives.org.au 

NSW Department of Health 

Author Branch:   Health Research and Ethics [549] 

Document Title:  Advance Care Directives (NSW) - Using  

Document Number:  GL2005_056 

 

Key points: 

• The process of advance care planning has the benefits of: respecting patient autonomy; promoting 
the discussion of goals, values and preferences for particular medical interventions in particular 
situations between patients, family members, carers and clinicians; providing the forum for family 
members to understand the wishes of the patient; and ensuring that patient’s actual preferences 
are more likely to be implemented. 

• To be more meaningful and to ensure that the likelihood of the patients wishes to be carried out, 
the advance care directive must be completed in consultation with a health-care provider familiar 
with their condition and mechanical ventilation and preferably in the presence of family members or 
the patient’s Enduring Guardian. 

• Advance care directives should outline patient preferences in sufficient detail to define the clinical 
situations in which their preferences hold. 

 

 

RECOMMENDATIONS FOR PALLIATIVE CARE AND END-OF-LIFE 
ISSUES FOR PATIENTS ON DOMICILIARY NIV Grade 

Early and timely discussions involving clinicians, patients and their families to address 
present and future decision with regards to the use of NIV during the progression of their 
disease should be held. Focus should be placed on the role of NIV in symptom relief as 
their disease progresses. 

D 

To ensure adequate time for planning, patients should be referred to palliative care 
services before they reach the advanced stages of their disease.  D 

Encourage discussion and documentation of advanced directives: 
• resuscitation status 
• treatment end points for NIV (e.g. unacceptable quality of life or when unable to 

communicate by any means) 
• attitude towards intubation / tracheostomy ventilation 

D 

NIV can be used in the palliative care / end-of-life setting to: relieve dyspnoea and the 
sequelae of nocturnal hypoventilation; to allow patient alertness and communication; and 
to “buy time”. 

D 

http://www.advancecaredirectives.org.au/�


 

148 

REFERENCES 
 
 

1. Annane D, Orlikowski D, Chevret S, Chevrolet JC, Raphael JC. Nocturnal mechanical 
ventilation for chronic hypoventilation in patients with neuromuscular and chest wall disorders. 
Cochrane Database of Systematic Reviews 2007; (4):CD001941. 

2. Lloyd-Owen SJ, Donaldson GC, Ambrosino N, Escarabill J, Farre R, Fauroux B, Robert D, 
Schoenhofer B, Simonds AK, Wedzicha JA. Patterns of home mechanical ventilation use in 
Europe: results from the Eurovent survey. Eur Respir J 2005; 25(6):1025-1031. 

3. Hill NS. Ventilator management for neuromuscular disease. Seminars in Respiratory & Critical 
Care Medicine 2002; 23(3):293-305. 

4. Kinali M, Manzur AY, Muntoni F. Recent developments in the management of Duchenne 
muscular dystrophy. Paediatrics and Child Health 2008; 18(1):22-26. 

5. Buyse B, Meersseman W, Demedts M. Treatment of chronic respiratory failure in 
kyphoscoliosis: oxygen or ventilation? Eur Respir J 2003; 22(3):525-528. 

6. Janssens J-P, Derivaz S, Breitenstein E, de Muralt B, Fitting J-W, Chevrolet J-C, Rochat T. 
Changing patterns in long-term noninvasive ventilation: a 7-year prospective study in the 
Geneva Lake area. Chest 2003; 123(1):67-79. 

7. Turner L, Cooper B, Watson L, Britton J, Wharton S, Kinnear W. NIV at home: resource 
implications. Thorax 2003; 58(7):644. 

8. Laub M, Midgren B. Survival of patients on home mechanical ventilation: a nationwide 
prospective study. Respiratory Medicine 2007; 101(6):1074-1078. 

9. Díaz-Lobato S, Mayorales-Alises S. Setting up and organizing a noninvasive ventilation unit for 
hospital and home therapy. Archivos De Bronconeumologia 2005; 41(10):579-583. 

10. National Institute for Health and Clinical Excellence (April 2007). The guidelines manual. 
London: National Institute for Health and Clinical Excellence. Available from: www.nice.org.uk  

11. Scottish Intercollegiate Guidelines Network (2008) SIGN 50. A guideline developer's 
handbook. Revised edition January 2008. Edinburgh: Scottish Intercollegiate Guidelines 
Network. http://www.sign.ac.uk/guidelines/fulltext/50/index.html. 

12. Ellis E, Grunstein R, Chan S, Bye P, Sullivan C. Noninvasive ventilatory support during sleep 
improves respiratory failure in kyphoscoliosis. Chest 1988; 94(4):811-815. 

13. Hill NS, Redline S, Carskadon MA, Curran FJ, Millman RP. Sleep-disordered breathing in 
patients with Duchenne muscular dystrophy using negative pressure ventilators. Chest 1992; 
102(6):1656-62. 

14. Bach JR, Penek J. Obstructive sleep apnea complicating negative-pressure ventilatory support 
in patients with chronic paralytic/restrictive ventilatory dysfunction. Chest 1991; 99(6):1386-93. 

15. Schonhofer B, Sortor-Leger S. Equipment needs for noninvasive mechanical ventilation. Eur 
Respir J 2002; 20(4):1029-1036. 

16. Robert D, Argaud L. Non-invasive positive ventilation in the treatment of sleep-related 
breathing disorders. Sleep Medicine 2007; 8(4):441-452. 

17. McKibben AW, Ravenscraft SA. Pressure-controlled and volume-cycled mechanical 
ventilation. Clinics in Chest Medicine 1996; 17(3):395-410. 

18. Tuggey JM, Elliott MW. Randomised crossover study of pressure and volume non-invasive 
ventilation in chest wall deformity. Thorax 2005; 60(10):859-864. 

19. Windisch W, Hendrik Storre J, Sorichter S, Christian Virchow J. Comparison of volume- and 
pressure-limited NPPV at night: a prospective randomized cross-over trial. Respiratory 
Medicine 2005; 99(1):52-59. 

 

http://www.nice.org.uk/�
http://www.sign.ac.uk/guidelines/fulltext/50/index.html�


REFERENCES 
 

149 

20. Mehta S, Hill NS. Noninvasive Ventilation. Am. J. Respir. Crit. Care Med. 2001; 163(2):540-
577. 

21. Schonhofer B, Sonneborn M, Haidl P, Bohrer H, Kohler D. Comparison of two different modes 
for noninvasive mechanical ventilation in chronic respiratory failure: volume versus pressure 
controlled device. Eur Respir J 1997; 10(1):184-191. 

22. Muñoz X, Crespo A, Marti S, Torres F, Ferrer J, Morell F. Comparative study of two different 
modes of noninvasive home mechanical ventilation in chronic respiratory failure. Respiratory 
Medicine 2006; 100(4):673-681. 

23. Teschler H, Dohring J, Wang Y-M, Berthon-Jones M. Adaptive pressure support servo-
ventilation. A novel treatment for Cheyne-Stokes respiration in heart failure. Am. J. Respir. Crit. 
Care Med. 2001; 164(4):614-619. 

24. Philippe C, Stoica-Herman M, Drouot X, Raffestin B, Escourrou P, Hittinger L, Michel P-L, 
Rouault S, d'Ortho M-P. Compliance with and effectiveness of adaptive servoventilation versus 
continuous positive airway pressure in the treatment of Cheyne-Stokes respiration in heart 
failure over a six month period. Heart 2006; 92(3):337-342. 

25. Jaye J, Chatwin M, Dayer M, Morrell MJ, Simonds AK. Autotitrating versus standard 
noninvasive ventilation: a randomised crossover trial. Eur Respir J 2009; 33(3):566-571. 

26. Nava S, Navalesi P, Gregoretti C. Interfaces and humidification for noninvasive mechanical 
ventilation. Respir Care 2009; 54(1):71-84. 

27. Simonds AK. Recent advances in respiratory care for neuromuscular disease. Chest 2006; 
130(6):1879-1886. 

28. Tripodoro VA, De Vito EL. Management of dyspnea in advanced motor neuron diseases. 
Current Opinion in Supportive and Palliative Care 2008; 2(3):173-9. 

29. Radunovic A, Mitsumoto H, Leigh PN. Clinical care of patients with amyotrophic lateral 
sclerosis. The Lancet Neurology 2007; 6(10):913-925. 

30. Madden BP, Kariyawasam H, Siddiqi AJ, Machin A, Pryor JA, Hodson ME. Noninvasive 
ventilation in cystic fibrosis patients with acute or chronic respiratory failure. Eur Respir J 2002; 
19(2):310-313. 

31. Nava S, Ceriana P, eds. Non-invasive ventilation: Causes of success or failure. In: Mechanical 
Ventilation - Update in Intensive Care and Emergency Medicine, ed. A.S. Slutsky and L. 
Brochard. 2004, Springer: Berlin. 189-200. 

32. Fauroux B, Lofaso F. Non-invasive mechanical ventilation: when to start for what benefit? 
Thorax 2005; 60(12):979-980. 

33. Tuggey JM, Plant PK, Elliott MW. Domiciliary non-invasive ventilation for recurrent acidotic 
exacerbations of COPD: an economic analysis. Thorax 2003; 58(10):867-871. 

34. Leger P, Bedicam J, Cornette A, Reybet-Degat O, Langevin B, Polu J, Jeannin L, Robert D. 
Nasal intermittent positive pressure ventilation. Long-term follow-up in patients with severe 
chronic respiratory insufficiency. Chest 1994; 105(1):100-105. 

35. Schneerson JM, Simonds AK. Noninvasive ventilation for chest wall and neuromuscular 
disorders. Eur Respir J 2002; 20:480-487. 

36. Eagle M, Baudouin SV, Chandler C, Giddings DR, Bullock R, Bushby K. Survival in Duchenne 
muscular dystrophy: improvements in life expectancy since 1967 and the impact of home 
nocturnal ventilation. Neuromuscular Disorders 2002; 12(10):926-929. 

37. Monaco AP, Bertelson CJ, Liechti-Gallati S, Moser H, Kunkel LM. An explanation for the 
phenotypic differences between patients bearing partial deletions of the DMD locus. Genomics 
1988; 2(1):90-95. 

38. Morton NE, Chung CS. Formal Genetics of Muscular Dystrophy. American Journal of Human 
Genetics 1959; 11(4):360-379. 

39. Hahn A, Bach JR, Delaubier A, RenardelIrani A, Guillon G, Rideau Y. Clinical implications of 
maximal respiratory pressure determinations for individuals with Duchenne Muscular 
dystrophy. Archives of Physical Medicine and Rehabilitation 1997; 78(1):1-6. 



REFERENCES 
 

150 

40. Phillips MF, Quinlivan RCM, Edwards RHT, Calverley PMA. Changes in spirometry over time 
as a prognostic marker in patients with Duchenne muscular dystrophy. American Journal of 
Respiratory and Critical Care Medicine 2001; 164(12):2191-2194. 

41. Vianello A, Bevilacqua M, Salvador V, Cardioli C, Vincenti E. long-term nasal intermittent 
positive pressure ventilation in advanced Duchenne's Muscular Dystrophy. Chest 1994; 
105:445-448. 

42. Shahrizaila N, Kinnear WJM, Wills AJ. Respiratory involvement in inherited primary muscle 
conditions. J Neurol Neurosurg Psychiatry 2006; 77(10):1108-1115. 

43. Comi GP, Prelle A, Bresolin N, Moggio M, Bardoni A, Gallanti A, Vita G, Toscano A, Ferro MT, 
Bordoni A, Fortunato F, Ciscato P, Felisari G, Tedeschi S, Castelli E, Garghentino R, Turconi 
A, Fraschini P, Marchi E, Negretto GG, Adobbati L, Meola G, Tonin P, Papadimitriou A, 
Scarlato G. Clinical variability in becker muscular-dystrophy - genetic, biochemical and 
immunohistochemical correlates. Brain 1994; 117:1-14. 

44. de León MB, Cisneros B. Myotonic dystrophy 1 in the nervous system: From the clinic to 
molecular mechanisms. Journal of Neuroscience Research 2008; 86(1):18-26. 

45. Nugent AM, Smith IE, Shneerson JM. Domiciliary-assisted ventilation in patients with myotonic 
dystrophy. Chest 2002; 121(2):459-464. 

46. Phillips MF, Steer HM, Soldan JR, Wiles CM, Harper PS. Daytime somnolence in myotonic 
dystrophy. Journal of Neurology 1999; 246(4):275-282. 

47. Giubilei F, Antonini G, Bastianello S, Morino S, Paolillo A, Fiorelli M, Ferretti C, Fieschi C. 
Excessive daytime sleepiness in myotonic dystrophy. Journal of the Neurological Sciences 
1999; 164(1):60-63. 

48. van der Meche FGA, Bogaard JM, van der Sluys JCM, Schimsheimer RJ, Ververs CCM, 
Busch HFM. Daytime sleep in myotonic dystrophy is not caused by sleep apnea. Journal of 
Neurology Neurosurgery and Psychiatry 1994; 57(5):626-628. 

49. Hutchinson D, Whyte K. Neuromuscular disease and respiratory failure. Practical Neurology 
2008; 8(4):229-237. 

50. Hughes DTD, Swann JC, Gleeson JA, Lee FI. Abnormalities in swallowing associated with 
dystrophia myotonica. Brain 1965; 88:1037-42. 

51. Mathieu J, Allard P, Potvin L, Prevost C, Begin P. A 10-year study of mortality in a cohort of 
patients with myotonic dystrophy. Neurology 1999; 52(8):1658-1662. 

52. Eymard B, Romero NB, Leturcq F, Piccolo F, Carrie A, Jeanpierre M, Collin H, Deburgrave N, 
Azibi K, Chaouch M, Merlini L, ThemarNoel C, Penisson I, Mayer M, Tanguy O, Campbell KP, 
Kaplan JC, Tome FMS, Fardeau M. Primary adhalinopathy (alpha-sarcoglycanopathy): 
Clinical, pathologic, and genetic correlation in 20 patients with autosomal recessive muscular 
dystrophy. Neurology 1997; 48(5):1227-1234. 

53. Poppe M, Bourke J, Eagle M, Frosk P, Wrogemann K, Greenberg C, Muntoni F, Voit T, Straub 
V, Hilton-Jones D, Shirodaria C, Bushby K. Cardiac and respiratory failure in limb-girdle 
muscular dystrophy 2I. Annals of Neurology 2004; 56(5):738-741. 

54. Wohlgemuth M, van der Kooi EL, van Kesteren RG, van der Maarel SM, Padberg GW. 
Ventilatory support in facioscapulohumeral muscular dystrophy. Neurology 2004; 63(1):176-
178. 

55. Jungbluth H, Sewry C, Brown SC, Manzur AY, Mercuri E, Bushby K, Rowe P, Johnson MA, 
Hughes I, Kelsey A, Dubowitz V, Muntoni F. Minicore myopathy in children: a clinical and 
histopathological study of 19 cases. Neuromuscular Disorders 2000; 10(4-5):264-273. 

56. Rowe PW, Eagle M, Pollitt C, Bullock RE, Bushby KMD. Multicore myopathy: respiratory failure 
and paraspinal muscle contractures are important complications. Developmental Medicine and 
Child Neurology 2000; 42(5):340-343. 

57. Sasaki M, Takeda M, Kobayashi K, Nonaka I. Respiratory failure in nemaline myopathy. 
Pediatric Neurology 1997; 16(4):344-346. 



REFERENCES 
 

151 

58. Chahin N, Selcen D, Engel AG. Sporadic late onset nemaline myopathy. Neurology 2005; 
65(8):1158-1164. 

59. Falga-Tirado C, Perez-Peman P, Ordi-Ros J, Bofill JM, Balcells E. Adult onset of nemaline 
myopathy presenting as respiratory insufficiency. Respiration 1995; 62(6):353-354. 

60. Chung BHY, Wong VCN, Ip P. Spinal Muscular Atrophy: Survival pattern and functional status. 
Pediatrics 2004; 114(5):e548-553. 

61. Simonds AK. Respiratory complications of the muscular dystrophies. Seminars in Respiratory 
& Critical Care Medicine 2002; 23(3):231-238. 

62. Wallgren-Pettersson C, Bushby K, Mellies U, Simonds A. 117th ENMC Workshop: Ventilatory 
support in congenital neuromuscular disorders - Congenital Myopathies, Congenital Muscular 
Dystrophies, Congenital Myotonic Dystrophy and SMA (II) 4-6 April 2003, Naarden, The 
Netherlands. Neuromuscular disorders : NMD 2004; 14(1):56-69. 

63. Siddique N, Sufit R, Siddique T, eds. Degenerative motor, sensory, and autonomic disorders. 
3rd ed. In: Textbook of Clinical Neurology, ed. C.G. Goetz. 2007, Saunders: Philadelphia. 785-
787. 

64. Zerres K, Rudnik-Schöneborn S, Forrest E, Lusakowska A, Borkowska J, Hausmanowa-
Petrusewicz I. A collaborative study on the natural history of childhood and juvenile onset 
proximal spinal muscular atrophy (type II and III SMA): 569 patients. Journal of the 
Neurological Sciences 1997; 146(1):67-72. 

65. Pellegrini N, Laforet P, Orlikowski D, Pellegrini M, Caillaud C, Eymard B, Raphael J-C, Lofaso 
F. Respiratory insufficiency and limb muscle weakness in adults with Pompe's disease. Eur 
Respir J 2005; 26(6):1024-1031. 

66. Ramlow J, Alexander M, LaPorte R, Kaufmann C, Kuller L. Epidemiology of the Post-Polio 
Syndrome. Am. J. Epidemiol. 1992; 136(7):769-786. 

67. Mulder DW, Rosenbaum RA, Layton DDJ. Late progression of poliomyelitis or forme fruste 
amyotrophic lateral sclerosis? Mayo Clinic Proceedings 1972; 47(10):756-61. 

68. Perrin C, Unterborn JN, D' Ambrosio C, Hill NS. Pulmonary complications of chronic 
neuromuscular diseases and their management. Muscle & Nerve 2004; 29(1):5-27. 

69. Gilchrist JM. Overview of neuromuscular disorders affecting respiratory function. Seminars in 
respiratory and critical care medicine 2002; 23(3):191-200. 

70. Hukins CA, Hillman DR. Daytime Predictors of Sleep Hypoventilation in Duchenne Muscular 
Dystrophy. Am. J. Respir. Crit. Care Med. 2000; 161(1):166-170. 

71. Suresh S, Wales P, Dakin C, Harris MA, Cooper DG. Sleep-related breathing disorder in 
Duchenne muscular dystrophy: disease spectrum in the paediatric population. J Paediatr Child 
Health 2005; 41(9-10):500-3. 

72. Ward NS, Hill NS. Pulmonary function testing in neuromuscualr disease. Clinics in Chest 
Medicine 2001; 22(4):769-81. 

73. Fromageot C, Lofaso F, Annane D, Falaize L, Lejaille M, Clair B, Gajdos P, Raphaël JC. 
Supine fall in lung volumes in the assessment of diaphragmatic weakness in neuromuscular 
disorders. Archives of Physical Medicine and Rehabilitation 2001; 82(1):123-128. 

74. Paschoal IA, Villalba WdO, Pereira MC. Chronic respiratory failure in patients with 
neuromuscular diseases: diagnosis and treatment. J. Bras. Pneumol 2007; 33:81-92. 

75. Shneerson JM, Simonds AK. Noninvasive ventilation for chest wall and neuromuscular 
disorders. Eur Respir J 2002; 20(2):480-487. 

76. Gay PC, Edmonds LC. Severe hypercapnia after low-flow oxygen-therapy in patients with 
neuromuscular disease and diaphragmatic dysfunction. Mayo Clinic Proceedings 1995; 
70(4):327-330. 

77. Raphael JC, Chevret S. Randomised trial of preventive nasal ventilation in Duchenne Muscular 
Dystrophy. Lancet 1994; 343:1600-1604. 



REFERENCES 
 

152 

78. Mellies U, Ragette R, Dohna Schwake C, Boehm H, Voit T, Teschler H. Long-term noninvasive 
ventilation in children and adolescents with neuromuscular disorders. Eur Respir J 2003; 
22(4):631-636. 

79. Ward S, Chatwin M, Heather S, Simonds AK. Randomised controlled trial of non-invasive 
ventilation (NIV) for nocturnal hypoventilation in neuromuscular and chest wall disease patients 
with daytime normocapnia. Thorax 2005; 60(12):1019-1024. 

80. Dohna-Schwake C, Podlewski P, Voit T, Mellies U. Non-invasive ventilation reduces 
respiratory tract infections in children with neuromuscular disorders. Pediatr Pulmonol 2008; 
43(1):67-71. 

81. Robin ED, Whaley RD, Crump CH, Travis DM. Alveolar gas tensions, pulmonary ventilation 
and blood pH during physiologic sleep in normal subjects. Journal of Clinical Investigation 
1958; 37(7):981-989. 

82. Lee-Chiong TL. Monitoring respiration during sleep. Clinics in Chest Medicine 2003; 24(2):297-
306. 

83. Winhammar JMC, Joffe D, Simmul R, Schoeffel R, Kiernan MC, Rowe DB. Nocturnal hypoxia 
in motor neuron disease is not predicted by standard respiratory function tests. Internal 
Medicine Journal 2006; 36(7):419-422. 

84. Chatwin M, Nickol AH, Morrell MJ, Polkey MI, Simonds AK. Randomised trial of inpatient 
versus outpatient initiation of home mechanical ventilation in patients with nocturnal 
hypoventilation. Respiratory Medicine 2008; 102(11):1528-1535. 

85. Luján M, Moreno A, Veigas C, Montón C, Pomares X, Domingo C. Non-invasive home 
mechanical ventilation: Effectiveness and efficiency of an outpatient initiation protocol 
compared with the standard in-hospital model. Respiratory Medicine 2007; 101(6):1177-1182. 

86. Doménech-Clar R, Nauffal-Manssur D, Compte-Torrero L, Rosales-Almazán MD, Martínez-
Pérez E, Soriano-Melchor E. Adaptation and follow-up to noninvasive home mechanical 
ventilation: Ambulatory versus hospital. Respiratory Medicine 2008; 102(11):1521-1527. 

87. Hess DR. Noninvasive ventilation in neuromuscular disease: equipment and application. 
Respiratory Care 2006; 51(8):896-912. 

88. Smith PEM, Calverley PMA, Edwards RHT, Evans GA, Campbell EJM. Practical problems in 
the respiratory care of patients with muscular-dystrophy. New England Journal of Medicine 
1987; 316(19):1197-1205. 

89. O'Connor PJ. Prevalence of spinal cord injury in Australia. Spinal Cord 2004; 43(1):42-46. 

90. DeVivo MJ, Black KJ, Stover SL. Causes of death during the first 12 years after spinal cord 
injury. Archives of Physical Medicine & Rehabilitation 1993; 74(3):248-54. 

91. Danon J, Druz WS, Goldberg NB, Sharp JT. Function of the isolated paced diaphragm and the 
cervical accessory muscles in C1 quadriplegics. American Review of Respiratory Disease 
1979; 119(6):909-19. 

92. Anke A, Aksnes AK, Stanghelle JK, Hjeltnes N. Lung volumes in tetraplegic patients according 
to cervical spinal cord injury level. Scandinavian Journal of Rehabilitation Medicine 1993; 
25(2):73-7. 

93. Winslow C, Rozovsky J. Effect of spinal cord injury on the respiratory system. American 
Journal of Physical Medicine & Rehabilitation 2003; 82(10):803-14. 

94. Bhaskar KR, Brown R, O'Sullivan DD, Melia S, Duggan M, Reid L. Bronchial mucus 
hypersecretion in acute quadriplegia. Macromolecular yields and glycoconjugate composition. 
American Review of Respiratory Disease 1991; 143(3):640-8. 

95. Brown R, DiMarco AF, Hoit JD, Garshick E. Respiratory dysfunction and management in spinal 
cord injury. Respiratory Care 2006; 51(8):853-68;discussion 869-70. 

96. De Troyer A, Heilporn A. Respiratory mechanics in quadriplegia. The respiratory function of the 
intercostal muscles. American Review of Respiratory Disease 1980; 122(4):591-600. 



REFERENCES 
 

153 

97. Estenne M, Gevenois PA, Kinnear W, Soudon P, Heilporn A, De Troyer A. Lung volume 
restriction in patients with chronic respiratory muscle weakness: the role of microatelectasis. 
Thorax 1993; 48(7):698-701. 

98. Estenne M, De Troyer A. The effects of tetraplegia on chest wall statics. American Review of 
Respiratory Disease 1986; 134(1):121-4. 

99. Pillastrini P, Bordini S, Bazzocchi G, Belloni G, Menarini M. Study of the effectiveness of 
bronchial clearance in subjects with upper spinal cord injuries: examination of a rehabilitation 
programme involving mechanical insufflation and exsufflation. Spinal Cord 2006; 44(10):614-6. 

100. Schmitt JK, Stiens S, Trincher R, Lam M, Sarkarati M, Linder S, Ho CH. Survey of use of the 
insufflator-exsufflator in patients with spinal cord injury. Journal of Spinal Cord Medicine 2007; 
30(2):127-30. 

101. Harrop JS, Sharan AD, Vaccaro AR, Przybylski GJ. The cause of neurologic deterioration after 
acute cervical spinal cord injury. Spine 2001; 26(4):340-6. 

102. Farmer J, Vaccaro A, Albert TJ, Malone S, Balderston RA, Cotler JM. Neurologic deterioration 
after cervical spinal cord injury. Journal of Spinal Disorders 1998; 11(3):192-6. 

103. Chiodo AE, Scelza W, Forchheimer M. Predictors of ventilator weaning in individuals with high 
cervical spinal cord injury. Journal of Spinal Cord Medicine 2008; 31(1):72-7. 

104. Stockhammer E, Tobon A, Michel F, Eser P, Scheuler W, Bauer W, Baumberger M, Muller W, 
Kakebeeke TH, Knecht H, Zach GA. Characteristics of sleep apnea syndrome in tetraplegic 
patients. Spinal Cord 2002; 40(6):286-94. 

105. Berlowitz DJ, Brown DJ, Campbell DA, Pierce RJ. A longitudinal evaluation of sleep and 
breathing in the first year after cervical spinal cord injury. Archives of Physical Medicine & 
Rehabilitation 2005; 86(6):1193-9. 

106. American College of Chest Physicians. Clinical indications for non-invasive positive pressure 
ventilation in chronic respiratory failure due to restrictive lung disease, COPD, and nocturnal 
hypoventilation - A consensus conference report. Chest 1999; 116(2):521-534. 

107. Laffont I, Bensmail D, Lortat-Jacob S, Falaize L, Hutin C, Le Bomin E, Ruquet M, Denys P, 
Lofaso F. Intermittent Positive-Pressure Breathing Effects in Patients With High Spinal Cord 
Injury. Archives of Physical Medicine and Rehabilitation 2008; 89(8):1575-1579. 

108. Bach JR. A comparison of long-term ventilatory support alternatives from the perspective of the 
patient and care giver. Chest 1993; 104(6):1702-6. 

109. Bach JR, Intintola P, Alba AS, Holland IE. The ventilator-assisted individual. Cost analysis of 
institutionalization vs rehabilitation and in-home management. Chest 1992; 101(1):26-30. 

110. Toki A, Tamura R, Sumida M. Long-term ventilation for high-level tetraplegia: a report of 2 
cases of noninvasive positive-pressure ventilation. Archives of Physical Medicine & 
Rehabilitation 2008; 89(4):779-83. 

111. Ploch T, Kemeny C, Gilbert G, Cassel W, Peter JH. Significance of a screening questionnaire 
for diagnosis of sleep apnea. Pneumologie 1993; 47 Suppl 1:108-11. 

112. Zgierska A, Koziej M, Plywaczewski R. Estimation of the value of a self-designed questionnaire 
in diagnosing patients with suspected obstructive sleep apnea. Pneumonologia i Alergologia 
Polska 1997; 65(11-12):802-10. 

113. Robert D, Willig TN, Leger P, Paulus J. Long-term nasal ventilation in neuromuscular 
disorders: report of a consensus conference.[erratum appears in Eur Respir J 1993 
Sep;6(8):1233]. European Respiratory Journal 1993; 6(4):599-606. 

114. American Academy of Sleep Medicine. Sleep-related breathing disorders in adults: 
recommendations for syndrome definition and measurement techniques in clinical research. 
Sleep 1999; 22:667-89. 

115. Bach JR, Alba AS. Noninvasive options for ventilatory support of the traumatic high level 
quadriplegic patient. Chest 1990; 98(3):613-9. 

116. Tromans AM, Mecci M, Barrett FH, Ward TA, Grundy DJ. The use of the BiPAP biphasic 
positive airway pressure system in acute spinal cord injury. Spinal Cord 1998; 36(7):481-4. 



REFERENCES 
 

154 

117. Estenne M, De Troyer A. Mechanism of the postural dependence of vital capacity in tetraplegic 
subjects. American Review of Respiratory Disease 1987; 135(2):367-71. 

118. Teschler H, Stampa J, Ragette R, Konietzko N, Berthon-Jones M. Effect of mouth leak on 
effectiveness of nasal bilevel ventilatory assistance and sleep architecture. European 
Respiratory Journal 1999; 14(6):1251-1257. 

119. Kiernan MC. Motor neurone disease: a Pandora's box. Medical Journal of Australia 2003; 
178(7):311-312. 

120. Talman P, Mathers S, Mostert E, Forbes A. Evaluation of clinical patterns and rate of 
progression of motor neuron disease. Amyotroph Lateral Scler Other Motor Neuron Disord 
2002; 3(S2):93. 

121. Bourke SC, Shaw PJ, Gibson GJ. Respiratory function vs sleep-disordered breathing as 
predictors of QOL in ALS. Neurology 2001; 57(11):2040-2044. 

122. Velasco R, Salachas F, Munerati E, Le Forestier N, Pradat PF, Lacomblez L, Frija EO, 
Meininger V. Nocturnal oxymetry in patients with amyotrophic lateral sclerosis: role in 
predicting survival. Revue Neurologique 2002; 158(5):575-578. 

123. Barthlen GM, Lange DJ. Unexpectedly severe sleep and respiratory pathology in patients with 
amyotrophic lateral sclerosis. European Journal of Neurology 2000; 7(3):299-302. 

124. Criner GJ, Brennan K, Travaline JM, Kreimer D. Efficacy and compliance with noninvasive 
positive pressure ventilation in patients with chronic respiratory failure. Chest 1999; 
116(3):667-675. 

125. Simonds AK. Home ventilation. Eur Respir J 2003; 22(47_suppl):38S-46. 

126. Ozsancak A, D'Ambrosio C, Hill NS. Nocturnal noninvasive ventilation. Chest 2008; 
133(5):1275-1286. 

127. Bourke SC, Bullock RE, Williams TL, Shaw PJ, Gibson GJ. Noninvasive ventilation in ALS - 
Indications and effect on quality of life. Neurology 2003; 61(2):171-177. 

128. Miller RG, Rosenberg JA, Gelinas NF, Mitsumoto H, Newman D, Sufit R, Borasio GD, Bradley 
WG, Bromberg MB, Brooks BR, Kasarskis EJ, Munsat TL, Oppenheimer EA, force ALSPPT. 
Practice parameter: The care of the patient with amyotrophic lateral sclerosis (an evidence-
based review) - Report of the Quality Standards Subcommittee of the American Academy of 
Neurology. Neurology 1999; 52(7):1311-1323. 

129. Varrato J, Siderowf A, Damiano P, Gregory S, Feinberg D, McCluskey L. Postural change of 
forced vital capacity predicts some respiratory symptoms in ALS. Neurology 2001; 57(2):357-
359. 

130. Chaudri MB, Liu C, Watson L, Jefferson D, Kinnear WJ. Sniff nasal inspiratory pressure as a 
marker of respiratory function in motor neuron disease. European Respiratory Journal 2000; 
15(3):539-542. 

131. Jackson CE, Rosenfeld J, Moore DH, Bryan WW, Barohn RJ, Wrench M, Myers D, Heberlin L, 
King R, Smith J, Gelinas D, Miller RG. A preliminary evaluation of a prospective study of 
pulmonary function studies and symptoms of hypoventilation in ALS/MND patients. Journal of 
the Neurological Sciences 2001; 191(1-2):75-78. 

132. Lechtzin N, Wiener CM, Shade DM, Clawson L, Diette GB. Spirometry in the supine position 
improves the detection of diaphragmatic weakness in patients with amyotrophic lateral 
sclerosis. Chest 2002; 121(2):436-442. 

133. Fitting JW, Paillex R, Hirt L, Aebischer P, Schluep M. Sniff nasal pressure: A sensitive 
respiratory test to assess progression of amyotrophic lateral sclerosis. Annals of Neurology 
1999; 46(6):887-893. 

134. Morgan RK, McNally S, Alexander M, Conroy R, Hardiman O, Costello RW. Use of sniff nasal 
inspiratory force to predict survival in amyotrophic lateral sclerosis. Am. J. Respir. Crit. Care 
Med. 2005; 171(3):269-274. 

135. Lyall RA, Donaldson N, Polkey MI, Leigh PN, Moxham J. Respiratory muscle strength and 
ventilatory failure in amyotrophic lateral sclerosis. Brain 2001; 124(10):2000-2013. 



REFERENCES 
 

155 

136. Pinto A, de Carvalho M, Evangelista T, Lopes A, Sales-Luis L. Nocturnal pulse oximetry: a new 
approach to establish the appropriate time for non-invasive ventilation in ALS patients. 
Amyotrophic Lateral Sclerosis and Other Motor Neuron Disorders 2003; 4(1):31-35. 

137. Pinto AC, Pinto S, de Carvalho M, eds. Non-invasive Ventilation in Amyotophic Lateral 
Scloerosis: Late versus Early Treatment. In: Yearbook of Noninvasive Mechanical Ventilation 
2008, ed. R.A.M. Esquinas. 2008, Fotomecanica Indalo: Spain. 290-97. 

138. De Groot IJM, Post MWM, van Heuveln T, van den Berg LH, Lindeman E. Cross-sectional and 
longitudinal correlations between disease progression and different health-related quality of life 
domains in persons with amyotrophic lateral sclerosis. Amyotrophic Lateral Sclerosis 2007; 
8(6):356 - 361. 

139. Bourke S, Tomlinson M, Williams T, Bullock R, Shaw P, Gibson G. Effects of non-invasive 
ventilation on survival and quality of life in patients with amyotrophic lateral sclerosis: a 
randomised controlled trial. Lancet Neurol 2006; 5:140 - 147. 

140. Lyall RA, Donaldson N, Fleming T, Wood C, Newsom-Davis I, Polkey MI, Leigh PN, Moxham 
J. A prospective study of quality of life in ALS patients treated with noninvasive ventilation. 
Neurology 2001; 57(1):153-156. 

141. Aboussouan LS, Khan SU, Banerjee M, Arroliga AC, Mitsumoto H. Objective measures of the 
efficacy of noninvasive positive-pressure ventilation in amyotrophic lateral sclerosis. Muscle & 
Nerve 2001; 24(3):403-409. 

142. Newsom-Davis IC, Lyall RA, Leigh PN, Moxham J, Goldstein LH. The effect of non-invasive 
positive pressure ventilation (NIPPV) on cognitive function in amyotrophic lateral sclerosis 
(ALS): a prospective study. Journal of Neurology Neurosurgery and Psychiatry 2001; 
71(4):482-487. 

143. Lo Coco D, Marchese S, Pesco MC, La Bella V, Piccoli F, Lo Coco A. Noninvasive positive-
pressure ventilation in ALS - Predictors of tolerance and survival. Neurology 2006; 67(5):761-
765. 

144. Mustfa N, Walsh E, Bryant V, Lyall RA, Addington-Hall J, Goldstein LH, Donaldson N, Polkey 
MI, Moxham J, Leigh PN. The effect of noninvasive ventilation on ALS patients and their 
caregivers. Neurology 2006; 66(8):1211-1217. 

145. Simmons Z. Management strategies for patients with amyotrophic lateral sclerosis from 
diagnosis through death. Neurologist 2005; 11(5):257-270. 

146. Eng D. Management guidelines for motor neurone disease patients on non-invasive ventilation 
at home. Palliative Medicine 2006; 20(2):69. 

147. Lo Coco D, Marchese S, La Bella V, Piccoli T, Lo Coco A. The amyotrophic lateral sclerosis 
functional rating scale predicts survival time in amyotrophic lateral sclerosis patients on 
invasive mechanical ventilation. Chest 2007; 132(1):64-69. 

148. Cedarbaum JM, Stambler N, Grp BS. Disease status and use of ventilatory support by ALS 
patients. Amyotrophic Lateral Sclerosis and Other Motor Neuron Disorders 2001; 2(1):19-22. 

149. Cazzolli P, Oppenheimer E. Home mechanical ventilation for amyotrophic lateral sclerosis: 
nasal compared to tracheostomy-intermittent positive pressure ventilation. J Neurol Sci 1996; 
139(Suppl):123 - 128. 

150. Gregory S, Siderowf A, Golaszewski AL, McCluskey L. Gastrostomy insertion in ALS patients 
with low vital capacity: Respiratory support and survival. Neurology 2002; 58(3):485-487. 

151. Traynor BJ, Alexander M, Corr B, Frost E, Hardiman O. Effect of a multidisciplinary 
amyotrophic lateral sclerosis (ALS) clinic on ALS survival: a population based study, 1996-
2000. Journal of Neurology Neurosurgery and Psychiatry 2003; 74(9):1258-1261. 

152. Chio A, Silani V. Amyotrophic lateral sclerosis care in Italy: a nationwide study in neurological 
centers. Journal of the Neurological Sciences 2000; 191(1-2):145-150. 

153. Melo J, Homma A, Iturriaga E, Frierson L, Amato A, Anzueto A, Jackson C. Pulmonary 
evaluation and prevalence of non-invasive ventilation in patients with amyotrophic lateral 
sclerosis: a multicenter survey and proposal of a pulmonary protocol. Journal of the 
Neurological Sciences 1999; 169(1-2):114-117. 



REFERENCES 
 

156 

154. Moss AH, Oppenheimer EA, Casey P, Cazzolli PA, Roos RP, Stocking CB, Siegler M. Patients 
with amyotrophic lateral sclerosis receiving long-term mechanical ventilation - Advance care 
planning and outcomes. Chest 1996; 110(1):249-255. 

155. Shneerson JM. Respiration during sleep in neuromuscular and thoracic cage disorders. 
Monaldi Arch Chest Dis 2004; 61(1):44-48. 

156. Muirhead A, Conner A. The assessment of lung function in children with scoliosis. J Bone Joint 
Surg Br 1985; 67-B(5):699-702. 

157. Branthwaite MA. Cardiorespiratory consequences of unfused idiopathic scoliosis. British 
Journal of Diseases of the Chest 1986; 80(4):360-369. 

158. Pehrsson K, Larsson S, Oden A, Nachemson A. Long-term follow-up of patients with untreated 
scoliosis - a study of mortality, causes of death, and symptoms. Spine 1992; 17(9):1091-1096. 

159. Pozzi E, Gulotta C. Classification of chest wall diseases. Monaldi Arch Chest Dis 1993; 
48(1):65-8. 

160. Franssen M, Vanherwaarden CLA, Vandeputte LBA, Gribnau FWJ. Lung function in patients 
with ankylosing-spondylitis. A study of the influence of disease activity and treatment with non-
steroidal anti-inflammatory drugs. Journal of Rheumatology 1986; 13(5):936-940. 

161. Pehrsson K, Bake B, Larsson S, Nachemson A. Lung function in adult idiopathic scoliosis: a 20 
year follow-up. Thorax 1991; 46(7):474-478. 

162. Gonzalez C, Ferris G, Diaz J, Fontana I, Nunez J, Marin J. Kyphoscoliotic ventilatory 
insufficiency: effects of long-term intermittent positive-pressure ventilation. Chest 2003; 
124(3):857-862. 

163. Kearon C, Viviani GR, Kirkley A, Killian KJ. Factors determining pulmonary function in 
adolescent idiopathic thoracic scoliosis. American Review of Respiratory Disease 1993; 
148(2):288-294. 

164. Smyth RJ, Chapman KR, Wright TA, Crawford JS, Rebuck AS. Pulmonary function in 
adolescents with mild idiopathic scoliosis. Thorax 1984; 39(12):901-904. 

165. Lin MC, Liaw MY, Chen WJ, Cheng PT, Wong AMK, Chiou WK. Pulmonary function and spinal 
characteristics: Their relationships in persons with idiopathic and postpoliomyelitic scoliosis. 
Archives of Physical Medicine and Rehabilitation 2001; 82(3):335-341. 

166. Smith IE, Laroche CM, Jamieson SA, Shneerson JM. Kyphosis secondary to tuberculosis 
osteomyelitis as a cause of ventilatory failure - Clinical features, mechanisms, and 
management. Chest 1996; 110(4):1105-1110. 

167. Masa JF, Celli BR, Riesco JA, de Cos JS, Disdier C, Sojo A. Noninvasive positive pressure 
ventilation and not oxygen may prevent overt ventilatory failure in patients with chest wall 
diseases. Chest 1997; 112(1):207-213. 

168. Jager L, Franklin KA, Midgren B, Lofdahl K, Strom K. Increased survival with mechanical 
ventilation in posttuberculosis patients with the combination of respiratory failure and chest wall 
deformity. Chest 2008; 133(1):156-160. 

169. Gustafson T, Franklin KA, Midgren B, Pehrsson K, Ranstam J, Strom K. Survival of patients 
with kyphoscoliosis receiving mechanical ventilation or oxygen at home. Chest 2006; 
130(6):1828-1833. 

170. Chailleux E, Fauroux B, Binet F, Dautzenberg B, Polu J-M, Observatory Group of ANTADIR. 
Predictors of survival in patients receiving domiciliary oxygen therapy or mechanical 
ventilation: A 10-year analysis of ANTADIR observatory. Chest 1996; 109(3):741-749. 

171. Doménech-Clar R, Nauffal-Manzur D, Perpiñá-Tordera M, Compte-Torrero L, Macián-Gisbert 
V. Home mechanical ventilation for restrictive thoracic diseases: effects on patient quality-of-
life and hospitalizations. Respiratory Medicine 2003; 97(12):1320-1327. 

172. Nauffal D, DomÉNech R, MartÍNez GarcÍA MA, Compte L, MaciÁN V, PerpiÑÁ M. Noninvasive 
positive pressure home ventilation in restrictive disorders: outcome and impact on health-
related quality of life. Respiratory Medicine 2002; 96(10):777-783. 



REFERENCES 
 

157 

173. Tejeda M, Boix JH, Alvarez F, Balanza R, Morales M. Comparison of pressure support 
ventilation and assist-control ventilation in the treatment of respiratory failure. Chest 1997; 
111(5):1322-1325. 

174. Bagshaw ONT, Jardine A. Cardiopulmonary complications during anesthesia and surgery for 
severe thoracic lordoscoliosis. Anaesthesia 1995; 50(10):890-892. 

175. McDonald CF, Crockett AJ, Young IH. Adult domiciliary oxygen therapy. Position statement of 
the thoracic society of Australia and New Zealand. Medical Journal of Australia 2005; 
182(12):621-626. 

176. Borel J-C, Wuyam B, Chouri-Pontarollo N, Deschaux C, Levy P, Pépin J-L. During exercise 
non-invasive ventilation in chronic restrictive respiratory failure. Respiratory Medicine 2008; 
102(5):711-719. 

177. Tsuboi T, Ohi M, Chin K, Hirata H, Otsuka N, Kita H, Kuno K. Ventilatory support during 
exercise in patients with pulmonary tuberculosis sequelae. Chest 1997; 112(4):1000-1007. 

178. Sturm R. Increases in morbid obesity in the USA: 2000-2005. Public Health 2007; 121(7):492-
496. 

179. Laaban J-P, Chailleux E, for the Observatory Group of ANTADIR. Daytime hypercapnia in 
adult patients with obstructive sleep apnea syndrome in France, before initiating nocturnal 
nasal continuous positive airway pressure therapy. Chest 2005; 127(3):710-715. 

180. Mokhlesi B, Tulaimat A. Recent advances in obesity hypoventilation syndrome. Chest 2007; 
132(4):1322-1336. 

181. Valencia-Flores M, Orea A, Castano VA, Resendiz M, Rosales M, Rebollar V, Santiago V, 
Gallegos J, Campos RM, Gonzalez J, Oseguera J, Garcia-Ramos G, Bliwise DL. Prevalence 
of sleep apnea and electrocardiographic disturbances in morbidly obese patients. Obesity 
Research 2000; 8(3):262-269. 

182. Nowbar S, Burkart KM, Gonzales R, Fedorowicz A, Gozansky WS, Gaudio JC, Taylor MRG, 
Zwillich CW. Obesity-associated hypoventilation in hospitalized patients: prevalence, effects, 
and outcome. The American Journal of Medicine 2004; 116(1):1-7. 

183. Berg G, Delaive K, Manfreda J, Walld R, Kryger MH. The use of health-care resources in 
obesity-hypoventilation syndrome. Chest 2001; 120(2):377-383. 

184. de Llano LAP, Golpe R, Piquer MO, Racamonde AV, Caruncho MV, Muinelos OC, Carro CA. 
Short-term and long-term effects of nasal intermittent positive pressure ventilation in patients 
with obesity-hypoventilation syndrome. Chest 2005; 128(2):587-594. 

185. Masa JF, Celli BR, Riesco JA, Hernandez M, Sanchez de Cos J, Disdier C. The obesity 
hypoventilation syndrome can be treated with noninvasive mechanical ventilation. Chest 2001; 
119(4):1102-1107. 

186. Kessler R, Chaouat A, Schinkewitch P, Faller M, Casel S, Krieger J, Weitzenblum E. The 
obesity-hypoventilation syndrome revisited : a prospective study of 34 consecutive cases. 
Chest 2001; 120(2):369-376. 

187. Mokhlesi B, Tulaimat A, Faibussowitsch I, Wang Y, Evans A. Obesity hypoventilation 
syndrome: prevalence and predictors in patients with obstructive sleep apnea. Sleep and 
Breathing 2007; 11(2):117-124. 

188. Mokhlesi B, Kryger MH, Grunstein RR. Assessment and management of patients with obesity 
hypoventilation syndrome. Proc Am Thorac Soc 2008; 5(2):218-25. 

189. Zwillich C, Welsh CH. Hypercapnic obstructive sleep apnea: an underappreciated marker of 
severity. Chest 2007; 132(6):1729-1730. 

190. Flenley D. Sleep in chronic obstructive lung disease. Clin Chest Med 1985; 6:51-61. 

191. Chaouat A, Weitzenblum E, Krieger J, Ifoundza T, Oswald M, Kessler R. Association of chronic 
obstructive pulmonary disease and sleep apnea syndrome. Am J Respir Crit Care Med. 1995; 
151(1):82-86. 



REFERENCES 
 

158 

192. Berger KI, Ayappa I, Chatr-amontri B, Marfatia A, Sorkin IB, Rapoport DM, Goldring RM. 
Obesity hypoventilation syndrome as a spectrum of respiratory disturbances during sleep. 
Chest 2001; 120(4):1231-1238. 

193. Mokhlesi B, Tulaimat A, Evans AT, Wang Y, Itani AA, Hassaballa HA, Herdegen JJ, Stepanski 
EJ. Impact of adherence with positive airway pressure therapy on hypercapnia in obstructive 
sleep apnea. J Clin Sleep Med 2006; 2(1):57-62. 

194. de Lucas-Ramos P, de Miguel-Díez J, Santacruz-Siminiani A, González-Moro JMR, Buendía-
García MJ, Izquierdo-Alonso JL. Benefits at 1 year of nocturnal intermittent positive pressure 
ventilation in patients with obesity-hypoventilation syndrome. Respiratory Medicine 2004; 
98(10):961-967. 

195. Diez JD, Ramos PD, Parra JJP, Garcia MJB, Marcos JMC, Gonzalez-Moro JMR. Analysis of 
withdrawal from noninvasive mechanical ventilation in patients with obesity-hypoventilation 
syndrome. Medium term results. Archivos De Bronconeumologia 2003; 39(7):292-297. 

196. Piper A, Sullivan C. Effects of short-term NIPPV in the treatment of patients with severe 
obstructive sleep apnea and hypercapnia. Chest 1994; 105(2):434-440. 

197. Banerjee D, Yee BJ, Piper AJ, Zwillich CW, Grunstein RR. Obesity hypoventilation syndrome: 
hypoxemia during continuous positive airway pressure. Chest 2007; 131(6):1678-1684. 

198. Hida W, Okabe S, Tatsumi K, Kimura H, Akasiba T, Chin K, Ohi M, Nakayama H, Satoh M, 
Kuriyama T. Nasal continuous positive airway pressure improves quality of life in obesity 
hypoventilation syndrome. Sleep and Breathing 2003; 7(1):3-12. 

199. de Llano LAP, Golpe R, Piquer MO, Racamonde AV, Caruncho MV, Lopez MJ, Farinas MC. 
Clinical heterogeneity among patients with obesity hypoventilation syndrome: therapeutic 
implications. Respiration 2008; 75(1):34-39. 

200. Piper AJ, Wang D, Yee BJ, Barnes DJ, Grunstein RR. Randomised trial of CPAP vs bilevel 
support in the treatment of obesity hypoventilation syndrome without severe nocturnal 
desaturation. Thorax 2008; 63(5):395-401. 

201. Mokhlesi B. Positive airway pressure titration in obesity hypoventilation syndrome: continuous 
positive airway pressure or bilevel positive airway pressure. Chest 2007; 131(6):1624-1626. 

202. Storre JH, Seuthe B, Fiechter R, Milioglou S, Dreher M, Sorichter S, Windisch W. Average 
volume-assured pressure support in obesity hypoventilation: a randomized crossover trial. 
Chest 2006; 130(3):815-821. 

203. Janssens JP, Metzger M, Sforza E. Impact of volume targeting on efficacy of bi-level non-
invasive ventilation and sleep in obesity-hypoventilation. Respir Med 2009; 103(2):165-72. 

204. Pankow W, Hijjeh N, Schuttler F, Penzel T, Becker H, Peter J, von Wichert P. Influence of 
noninvasive positive pressure ventilation on inspiratory muscle activity in obese subjects. Eur 
Respir J 1997; 10(12):2847-2852. 

205. Chouri-Pontarollo N, Borel J-C, Tamisier R, Wuyam B, Levy P, Pepin J-L. Impaired objective 
daytime vigilance in obesity-hypoventilation syndrome: impact of noninvasive ventilation. Chest 
2007; 131(1):148-155. 

206. Heinemann F, Budweiser S, Dobroschke J, Pfeifer M. Non-invasive positive pressure 
ventilation improves lung volumes in the obesity hypoventilation syndrome. Respiratory 
Medicine 2007; 101(6):1229-1235. 

207. Budweiser S, Riedl SG, Jorres RA, Heinemann F, Pfeifer M. Mortality and prognostic factors in 
patients with obesity-hypoventilation syndrome undergoing noninvasive ventilation. Journal of 
Internal Medicine 2007; 261(4):375-383. 

208. Morgenthaler TI, Aurora N, Brown T, Zak R, Alessi C, Boehlecke B, Chesson AL, Friedman L, 
Kapur V, Maganti R, Owens J, Pancer J, Swick TJ, Standards Practice Comm A. Practice 
parameters for the use of autotitrating continuous positive airway pressure devices for titrating 
pressures and treating adult patients with obstructive sleep apnea syndrome: an update for 
2007. Sleep 2008; 31(1):141-147. 

209. Olson A, Zwillich C. The obesity hypoventilation syndrome. Am J Med 2005; 118:948 - 956. 



REFERENCES 
 

159 

210. Shivaram U, Cash M, Beal A. Nasal continuous positive airway pressure in decompensated 
hypercapnic respiratory failure as a complication of sleep apnea. . Chest 1993; 104(3):770-
774. 

211. British Thoracic Society Standards of Care Committee. Non-invasive ventilation in acute 
respiratory failure. Thorax 2002; 57(3):192-211. 

212. Weitzenblum E, Chaouat A, Kessler R, Canuet M. Overlap Syndrome: Obstructive Sleep 
Apnea in Patients with Chronic Obstructive Pulmonary Disease. Proc Am Thorac Soc 2008; 
5(2):237-241. 

213. Weiner P, Waizman J, Weiner M, Rabner M, Magadle R, Zamir D. Influence of excessive 
weight loss after gastroplasty for morbid obesity on respiratory muscle performance. Thorax 
1998; 53(1):39-42. 

214. Verse T. Bariatric surgery for obstructive sleep apnea. Chest 2005; 128(2):485-487. 

215. Sugerman HJ, Baron PL, Fairman RP, Evans CR, Vetrovec GW. Hemodynamic dysfunction in 
obesity hypoventilation syndrome and the effects of treatment with surgically induced weight 
loss. Ann Surg 1988; 207(5):604-13. 

216. Buchwald H, Avidor Y, Braunwald E, Jensen MD, Pories W, Fahrbach K, Schoelles K. Bariatric 
surgery: a systematic review and meta-analysis. JAMA 2004; 292(14):1724-1737. 

217. Sjostrom L, Lindroos A-K, Peltonen M, Torgerson J, Bouchard C, Carlsson B, Dahlgren S, 
Larsson B, Narbro K, Sjostrom CD, Sullivan M, Wedel H, the Swedish Obese Subjects Study 
Scientific Group. Lifestyle, diabetes, and cardiovascular risk factors 10 Years after bariatric 
surgery. N Engl J Med 2004; 351(26):2683-2693. 

218. DeMaria EJ, Portenier D, Wolfe L. Obesity surgery mortality risk score: proposal for a clinically 
useful score to predict mortality risk in patients undergoing gastric bypass. Surg Obes Relat 
Dis 2007; 3(2):134-40. 

219. Ebeo CT, Benotti PN, Byrd RP, Elmaghraby Z, Lui J. The effect of bi-level positive airway 
pressure on postoperative pulmonary function following gastric surgery for obesity. Respiratory 
Medicine 2002; 96(9):672-676. 

220. Karlsson J, Taft C, Ryden A, Sjostrom L, Sullivan M. Ten-year trends in health-related quality 
of life after surgical and conventional treatment for severe obesity: the SOS intervention study. 
International Journal of Obesity 2007; 31(8):1248-1261. 

221. Wijkstra PJ. Non-invasive positive pressure ventilation (NIPPV) in stable patients with chronic 
obstructive pulmonary disease (COPD). Respiratory Medicine 2003; 97(10):1086-93. 

222. Wijkstra P, Lacasse Y, Guyatt G, Goldstein R. Nocturnal non-invasive positive pressure 
ventilation for stable chronic obstructive pulmonary disease. Cochrane Database Syst Rev 
2002; (2):CD002878. 

223. Kolodziej MA, Jensen L, Rowe B, Sin D. Systematic review of noninvasive positive pressure 
ventilation in severe stable COPD. Eur Respir J 2007; 30(2):293-306. 

224. Meecham Jones D, Paul E, Jones P, Wedzicha J. Nasal pressure support ventilation plus 
oxygen compared with oxygen therapy alone in hypercapnic COPD. Am J Respir Crit Care 
Med 1995; 152:538 - 544. 

225. Casanova C, Celli BR, Tost L, Soriano E, Abreu J, Velasco V, Santolaria F. Long-term 
controlled trial of nocturnal nasal positive pressure ventilation in patients with severe COPD. 
Chest 2000; 118(6):1582-1590. 

226. Clini E, Sturani C, Rossi A, Viaggi S, Corrado A, Donner CF, Ambrosino N. The Italian 
multicentre study on noninvasive ventilation in chronic obstructive pulmonary disease patients. 
Eur Respir J 2002; 20(3):529-538. 

227. Tsolaki V, Pastaka C, Karetsi E, Zygoulis P, Koutsokera A, Gourgoulianis KI, Kostikas K. One-
year non-invasive ventilation in chronic hypercapnic COPD: effect on quality of life. Respiratory 
Medicine 2008; 102(6):904-911. 



REFERENCES 
 

160 

228. McEvoy RD, Pierce RJ, Hillman D, Esterman A, Ellis EE, Catcheside PG, O'Donoghue FJ, 
Barnes DJ, Grunstein RR. Nocturnal non-invasive nasal ventilation in stable hypercapnic 
COPD: a randomised controlled trial. Thorax 2009; 64(7):561-566. 

229. Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley P, Fukuchi Y, Jenkins C, 
Rodriguez-Roisin R, van Weel C, Zielinski J. Global strategy for the diagnosis, management, 
and prevention of chronic obstructive pulmonary disease - GOLD executive summary. 
American Journal of Respiratory and Critical Care Medicine 2007; 176(6):532-555. 

230. Elliott MW. Noninvasive ventilation in chronic ventilatory failure due to chronic obstructive 
pulmonary disease. Eur Respir J 2002; 20(3):511-514. 

231. Budweiser S, Jorres RA, Pfeifer M. Noninvasive home ventilation for chronic obstructive 
pulmonary disease: indications, utility and outcome. Current Opinion in Pulmonary Medicine 
2008; 14(2):128-134. 

232. Report of the Medical Research Council Working Party. Long term domiciliary oxygen therapy 
in chronic hypoxic cor pulmonale complicating chronic bronchitis and emphysema. The Lancet 
1981; 317(8222):681-686. 

233. van Helvoort HAC, Heijdra YF, Heunks LMA, Meijer PLM, Ruitenbeek W, Thijs HMH, 
Dekhuijzen PNR. Supplemental oxygen prevents exercise-induced oxidative stress in muscle-
wasted patients with chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 
2006; 173(10):1122-1129. 

234. Ambrosino N, Simonds A. The clinical management in extremely severe COPD. Respiratory 
Medicine 2007; 101(8):1613-1624. 

235. Ries AL, Bauldoff GS, Carlin BW, Casaburi R, Emery CF, Mahler DA, Make B, Rochester CL, 
ZuWallack R, Herrerias C. Pulmonary rehabilitation: Joint ACCP/AACVPR evidence-based 
clinical practice guidelines. Chest 2007; 131(5_suppl):4S-42. 

236. Garcia-Aymerich J, Lange P, Benet M, Schnohr P, Anto JM. Regular physical activity reduces 
hospital admission and mortality in chronic obstructive pulmonary disease: a population based 
cohort study. Thorax 2006; 61(9):772-778. 

237. Naunheim KS, Wood DE, Mohsenifar Z, Sternberg AL, Criner GJ, DeCamp MM, Deschamps 
CC, Martinez FJ, Sciurba FC, Tonascia J, Fishman AP. Long-term follow-up of patients 
receiving lung-volume-reduction surgery versus medical therapy for severe emphysema by the 
National Emphysema Treatment Trial Research Group. Annals of Thoracic Surgery 2006; 
82(2):431-43. 

238. Martinez FJ, Chang A. Surgical therapy for chronic obstructive pulmonary disease. Seminars in 
respiratory and critical care medicine 2005; 26(2):167-191. 

239. Lin C. Comparison between nocturnal nasal positive pressure ventilation combined with 
oxygen therapy and oxygen monotherapy in patients with severe COPD. Am J Respir Crit Care 
Med 1996; 154:353 - 358. 

240. Gay PC, Hubmayr RD, Stroetz RW. Efficacy of nocturnal nasal ventilation in stable, severe 
chronic obstructive pulmonary disease during a 3-month controlled trial. Mayo Clinic 
Proceedings 1996; 71(6):533-542. 

241. Strumpf D, Millman R, Carlisle C, Grattan L, Ryan S, Erickson A, Hill N. Nocturnal positive-
pressure ventilation via nasal mask in patients with severe chronic obstructive pulmonary 
disease. Am Rev Respir Dis 1991; 144:1234 - 1239. 

242. Budweiser S, Hitzl AP, Joerres RA, Heinemann F, Arzt M, Schroll S, Pfeifer M. Impact of 
noninvasive home ventilation on long-term survival in chronic hypercapnic COPD: a 
prospective observational study. International Journal of Clinical Practice 2007; 61(9):1516-
1522. 

243. Sivasothy P, Smith I, Shneerson J. Mask intermittent positive pressure ventilation in chronic 
hypercapnic respiratory failure due to chronic obstructive pulmonary disease. Eur Respir J 
1998; 11(1):34-40. 

244. Budweiser S, Jorres RA, Riedl T, Heinemann F, Hitzl AP, Windisch W, Pfeifer M. Predictors of 
survival in COPD patients with chronic hypercapnic respiratory failure receiving noninvasive 
home ventilation. Chest 2007; 131(6):1650-1658. 



REFERENCES 
 

161 

245. Quinnell TG, Pilsworth S, Shneerson JM, Smith IE. Prolonged invasive ventilation following 
acute ventilatory failure in COPD: weaning results, survival, and the role of noninvasive 
ventilation. Chest 2006; 129(1):133-139. 

246. Chiang LL, Yu CT, Liu CY, Lo YL, Kuo HP, Lin HC. Six-month nocturnal nasal positive 
pressure ventilation improves respiratory muscle capacity and exercise endurance in patients 
with chronic hypercapnic respiratory failure. Journal of the Formosan Medical Association 
2006; 105(6):459-467. 

247. Windisch W, Kostic S, Dreher M, Virchow JC, Jr, Sorichter S. Outcome of patients with stable 
COPD receiving controlled noninvasive positive pressure ventilation aimed at a maximal 
reduction of PaCO2. Chest 2005; 128(2):657-662. 

248. Windisch W, Vogel M, Sorichter S, Hennings E, Bremer H, Hamm H, Matthys H, Virchow JC. 
Normocapnia during nIPPV in chronic hypercapnic COPD reduces subsequent spontaneous 
PaCO2. Respiratory Medicine 2002; 96(8):572-579. 

249. Jones SE, Packham S, Hebden M, Smith AP. Domiciliary nocturnal intermittent positive 
pressure ventilation in patients with respiratory failure due to severe COPD: long term follow up 
and effect on survival. Thorax 1998; 53(6):495-498. 

250. Perrin C, El Far Y, Vandenbos F, Tamisier R, Dumon M, Lemoigne F, Mouroux J, Blaive B. 
Domiciliary nasal intermittent positive pressure ventilation in severe COPD: effects on lung 
function and quality of life. Eur Respir J 1997; 10(12):2835-2839. 

251. Clini E, Vitacca M, Foglio K, Simoni P, Ambrosino N. Long-term home care programmes may 
reduce hospital admissions in COPD with chronic hypercapnia. Eur Respir J 1996; 9(8):1605-
1610. 

252. Diaz O, Begin P, Torrealba B, Jover E, Lisboa C. Effects of noninvasive ventilation on lung 
hyperinflation in stable hypercapnic COPD. Eur Respir J 2002; 20(6):1490-1498. 

253. Elliott M, Mulvey D, Moxham J, Green M, Branthwaite M. Domiciliary nocturnal nasal 
intermittent positive pressure ventilation in COPD: mechanisms underlying changes in arterial 
blood gas tensions. Eur Respir J 1991; 4:1044 - 1052. 

254. Budweiser S, Heinemann F, Fischer W, Dobroschke J, Pfeifer M. Long-term reduction of 
hyperinflation in stable COPD by non-invasive nocturnal home ventilation. Respiratory 
Medicine 2005; 99(8):976-984. 

255. Windisch W, Budweiser S, Heinemann F, Pfeifer M, Rzehak P. The Severe Respiratory 
Insufficiency Questionnaire was valid for COPD patients with severe chronic respiratory failure. 
Journal of Clinical Epidemiology 2008; 61(8):848-853. 

256. Krachman SL, Quaranta AJ, Berger TJ, Criner GJ. Effects of noninvasive positive pressure 
ventilation on gas exchange and sleep in COPD patients. Chest 1997; 112(3):623-628. 

257. Elliott MW, Simonds AK, Carroll MP, Wedzicha JA, Branthwaite MA. Domiciliary nocturnal 
nasal intermittent positive pressure ventilation in hypercapnic respiratory failure due to chronic 
obstructive lung disease: effects on sleep and quality of life. Thorax 1992; 47(5):342-348. 

258. Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36) - Conceptual-
framework and item selection. Medical Care 1992; 30(6):473-483. 

259. Ware JE, Gandek B, Project I. Overview of the SF-36 Health Survey and the International 
Quality of Life Assessment (IQOLA) Project. Journal of Clinical Epidemiology 1998; 
51(11):903-912. 

260. Simonds A, Elliott M. Outcome of domiciliary nasal intermittent positive pressure ventilation in 
restrictive and obstructive disorders. Thorax 1995; 50:604 - 609. 

261. Windisch W, Freidel K, Schucher B, Baumann H, Wiebel M, Matthys H, Petermann F. 
Evaluation of health-related qualityof life using the MOS 36-Item Short-Form Health Status 
Survey in patients receiving noninvasive positive pressure ventilation. Intensive Care Medicine 
2003; 29(4):615-621. 

262. Windisch W, Freidel K, Schucher B, Baumann H, Wiebel M, Matthys H, Petermann F. The 
Severe Respiratory Insufficiency (SRI) Questionnaire A specific measure of health-related 



REFERENCES 
 

162 

quality of life in patients receiving home mechanical ventilation. Journal of Clinical 
Epidemiology 2003; 56(8):752-759. 

263. Wijkstra PJ, Lacasse Y, Guyatt GH, Casanova C, Gay PC, Meecham Jones J, Goldstein RS. A 
meta-analysis of nocturnal noninvasive positive pressure ventilation in patients with stable 
COPD. Chest 2003; 124(1):337-343. 

264. Roussos C, Koutsoukou A. Respiratory failure. European Respiratory Journal 2003; 
22(S47):3S-14S. 

265. Esteban C, Quintana JM, Moraza J, Aburto M, Egurrola M, España PP, Pérez-Izquierdo J, 
Aguirre U, Aizpiri S, Capelastegui A. Impact of hospitalisations for exacerbations of COPD on 
health-related quality of life. Respiratory Medicine 2009; 103(8):1201-1208. 

266. Benhamou D, Muir JF, Raspaud C, Cuvelier A, Girault C, Portier F, Menard JF. Long-term 
efficiency of home nasal mask ventilation in patients with diffuse bronchiectasis and severe 
chronic respiratory failure - A case-control study. Chest 1997; 112(5):1259-1266. 

267. Piper AJ, Parker S, Torzillo PJ, Sullivan CE, Bye PTP. Nocturnal nasal IPPV stabilizes patients 
with cystic fibrosis and hypercapnic respiratory failure. Chest 1992; 102(3):846-850. 

268. Chu CM, Chan VL, Lin AWN, Wong IWY, Leung WS, Lai CKW. Readmission rates and life 
threatening events in COPD survivors treated with non-invasive ventilation for acute 
hypercapnic respiratory failure. Thorax 2004; 59(12):1020-1025. 

269. Vitacca M, Nava S, Confalonieri M, Bianchi L, Porta R, Clini E, Ambrosino N. The appropriate 
setting of noninvasive pressure support ventilation in stable COPD patients. Chest 2000; 
118(5):1286-1293. 

270. Renston JP, Dimarco AF, Supinski GS. Respiratory muscle rest using nasal bipap ventilation in 
patients with stable severe COPD. Chest 1994; 105(4):1053-1060. 

271. Restrick LJ, Fox NC, Braid G, Ward EM, Paul EA, Wedzicha JA. Comparison of nasal pressure 
support ventilation with nasal intermittent positive pressure ventilation in patients with nocturnal 
hypoventilation. European Respiratory Journal 1993; 6(3):364-370. 

272. Guerin C, Milic-Emili J, Fournier G. Effect of PEEP on work of breathing in mechanically 
ventilated COPD patients. Intensive Care Medicine 2000; 26(9):1207-1214. 

273. Rossi A, Polese G, Brandi G, Conti G. Intrinsic positive end-expiratory pressure (PEEPi). 
Intensive Care Medicine 1995; 21(6):522-536. 

274. Kress JP, O'Connor MF, Schmidt GA. Clinical examination reliably detects intrinsic positive 
end-expiratory pressure in critically ill, mechanically ventilated patients. American Journal of 
Respiratory and Critical Care Medicine 1999; 159(1):290-294. 

275. Glérant JC, Leleu O, Rose D, Mayeux I, Jounieaux V. Oxygen consumption and PEEPe in 
ventilated COPD patients. Respiratory Physiology & Neurobiology 2005; 146(2-3):117-124. 

276. Elliott MW. Domiciliary non-invasive ventilation in stable COPD? Thorax 2009; 64(7):553-556. 

277. Robert D, Argaud L. Clinical review: Long-term noninvasive ventilation. Critical Care 2007; 
11(2):210. 

278. Stokes DC, McBride JT, Wall MA, Erba G, Strieder DJ. Sleep hypoxemia in young adults with 
cystic fibrosis. American Journal of Diseases of Children 1980; 134(8):741-743. 

279. Fraser KL, Tullis DE, Sasson Z, Hyland RH, Thornley KS, Hanly PJ. Pulmonary hypertension 
and cardiac function in adult cystic fibrosis - Role of hypoxemia. Chest 1999; 115(5):1321-
1328. 

280. Belkin RA, Henig NR, Singer LG, Chaparro C, Rubenstein RC, Xie SX, Yee JY, Kotloff RM, 
Lipson DA, Bunin GR. Risk factors for death of patients with cystic fibrosis awaiting lung 
transplantation. American Journal of Respiratory and Critical Care Medicine 2006; 173(6):659-
666. 

281. Kerem E, Reisman J, Corey M, Canny GJ, Levison H. Prediction of mortality in patients with 
cystic fibrosis. New England Journal of Medicine 1992; 326(18):1187-1191. 



REFERENCES 
 

163 

282. Piper AJ, Milross MA, Bye PTP, eds. Sleep and breathing in cystic fibrosis. In: Sleep: a 
comprehensive handbook, ed. T. Lee-Chiong. 2005, John Wiley ans Sons, Inc. 685-692. 

283. Uyan ZS, Ozdemir N, Ersu R, Akpinar I, Keskin S, Cakir E, Karadag B, Karakoc F, Dagli E. 
Factors that correlate with sleep oxygenation in children with cystic fibrosis. Pediatric 
Pulmonology 2007; 42(8):716-722. 

284. Gee L, Abbott J, Hart A, Conway SP, Etherington C, Webb AK. Associations between clinical 
variables and quality of life in adults with cystic fibrosis. Journal of Cystic Fibrosis 2005; 
4(1):59-66. 

285. Britto MT, Kotagal UR, Hornung RW, Atherton HD, Tsevat J, Wilmott RW. Impact of recent 
pulmonary exacerbations on quality of life in patients with cystic fibrosis. Chest 2002; 
121(1):64-72. 

286. Muller NL, Francis PW, Gurwitz D, Levison H, Bryan AC. Mechanism of hemoglobin 
desaturation during rapid-eye-movement sleep in normal subjects and in patients with cystic 
fibrosis. American Review of Respiratory Disease 1980; 121(3):463-469. 

287. Tepper RS, Skatrud JB, Dempsey JA. Ventilation and oxygenation changes during sleep in 
cystic fibrosis. Chest 1983; 84(4):388-393. 

288. Milross MA, Piper AJ, Norman M, Becker HF, Willson GN, Grunstein RR, Sullivan CE, Bye 
PTP. Low-flow oxygen and bilevel ventilatory support - Effects on ventilation during sleep in 
cystic fibrosis. American Journal of Respiratory and Critical Care Medicine 2001; 163(1):129-
134. 

289. Bradley S, Solin P, Wilson J, Johns D, Walters EH, Naughton MT. Hypoxemia and 
hypercapnia during exercise and sleep in patients with cystic fibrosis. Chest 1999; 116(3):647-
654. 

290. Dancey DR, Tullis ED, Heslegrave R, Thornley K, Hanly PJ. Sleep quality and daytime function 
in adults with cystic fibrosis and severe lung disease. European Respiratory Journal 2002; 
19(3):504-510. 

291. Milross MA, Piper AJ, Norman M, Willson GN, Grunstein RR, Sullivan CE, Bye PTP. Predicting 
sleep-disordered breathing in patients with cystic fibrosis. Chest 2001; 120(4):1239-1245. 

292. Naqvi S, Sotelo C, Murry L, Simakajornboon N. Sleep architecture in children and adolescents 
with cystic fibrosis and the association with severity of lung disease. Sleep and Breathing 
2008; 12(1):77-83. 

293. Milross MA, Piper AJ, Norman M, Dobbin CJ, Grunstein RR, Sullivan CE, Bye PT. Subjective 
sleep quality in cystic fibrosis. Sleep Medicine 2002; 3(3):205-12. 

294. Amin R, Bean J, Burklow K, Jeffries J. The relationship between sleep disturbance and 
pulmonary function in stable pediatric cystic fibrosis patients. Chest 2005; 128(3):1357-1363. 

295. Jankelowitz L, Reid KJ, Wolfe L, Cullina J, Zee PC, Jain M. Cystic fibrosis patients have poor 
sleep quality despite normal sleep latency and efficiency. Chest 2005; 127(5):1593-1599. 

296. NOTT Group. Continuous or nocturnal oxygen-therapy in hypoxemic chronic obstructive lung-
disease: a clinical trial. Annals of Internal Medicine 1980; 93(3):391-398. 

297. Flenley DC. Long-term domiciliary oxygen-therapy in chronic hypoxic cor pulmonale 
complicating chronic bronchitis and emphysema. Lancet 1981; 1(8222):681-686. 

298. Moss AJ, Harper WH, Dooley RR, Murray JF, Mack JF. Cor pulmonale in cystic fibrosis of the 
pancreas. Journal of Pediatrics 1965; 67(5):797-807. 

299. Yankaskas JR, Marshall BC, Sufian B, Simon RH, Rodman D. Cystic fibrosis adult care - 
consensus conference report. Chest 2004; 125(1):1S-39S. 

300. Mallory GB, Fullmer JJ, Vaughan DJ. Oxygen therapy for cystic fibrosis. Cochrane Database of 
Systematic Reviews 2005; (4). 

301. Spier S, Rivlin J, Hughes D, Levison H. The effect of oxygen on sleep, blood-gases, and 
ventilation in cystic-fibrosis. American Review of Respiratory Disease 1984; 129(5):712-718. 



REFERENCES 
 

164 

302. Young AC, Wilson JW, Kotsimbos TC, Naughton MT. Randomised placebo controlled trial of 
non-invasive ventilation for hypercapnia in cystic fibrosis. Thorax 2008; 63(1):72-77. 

303. Gozal D. Nocturnal ventilatory support in patients with cystic fibrosis: comparison with 
supplemental oxygen. European Respiratory Journal 1997; 10(9):1999-2003. 

304. Zinman R, Corey M, Coates AL, Canny GJ, Connolly J, Levison H, Beaudry PH. Nocturnal 
home oxygen in the treatment of hypoxemic cystic fibrosis patients. Journal of Pediatrics 1989; 
114(3):368-377. 

305. Frangolias DD, Wilcox PG. Predictability of oxygen desaturation during sleep in patients with 
cystic fibrosis - Clinical, spirometric, and exercise parameters. Chest 2001; 119(2):434-441. 

306. Braggion C, Pradal U, Mastella G. Hemoglobin desaturation during sleep and daytime in 
patients with cystic fibrosis and severe airway obstruction. Acta Paediatrica 1992; 81(12):1002-
1006. 

307. Versteegh FGA, Bogaard JM, Raatgever JW, Stam H, Neijens HJ, Kerrebijn KF. Relationship 
between airway obstruction, desaturation during exercise and nocturnal hypoxemia in cystic 
fibrosis patients. European Respiratory Journal 1990; 3(1):68-73. 

308. Madden BP, Kariyawasam H, Siddiqi AJ, Machin A, Pryor JA, Hodson ME. Noninvasive 
ventilation in cystic fibrosis patients with acute or chronic respiratory failure. European 
Respiratory Journal 2002; 19(2):310-313. 

309. Dobbin CJ, Milross MA, Piper AJ, Sullivan CE, Grunstein RR, Bye PTP. Sequential use of 
oxygen and bi-level ventilation for respiratory failure in cystic fibrosis. Journal of Cystic Fibrosis 
2004; 3(4):237-42. 

310. Padman R, Lawless S, Vonnessen S. Use of BiPAP(R) by nasal mask in the treatment of 
respiratory insufficiency in pediatric patients: preliminary investigation. Pediatric Pulmonology 
1994; 17(2):119-123. 

311. Caronia CG, Silver P, Nimkoff L, Gorvoy J, Quinn C, Sagy M. Use of bilevel positive airway 
pressure (BIPAP) in end-stage patients with cystic fibrosis awaiting lung transplantation. 
Clinical Pediatrics 1998; 37(9):555-559. 

312. Fauroux B, Pigeot J, Polkey MI, Isabey D, Clement A, Lofaso F. In vivo physiologic comparison 
of two ventilators used for domiciliary ventilation in children with cystic fibrosis. Critical Care 
Medicine 2001; 29(11):2097-2105. 

313. Granton JT, Shapiro C, Kesten S. Noninvasive nocturnal ventilatory support in advanced lung 
disease from cystic fibrosis. Respiratory Care 2002; 47(6):675-81. 

314. Serra A, Polese G, Braggion C, Rossi A. Non-invasive proportional assist and pressure 
support ventilation in patients with cystic fibrosis and chronic respiratory failure. Thorax 2002; 
57(1):50-54. 

315. Fauroux B, Le Roux E, Ravilly S, Bellis G, Clement A. Long-term noninvasive ventilation in 
patients with cystic fibrosis. Respiration 2008; 76(2):168-174. 

316. Fauroux B, Boule M, Lofaso F, Zerah F, Clement A, Harf A, Isabey D. Chest physiotherapy in 
cystic fibrosis: improved tolerance with nasal pressure support ventilation. Pediatrics 1999; 
103(3):e32. 

317. Holland AE, Denehy L, Ntoumenopoulos G, Naughton MT, Wilson JW. Non-invasive ventilation 
assists chest physiotherapy in adults with acute exacerbations of cystic fibrosis. Thorax 2003; 
58(10):880-884. 

318. Hill AT, Edenborough FP, Cayton RM, Stableforth DE. Long-term nasal intermittent positive 
pressure ventilation in patients with cystic fibrosis and hypercapnic respiratory failure (1991-
1996). Respiratory Medicine 1998; 92(3):523-526. 

319. Placidi G, Cornacchia M, Polese G, Zanolla L, Assael BM, Braggion C. Chest physiotherapy 
with a positive airway pressure: A pilot study of short-term effects on sputum clearance in 
patients with cystic fibrosis and severe airway obstruction. Respiratory Care 2006; 
51(10):1145-1153. 



REFERENCES 
 

165 

320. Texereau J, Jamal D, Choukroun G, Burgel PR, Diehl JL, Rabbat A, Loirat P, Parrot A, Duguet 
A, Coste J, Dusser D, Hubert D, Mira JP. Determinants of mortality for adults with cystic 
fibrosis admitted in Intensive Care Unit: a multicenter study. Respiratory Research 2006; 
7(14):10. 

321. Sood N, Paradowski LJ, Yankaskas JR. Outcomes of intensive care unit care in adults with 
cystic fibrosis. American Journal of Respiratory and Critical Care Medicine 2001; 163(2):335-
338. 

322. Hodson ME, Madden BP, Steven MH, Tsang VT, Yacoub MH. Non-invasive mechanical 
ventilation for cystic fibrosis patients - a potential bridge to transplantation. European 
Respiratory Journal 1991; 4(5):524-527. 

323. Ellaffi M, Vinsonneau C, Coste J, Hubert D, Burgel PG, Dhainaut JF, Dusser D. One-year 
outcome after severe pulmonary exacerbation in adults with cystic fibrosis. American Journal 
of Respiratory and Critical Care Medicine 2005; 171(2):158-164. 

324. Efrati O, Modan-Moses D, Barak A, Boujanover Y, Augarten A, Szeinberg A, Levy I, Yahav Y. 
Long-term non-invasive positive pressure ventilation among cystic fibrosis patients awaiting 
lung transplantation. Israel Medical Association Journal 2004; 6(9):527-530. 

325. Haworth CS, Dodd ME, Atkins M, Woodcock AA, Webb AK. Pneumothorax in adults with cystic 
fibrosis dependent on nasal intermittent positive pressure ventilation (NIPPV): a management 
dilemma. Thorax 2000; 55(7):620-622. 

326. Slieker MG, van Gestel JPJ, Heijerman HGM, Tramper-Stranders GA, van Berkhout FT, van 
der Ent CK, Jansen NJG. Outcome of assisted ventilation for acute respiratory failure in cystic 
fibrosis. Intensive Care Medicine 2006; 32(5):754-758. 

327. Fauroux B, Louis B, Hart N, Essouri S, Leroux K, Clement A, Polkey MI, Lofaso F. The effect 
of back-up rate during non-invasive ventilation in young patients with cystic fibrosis. Intensive 
Care Medicine 2004; 30(4):673-681. 

328. Fauroux B, Nicot F, Essouri S, Hart N, Clement A, Polkey MI, Lofaso F. Setting of noninvasive 
pressure support in young patients with cystic fibrosis. European Respiratory Journal 2004; 
24(4):624-630. 

329. Leung P, Jubran A, Tobin MJ. Comparison of assisted ventilator modes on triggering, patient 
effort, and dyspnea. American Journal of Respiratory and Critical Care Medicine 1997; 
155(6):1940-1948. 

330. Holland AE, Denehy L, Buchan CA, Wilson JW. Efficacy of a heated passover humidifier 
during noninvasive ventilation: a bench study. Respiratory Care 2007; 52(1):38-44. 

331. Weese-Mayer DE, Berry-Kravis EM. Genetics of congenital central hypoventilation syndrome - 
Lessons from a seemingly orphan disease. American Journal of Respiratory and Critical Care 
Medicine 2004; 170(1):16-21. 

332. Weese-Mayer DE, Berry-Kravis EM, Zhou LL, Maher BS, Silvestri JM, Curran ME, Marazita 
ML. Idiopathic congenital central hypoventilation syndrome: Analysis of genes pertinent to 
early autonomic nervous system embryologic development and identification of mutations in 
PHOX2b. American Journal of Medical Genetics Part A 2003; 123A(3):267-278. 

333. Huang JT, Colrain IM, Panitch HB, Tapia IE, Schwartz MS, Samuel J, Pepe M, Bandla P, 
Bradford R, Mosse YP, Maris JM, Marcus CL. Effect of sleep stage on breathing in children 
with central hypoventilation. Journal of Applied Physiology 2008; 105(1):44-53. 

334. Vanderlaan M, Holbrook CR, Wang M, Tuell A, Gozal D. Epiderniologic survey of 196 patients 
with Congenital Central Hypoventilation Syndrome. Pediatric Pulmonology 2004; 37(3):217-
229. 

335. Antic NA, Malow BA, Lange N, McEvoy RD, Olson AL, Turkington P, Windisch W, Samuels M, 
Stevens CA, Berry-Kravis EM, Weese-Mayer DE. PHOX2B mutation-confirmed Congenital 
Central Hypoventilation Syndrome: Presentation in adulthood. Am. J. Respir. Crit. Care Med. 
2006; 174(8):923-927. 

336. Wang D, Teichtahl H, Drummer O, Goodman C, Cherry G, Cunnington D, Kronborg I. Central 
sleep apnea in stable methadone maintenance treatment patients. Chest 2005; 128(3):1348-
1356. 



REFERENCES 
 

166 

337. Wang D, Teichtahl H. Opioids, sleep architecture and sleep-disordered breathing. Sleep 
Medicine Reviews 2007; 11(1):35-46. 

338. Eckert DJ, Jordan AS, Merchia P, Malhotra A. Central sleep apnea: pathophysiology and 
treatment. Chest 2007; 131(2):595-607. 

339. Casey KR, Cantillo KO, Brown LK. Sleep-related hypoventilation/hypoxemic syndromes. Chest 
2007; 131(6):1936-1948. 

340. De Backer W. Central sleep apnoea, pathogenesis and treatment: an overview and 
perspective. Eur Respir J 1995; 8(8):1372-1383. 

341. Weese-Mayer DE, Shannon DC, Keens TG, Silvestri JM. Idiopathic congenital central 
hypoventilation syndrome - Diagnosis and management. American Journal of Respiratory and 
Critical Care Medicine 1999; 160(1):368-373. 

342. Farney RJ, Walker JM, Cloward TV, Rhondeau S. Sleep-disordered breathing associated with 
long-term opioid therapy. Chest 2003; 123(2):632-639. 

343. Weese-Mayer DE, Silvestri JM, Menzies LJ, Morrowkenny AS, Hunt CE, Hauptman SA. 
Congenital Central Hypoventilation Syndrome - diagnosis, management, and long-term 
outcome in 32 children. Journal of Pediatrics 1992; 120(3):381-387. 

344. Ramesh P, Boit P, Samuels M. Mask ventilation in the early management of congenital central 
hypoventilation syndrome. Arch. Dis. Child. Fetal Neonatal Ed. 2008; 93(6):F400-403. 

345. Marcus CL, Jansen MT, Poulsen MK, Keens SE, Nield TA, Lipsker LE, Keens TG. Medical and 
psychosocial outcome of children with Congenital Central Hypoventilation Syndrome. Journal 
of Pediatrics 1991; 119(6):888-895. 

346. Hanly PJ. Mechanisms and management of central sleep apnea. Lung 1992; 170(1):1-17. 

347. Weese-Mayer DE, Kenny AS, Bennett HL, Ramirez JM, Leurgans SE. Familial Dysautonomia: 
Frequent, prolonged and severe hypoxemia during wakefulness and sleep. Pediatric 
Pulmonology 2008; 43(3):251-260. 

348. Bradley TD, McNicholas WT, Rutherford R, Popkin J, Zamel N, Phillipson EA. Clinical and 
physiological heterogeneity of the central sleep apnea syndrome. American Review of 
Respiratory Disease 1986; 134(2):217-221. 

349. Trang H, Dehan M, Beaufils F, Zaccaria I, Amiel J, Gaultier C, French CWG. The French 
Congenital Central Hypoventilation Syndrome registry - General data, phenotype, and 
genotype. Chest 2005; 127(1):72-79. 

350. Paton JY, Swaminathan S, Sargent CW, Hawksworth A, Keens TG. Ventilatory response to 
exercise in children with Congenital Central Hypoventilation Syndrome. American Review of 
Respiratory Disease 1993; 147(5):1185-1191. 

351. Chen ML, Turkel SB, Jacobson JR, Keens TG. Alcohol use in congenital central 
hypoventilation syndrome. Pediatric Pulmonology 2006; 41(3):283-285. 

352. Lanfranchi PA, Somers VK, Braghiroli A, Corra U, Eleuteri E, Giannuzzi P. Central sleep apnea 
in left ventricular dysfunction: prevalence and implications for arrhythmic risk. Circulation 2003; 
107(5):727-732. 

353. Badr MS, Toiber F, Skatrud JB, Dempsey J. Pharyngeal narrowing/occlusion during central 
sleep apnea. J Appl Physiol 1995; 78(5):1806-1815. 

354. Arzt M, Floras JS, Logan AG, Kimoff RJ, Series F, Morrison D, Ferguson K, Belenkie I, Pfeifer 
M, Fleetham J, Hanly P, Smilovitch M, Ryan C, Tomlinson G, Bradley TD, for the CANPAP 
Investigators. Suppression of central sleep apnea by continuous positive airway pressure and 
transplant-free survival in heart failure: a post hoc analysis of the Canadian continuous positive 
airway pressure for patients with central sleep apnea and heart failure trial (CANPAP). 
Circulation 2007; 115(25):3173-3180. 

355. Javaheri S, Shukla R, Zeigler H, Wexler L. Central sleep apnea, right ventricular dysfunction, 
and low diastolic blood pressure are predictors of mortality in systolic heart failure. Journal of 
the American College of Cardiology 2007; 49(20):2028-2034. 



REFERENCES 
 

167 

356. Solin P, Bergin P, Richardson M, Kaye DM, Walters EH, Naughton MT. Influence of pulmonary 
capillary wedge pressure on central apnea in heart failure. Circulation 1999; 99(12):1574-1579. 

357. Solin P, Roebuck T, Johns DP, Haydn Walters E, Naughton MT. Peripheral and central 
ventilatory responses in central sleep apnea with and without congestive heart failure. Am. J. 
Respir. Crit. Care Med. 2000; 162(6):2194-2200. 

358. Topor ZL, Vasilakos K, Younes M, Remmers JE. Model based analysis of sleep disordered 
breathing in congestive heart failure. Respiratory Physiology & Neurobiology 2007; 155(1):82-
92. 

359. Yumino D, Bradley TD. Central sleep apnea and Cheyne-Stokes Respiration. Proc Am Thorac 
Soc 2008; 5(2):226-236. 

360. Brack T. Cheyne-Stokes respiration in patients with congestive heart failure. Swiss Medical 
Weekly 2003; 133(45-46):605-610. 

361. Nachtmann A, Siebler M, Rose G, Sitzer M, Steinmetz H. Cheyne-Stokes respiration in 
ischaemic stroke. Neurology 1995; 45(4):820-821. 

362. Khoo MC, Kronauer RE, Strohl KP, Slutsky AS. Factors inducing periodic breathing in humans: 
a general model. J Appl Physiol 1982; 53(3):644-659. 

363. Flemons WW, Buysse D, Redline S, Pack A, Strohl K, Wheatley J, Young T, Douglas N, Levy 
P, McNicholas W, Fleetham J, White D, Schmidt-Nowarra W, Carley D, Romaniuk J, Amer 
Acad Sleep Med Task F. Sleep-related breathing disorders in adults: recommendations for 
syndrome definition and measurement techniques in clinical research. Sleep 1999; 22(5):667-
689. 

364. Gilmartin GS, Daly RW, Thomas RJ. Recognition and management of complex sleep-
disordered breathing. Current Opinion in Pulmonary Medicine 2005; 11(6):485-493. 

365. Morgenthaler TI, Kagramanov V, Hanak V, Decker PA. Complex sleep apnea syndrome: is it a 
unique clinical syndrome? Sleep 2006; 29(9):1203-1209. 

366. Allam JS, Olson EJ, Gay PC, Morgenthaler TI. Efficacy of adaptive servoventilation in 
treatment of complex and central sleep apnea syndromes. Chest 2007; 132(6):1839-1846. 

367. Thomas RJ, Terzano MG, Parrino L, Weiss JW. Obstructive sleep-disordered breathing with a 
dominant cyclic alternating pattern - A recognizable polysomnographic variant with practical 
clinical implications. Sleep 2004; 27(2):229-234. 

368. Hanly P, Zuberi-Khokhar N. Increased mortality associated with Cheyne-Stokes respiration in 
patients with congestive heart failure. Am. J. Respir. Crit. Care Med. 1996; 153(1):272-276. 

369. Lorenzi-Filho G, Azevedo ER, Parker JD, Bradley TD. Relationship of carbon dioxide tension in 
arterial blood to pulmonary wedge pressure in heart failure. Eur Respir J 2002; 19(1):37-40. 

370. Baylor P, Tayloe D, Owen D, Sanders C. Cardiac failure presenting as sleep apnea. 
Elimination of apnea following medical management of cardiac failure. Chest 1988; 
94(6):1298-1300. 

371. Dark D, Pingleton S, Kerby G, Crabb J, Gollub S, Glatter T, Dunn M. Breathing pattern 
abnormalities and arterial oxygen desaturation during sleep in the congestive heart failure 
syndrome. Improvement following medical therapy. Chest 1987; 91(6):833-836. 

372. Walsh JT, Andrews R, Starling R, Cowley AJ, Johnston IDA, Kinnear WJ. Effects of captopril 
and oxygen on sleep apnoea in patients with mild to moderate congestive cardiac failure. 
British Heart Journal 1995; 73(3):237-241. 

373. Sinha AM, Skobel EC, Breithardt OA, Norra C, Markus KU, Breuer C, Hanrath P, Stellbrink C. 
Cardiac resynchronization therapy improves central sleep apnea and Cheyne-Stokes 
respiration in patients with chronic heart failure. Journal of the American College of Cardiology 
2004; 44(1):68-71. 

374. Gabor JY, Newman DA, Barnard-Roberts V, Korley V, Mangat I, Dorian P, Hanly PJ. 
Improvement in Cheyne-Stokes respiration following cardiac resynchronisation therapy. Eur 
Respir J 2005; 26(1):95-100. 



REFERENCES 
 

168 

375. Mansfield DR, Solin P, Roebuck T, Bergin P, Kaye DM, Naughton MT. The effect of successful 
heart transplant treatment of heart failure on central sleep apnea. Chest 2003; 124(5):1675-
1681. 

376. Staniforth AD, Kinnear WJM, Starling R, Hetmanski DJ, Cowley AJ. Effect of oxygen on sleep 
quality, cognitive function and sympathetic activity in patients with chronic heart failure and 
Cheyne-Stokes respiration. Eur Heart J 1998; 19(6):922-928. 

377. Hanly PJ, Millar TW, Steljes DG, Baert R, Frais MA, Kryger MH. The effect of oxygen on 
respiration and sleep in patients with congestive heart failure. Annals of Internal Medicine 
1989; 111(10):777-782. 

378. Andreas S, Clemens C, Sandholzer H, Figulla HR, Kreuzer H. Improvement of exercise 
capacity with treatment of Cheyne-Stokes respiration in patients with congestive heart failure. 
Journal of the American College of Cardiology 1996; 27(6):1486-1490. 

379. Sasayama S, Izumi T, Seino Y, Ueshima K, Asanoi H, Grp C-HS. Effects of nocturnal oxygen 
therapy on outcome measures in patients with chronic heart failure and Cheyne-Stokes 
respiration. Circulation Journal 2006; 70(1):1-7. 

380. Mak S, Egri Z, Tanna G, Colman R, Newton GE. Vitamin C prevents hyperoxia-mediated 
vasoconstriction and impairment of endothelium-dependent vasodilation. Am J Physiol Heart 
Circ Physiol 2002; 282(6):H2414-2421. 

381. Naughton MT, Rahman MA, Hara K, Floras JS, Bradley TD. Effect of continuous positive 
airway pressure on intrathoracic and left ventricular transmural pressures in patients with 
congestive heart failure. Circulation 1995; 91(6):1725-1731. 

382. Kaye DM, Mansfield D, Aggarwal A, Naughton MT, Esler MD. Acute effects of continuous 
positive airway pressure on cardiac sympathetic tone in congestive heart failure. Circulation 
2001; 103(19):2336-2338. 

383. Bradley TD, Holloway RM, McLaughlin PR, Ross BL, Walters J, Liu PP. Cardiac output 
response to continuous positive airway pressure in congestive heart failure. American Review 
of Respiratory Disease 1992; 145(2):377-382. 

384. Arzt M, Bradley TD. Treatment of sleep apnea in heart failure. Am. J. Respir. Crit. Care Med. 
2006; 173(12):1300-1308. 

385. Bradley TD, Logan AG, Kimoff RJ, Series F, Morrison D, Ferguson K, Belenkie I, Pfeifer M, 
Fleetham J, Hanly P, Smilovitch M, Tomlinson G, Floras JS, the CANPAP Investigators. 
Continuous positive airway pressure for central sleep apnea and heart failure. N Engl J Med 
2005; 353(19):2025-2033. 

386. Arzt M, Schulz M, Schroll S, Budweiser S, Bradley TD, Riegger GAJ, Pfeifer M. Time course of 
continuous positive airway pressure effects on central sleep apnoea in patients with chronic 
heart failure. Journal of Sleep Research 2009; 18(1):20-25. 

387. Willson GN, Wilcox I, Piper AJ, Flynn WE, Norman M, Grunstein RR, Sullivan CE. Noninvasive 
pressure preset ventilation for the treatment of Cheyne-Stokes respiration during sleep. Eur 
Respir J 2001; 17(6):1250-1257. 

388. Acosta B, DiBenedetto R, Rahimi A, Acosta MF, Cuadra O, Van Nguyen A, Morrow L. 
Hemodynamic effects of noninvasive bilevel positive airway pressure on patients with chronic 
congestive heart failure with systolic dysfunction. Chest 2000; 118(4):1004-1009. 

389. Noda A, Izawa H, Asano H, Nakata S, Hirashiki A, Murase Y, Iino S, Nagata K, Murohara T, 
Koike Y, Yokota M. Beneficial effect of bilevel positive airway pressure on left ventricular 
function in ambulatory patients with idiopathic dilated cardiomyopathy and central sleep apnea-
hypopnea: a preliminary study. Chest 2007; 131(6):1694-1701. 

390. Kasai T, Narui K, Dohi T, Ishiwata S, Yoshimura K, Nishiyama SI, Yamaguchi T, Momomura 
SI. Efficacy of nasal bi-level positive airway pressure in congestive heart failure patients with 
Cheyne-Stokes respiration and central sleep apnea. Circulation Journal 2005; 69(8):913-921. 

391. Johnson KG, Johnson DC. Bilevel positive airway pressure worsens central apneas during 
sleep. Chest 2005; 128(4):2141-2150. 



REFERENCES 
 

169 

392. Kohnlein T, Welte T, Tan LB, Elliott MW. Assisted ventilation for heart failure patients with 
Cheyne-Stokes respiration. Eur Respir J 2002; 20(4):934-941. 

393. Pepperell JCT, Maskell NA, Jones DR, Langford-Wiley BA, Crosthwaite N, Stradling JR, 
Davies RJO. A randomized controlled trial of adaptive ventilation for Cheyne-Stokes breathing 
in heart failure. Am. J. Respir. Crit. Care Med. 2003; 168(9):1109-1114. 

394. Morgenthaler TI, Gay PC, Gordon N, Brown LK. Adaptive servoventilation versus noninvasive 
positive pressure ventilation for central, mixed, and complex sleep apnea syndromes. Sleep 
2007; 30(4):468-475. 

395. Boles J-M, Bion J, Connors A, Herridge M, Marsh B, Melot C, Pearl R, Silverman H, Stanchina 
M, Vieillard-Baron A, Welte T. Weaning from mechanical ventilation. Eur Respir J 2007; 
29(5):1033-1056. 

396. Stauffer J, Fayter N, Graves B, Cromb M, Lynch J, Goebel P. Survival following mechanical 
ventilation for acute respiratory failure in adult men. Chest 1993; 104(4):1222-1229. 

397. Ferrer M, Valencia M, Nicolas JM, Bernadich O, Badia JR, Torres A. Early noninvasive 
ventilation averts extubation failure in patients at risk: a randomized trial. Am. J. Respir. Crit. 
Care Med. 2006; 173(2):164-170. 

398. Nava S, Gregoretti C, Fanfulla F, Squadrone E, Grassi M, Carlucci A, Beltrame F, Navalesi P. 
Noninvasive ventilation to prevent respiratory failure after extubation in high-risk patients. 
Critical Care Medicine 2005; 33(11):2465-2470. 

399. Cuvelier A, Viacroze C, Benichou J, Molano LC, Hellot M-F, Benhamou D, Muir J-F. 
Dependency on mask ventilation after acute respiratory failure in the intermediate care unit. 
Eur Respir J 2005; 26(2):289-297. 

400. Pilcher DV, Bailey MJ, Treacher DF, Hamid S, Williams AJ, Davidson AC. Outcomes, cost and 
long term survival of patients referred to a regional weaning centre. Thorax 2005; 60(3):187-
192. 

401. Schönhofer B, Euteneuer S, Nava S, Suchi S, Köhler D. Survival of mechanically ventilated 
patients admitted to a specialised weaning centre. Intensive Care Medicine 2002; 28(7):908-
916. 

402. Make BJ, Hill NS, Goldberg AI, Bach JR, Criner GJ, Dunne PE, Gilmartin ME, Heffner JE, 
Kacmarek R, Keens TG, McInturff S, O'Donohue WJ, Jr., Oppenheimer EA, Robert D. 
Mechanical ventilation beyond the Intensive Care Unit: report of a consensus conference of the 
American College of Chest Physicians. Chest 1998; 113(5_Supplement):289S-344. 

403. Bigatello LM, Stelfox HT, Berra L, Schmidt U, Gettings EM. Outcome of patients undergoing 
prolonged mechanical ventilation after critical illness. Critical Care Medicine 2007; 
35(11):2491-2497. 

404. Baydur A, Layne E, Aral H, Krishnareddy N, Topacio R, Frederick G, Bodden W. Long term 
non-invasive ventilation in the community for patients with musculoskeletal disorders: 46 year 
experience and review. Thorax 2000; 55(1):4-11. 

405. Baydur A, Kanel G. Tracheobronchomalacia and tracheal hemorrhage in patients with 
Duchenne muscular dystrophy receiving long-term ventilation with uncuffed tracheostomies. 
Chest 2003; 123(4):1307-1311. 

406. Lofaso F, Orlikowski D, Raphael J-C. Ventilatory assistance in patients with Duchenne 
muscular dystrophy. Eur Respir J 2006; 28(3):468-469. 

407. Marchese S, Lo Coco D, Lo Coco A. Outcome and attitudes toward home tracheostomy 
ventilation of consecutive patients: a 10-year experience. Respiratory Medicine 2008; 
102(3):430-436. 

408. Gomez-Merino E, Bach JR. Duchenne muscular dystrophy - Prolongation of life by noninvasive 
ventilation and mechanically assisted coughing. American Journal of Physical Medicine & 
Rehabilitation 2002; 81(6):411-415. 

409. Toussaint M, Steens M, Wasteels G, Soudon P. Diurnal ventilation via mouthpiece: survival in 
end-stage Duchenne patients. Eur Respir J 2006; 28(3):549-555. 



REFERENCES 
 

170 

410. Karakurt S, Fanfulla F, Nava S. Is it safe for patients with chronic hypercapnic respiratory 
failure undergoing home noninvasive ventilation to discontinue ventilation briefly? Chest 2001; 
119(5):1379-1386. 

411. Piper A, Sullivan C. Effects of long-term nocturnal nasal ventilation on spontaneous breathing 
during sleep in neuromuscular and chest wall disorders. Eur Respir J 1996; 9(7):1515-1522. 

412. Hill NS, Eveloff SE, Carlisle CC, Goff SG. Efficacy of nocturnal nasal ventilation in patients with 
restrictive thoracic disease. American Review of Respiratory Disease 1992; 145(2):365-371. 

413. Boitano LJ. Management of airway clearance in neuromuscular disease. Respiratory Care 
2006; 51(8):913-922. 

414. Bach JR, Saporito LR. Criteria for extubation and tracheostomy tube removal for patients with 
ventilatory failure: a different approach to weaning. Chest 1996; 110(6):1566-1571. 

415. Goldberg A, Alba A, Oppenheimer E, Roberts E. Caring for mechanically ventilated patients at 
home. Chest 1990; 98(6):1543. 

416. Lechtzin N, Scott Y, Busse AM, Clawson LL, Kimball R, Wiener CM. Early use of non-invasive 
ventilation prolongs survival in subjects with ALS. Amyotrophic Lateral Sclerosis 2007; 
8(3):185 - 188. 

417. Labanowski M, Schmidt-Nowara W, Guilleminault C. Sleep and neuromuscular disease: 
frequency of sleep-disordered breathing in a neuromuscular disease clinic population. 
Neurology 1996; 47(5):1173-80. 

418. Phillips MF, Smith PE, Carroll N, Edwards RH, Calverley PM. Nocturnal oxygenation and 
prognosis in Duchenne muscular dystrophy. American Journal of Respiratory & Critical Care 
Medicine 1999; 160(1):198-202. 

419. Kirk VG, Flemons WW, Adams C, Rimmer KP, Montgomery MD. Sleep-disordered breathing in 
Duchenne muscular dystrophy: a preliminary study of the role of portable monitoring. Pediatric 
Pulmonology 2000; 29(2):135-40. 

420. O'Donoghue FJ, Catcheside PG, Ellis EE, Grunstein RR, Pierce RJ, Rowland LS, Collins ER, 
Rochford SE, McEvoy RD. Sleep hypoventilation in hypercapnic chronic obstructive pulmonary 
disease: prevalence and associated factors. European Respiratory Journal 2003; 21(6):977-
84. 

421. Weinberg J, Klefbeck B, Borg J, Svanborg E. Polysomnography in chronic neuromuscular 
disease. Respiration 2003; 70(4):349-54. 

422. Piper A. Sleep abnormalities associated with neuromuscular disease: pathophysiology and 
evaluation. Seminars in Respiratory & Critical Care Medicine 2002; 23(3):211-219. 

423. Arnulf I, Similowski T, Salachas F, Garma L, Mehiri S, Attali V, Behin-Bellhesen V, Meininger 
V, Derenne JP. Sleep disorders and diaphragmatic function in patients with amyotrophic lateral 
sclerosis. American Journal of Respiratory & Critical Care Medicine 2000; 161(3):849-56. 

424. Lofaso F, Quera-Salva M. Polysomnography for the management of progressive 
neuromuscular disorders. Eur Respir J 2002; 19:989 - 990. 

425. American Thoracic Society. Standards and indications for cardiopulmonary sleep studies in 
children. American Journal of Respiratory & Critical Care Medicine 1996; 153(2):866-78. 

426. Tan E, Nixon GM, Edwards EA, Tan E, Nixon GM, Edwards EA. Sleep studies frequently lead 
to changes in respiratory support in children. Journal of Paediatrics & Child Health 2007; 43(7-
8):560-3. 

427. Zavorsky GS, Cao J, Mayo NE, Gabbay R, Murias JM, Zavorsky GS, Cao J, Mayo NE, 
Gabbay R, Murias JM. Arterial versus capillary blood gases: a meta-analysis. Respiratory 
Physiology & Neurobiology 2007; 155(3):268-79. 

428. Storre JH, Steurer B, Kabitz H-J, Dreher M, Windisch W. Transcutaneous PCO2 monitoring 
during initiation of noninvasive ventilation*. Chest 2007; 132(6):1810-1816. 

429. Janssens JP, Howarth-Frey C, Chevrolet JC, Abajo B, Rochat T. Transcutaneous PCO2 to 
monitor noninvasive mechanical ventilation in adults: assessment of a new transcutaneous 
PCO2 device. Chest 1998; 113(3):768-73. 



REFERENCES 
 

171 

430. Janssens JP, Perrin E, Bennani I, de Muralt B, Titelion V, Picaud C. Is continuous 
transcutaneous monitoring of PCO2 (TcCO2) over 8 h reliable in adults? Respiratory Medicine 
2001; 95(5):331-5. 

431. Cox M, Kemp R, Anwar S, Athey V, Aung T, Moloney ED. Non-invasive monitoring of CO2 
levels in patients using NIV for AECOPD. Thorax 2006; 61(4):363-4. 

432. Senn O, Clarenbach CF, Kaplan V, Maggiorini M, Bloch KE, Senn O, Clarenbach CF, Kaplan 
V, Maggiorini M, Bloch KE. Monitoring carbon dioxide tension and arterial oxygen saturation by 
a single earlobe sensor in patients with critical illness or sleep apnea. Chest 2005; 
128(3):1291-6. 

433. Hess D. Capnometry and capnography: technical aspects, physiological aspects, and clinical 
applications. Respir Care 1990; 35:557-75. 

434. Jones NJ, Robertson DG, Kane JW. Difference between end-tidal and arterial PCO2 in 
exercise. J Appl Physiol 1979; 47:954-60. 

435. Morley TF, Giamo J, Maroszan E, Bermingham J, Gordon R, Griesback R, Zappasodi SJ, 
Giudice JC. Use of capnography for assessment of the adequacy of alveolar ventilation during 
weaning from mechanical ventilation. Am Rev Respir Dis 1993; 148(2):339-44. 

436. Sanders MH, Kern NB, Costantino JP, Stiller RA, Strollo PJ, Studnicki KA, Coates JA, 
Richards TJ. Accuracy of end-tidal and transcutaneous PCO2 monitoring during sleep. Chest 
1994; 106(2):472-83. 

437. Ragette R, Mellies U, Schwake C, Voit T, Teschler H. Patterns and predictors of sleep 
disordered breathing in primary myopathies. Thorax 2002; 57:724 - 728. 

438. Leith DE. Cough. In: Lung biology in health and disease: Respiratory defense mechanisms, 
part 2, ed. J.D. Brain, D. Proctor, and L. Reid. 1977, Marcel Dekker: New York. 545-92. 

439. Bach J. Mechanical insufflation-exsufflation. Comparison of peak expiratory flows with 
manually assisted and unassisted coughing techniques. Chest 1993; 104(5):1553-1562. 

440. Trebbia G, Lacombe M, Fermanian C, Falaize L, Lejaille M, Louis A, Devaux C, Raphaël JC, 
Lofaso F. Cough determinants in patients with neuromuscular disease. Respiratory Physiology 
& Neurobiology 2005; 146(2-3):291-300. 

441. Bach JR, Ishikawa Y, Kim H. Prevention of pulmonary morbidity for patients with Duchenne 
muscular dystrophy. Chest 1997; 112(4):1024-1028. 

442. Chatwin M, Ross E, Hart N, Nickol AH, Polkey MI, Simonds AK. Cough augmentation with 
mechanical insufflation/exsufflation in patients with neuromuscular weakness. Eur Respir J 
2003; 21(3):502-508. 

443. Tzeng AC, Bach JR. Prevention of pulmonary morbidity for patients with neuromuscular 
disease. Chest 2000; 118(5):1390-1396. 

444. Kang S-W. Pulmonary rehabilitation in patients with neuromuscular disease. Yonsei Medical 
Journal 2006; 47(3):307-314. 

445. Kang SW, Bach JR. Maximum insufflation capacity - Vital capacity and cough flows in 
neuromuscular disease. American Journal of Physical Medicine & Rehabilitation 2000; 
79(3):222-227. 

446. Branson RD. Secretion management in the mechanically ventilated patient. Respir Care 2007; 
52(10):1328-1347. 

447. Bach JR. A comparison of long-term ventilatory support alternatives from the perspective of the 
patient and care giver. Chest 1993; 104(6):1702-1706. 

448. Bach JR. Amyotrophic lateral sclerosis: Predictors for prolongation of life by noninvasive 
respiratory aids. Archives of Physical Medicine and Rehabilitation 1995; 76(9):828-832. 

449. Sivasothy P, Brown L, Smith IE, Shneerson JM. Effect of manually assisted cough and 
mechanical insufflation on cough flow of normal subjects, patients with chronic obstructive 
pulmonary disease (COPD), and patients with respiratory muscle weakness. Thorax 2001; 
56(6):438-444. 



REFERENCES 
 

172 

450. Sancho J, Servera E, Diaz J, Marin J. Comparison of peak cough flows measured by 
pneumotachograph and a portable peak flow meter. American Journal of Physical Medicine & 
Rehabilitation 2004; 83(8):608-612. 

451. Kang SW, Kang YS, Moon JH, Yoo TW. Assisted cough and pulmonary compliance in patients 
with Duchenne muscular dystrophy. Yonsei Medical Journal 2005; 46(2):233-238. 

452. Kang S-W, Bach JR. Maximum insufflation capacity. Chest 2000; 118(1):61-65. 

453. Bach J. Update and perspective on noninvasive respiratory muscle aids. Part 2: The expiratory 
aids. Chest 1994; 105(5):1538-1544. 

454. Homnick DN. Mechanical insufflation-exsufflation for airway mucus clearance. Respiratory 
Care 2007; 52(10):1296-1307. 

455. CoughAssist user's guide - models CA-3000 and CA-3200. J.H. Emerson Co.: Cambridge, 
Massachusetts. 

456. Gomez-Merino E, Sancho J, Marin J, Servera E, Blasco ML, Belda FJ, Castro C, Bach JR. 
Mechanical insufflation-exsufflation - Pressure volume and flow relationships and the adequacy 
of the manufacturer's guidelines. American Journal of Physical Medicine & Rehabilitation 2002; 
81(8):579-583. 

457. Sancho J, Servera E, Marin J, Vergara P, Belda FJ, Bach JR. Effect of lung mechanics on 
mechanically assisted flows and volumes. American Journal of Physical Medicine & 
Rehabilitation 2004; 83(9):698-703. 

458. Bach JR, Niranjan V, Weaver B. Spinal Muscular Atrophy type 1: a noninvasive respiratory 
management approach. Chest 2000; 117(4):1100-1105. 

459. Bach JR, Baird JS, Plosky D, Navado J, Weaver B. Spinal muscular atrophy type 1: 
Management and outcomes. Pediatric Pulmonology 2002; 34(1):16-22. 

460. Pillastrini P, Bordini S, Bazzocchi G, Belloni G, Menarini M. Study of the effectiveness of 
bronchial clearance in subjects with upper spinal cord injuries: examination of a rehabilitation 
programme involving mechanical insufflation and exsufflation. Spinal Cord 2006; 44(10):614-
616. 

461. Winck JC, Goncalves MR, Lourenco C, Viana P, Almeida J, Bach JR. Effects of mechanical 
insufflation-exsufflation on respiratory parameters for patients with chronic airway secretion 
encumbrance. Chest 2004; 126(3):774-780. 

462. Bach JR. Mechanical insufflation/exsufflation: has it come of age? A commentary. European 
Respiratory Journal 2003; 21(3):385-386. 

463. Sancho J, Servera E, Diaz J, Marin J. Efficacy of mechanical insufflation-exsufflation in 
medically stable patients with amyotrophic lateral sclerosis. Chest 2004; 125(4):1400-1405. 

464. Bach J. Update and perspective on noninvasive respiratory muscle aids. Part 2: The expiratory 
aids. Chest 1994; 105:1538 - 1544. 

465. Miske LJ, Hickey EM, Kolb SM, Weiner DJ, Panitch HB. Use of the mechanical in-exsufflator in 
pediatric patients with neuromuscular disease and impaired cough. Chest 2004; 125(4):1406-
1412. 

466. Suri P, Burns SP, Bach JR. Pneumothorax Associated with Mechanical Insufflation-
Exsufflation and Related Factors. American Journal of Physical Medicine & Rehabilitation 
2008; 87(11):951-955. 

467. American Thoracic Society. Respiratory Care of the Patient with Duchenne Muscular 
Dystrophy: ATS Consensus Statement. Am J Respir Crit Care Med 2004; 170(4):456-465. 

468. Dohna-Schwake C, Podlewski P, Voit T, Mellies U. Non-invasive ventilation reduces 
respiratory tract infections in children with neuromuscular disorders. Pediatric Pulmonology 
2008; 43(1):67-71. 

469. Pryor JA. Physiotherapy for airway clearance in adults. European Respiratory Journal 1999; 
14(6):1418-1424. 



REFERENCES 
 

173 

470. Fink JB. Forced expiratory technique, directed cough, and autogenic drainage. Respir Care 
2007; 52(9):1210-1223. 

471. Moran F, Bradley JM, Jones AP, Piper AJ. Non-invasive ventilation for cystic fibrosis. 
Cochrane Database of Systematic Reviews 2007, Issue 4. Art. No.: CD002769. DOI: 
10.1002/14651858.CD002769.pub2. 

472. Piper AJ, Moran FM. Non-invasive ventilation and the physiotherapist: current state and future 
trends. Physical Therapy Reviews 2006; 11:37-43. 

473. Lellouche FO, Maggiore SM, Deye N, Taille S, Pigeot J, Harf A, Brochard L. Effect of the 
humidification device on the work of breathing during noninvasive ventilation. Intensive Care 
Medicine 2002; 28(11):1582-1589. 

474. Fiorenza D, Vitacca M, Clini E. Hospital monitoring, setting and training for home non invasive 
ventilation. Monaldi Arch Chest Dis 2003; 59(2):119-122. 

475. Leger P, Laier-Groeneveld G. Infrastructure, funding and follow-up in a programme of 
noninvasive ventilation. Eur Respir J 2002; 20(6):1573-1578. 

476. Vitacca M, Escarrabill J, Galavotti G, Vianello A, Prats E, Scala R, Peratoner A, Guffanti E, 
Maggi L, Barbano L, Balbi B. Home mechanical ventilation patients: a retrospective survey to 
identify level of burden in real life. Monaldi Arch Chest Dis 2007; 67(3):142-147. 

477. Langa KM, Fendrick AM, Flaherty KR, Martinez FJ, Kabeto MU, Saint S. Informal caregiving 
for chronic lung disease among older Americans. Chest 2002; 122(6):2197-2203. 

478. Miyasaka K, Suzuki Y, Sakai H, Kondo Y. Interactive communication in high-technology home 
care: Videophones for pediatric ventilatory care. Pediatrics 1997; 99(1):E11-E16. 

479. Vitacca M, Assoni G, Pizzocaro P, Guerra A, Marchina L, Scalvini S, Glisenti F, Spanevello A, 
Bianchi L, Barbano L, Giordano A, Balbi B. A pilot study of nurse-led, home monitoring for 
patients with chronic respiratory failure and with mechanical ventilation assistance. J Telemed 
Telecare 2006; 12(7):337-342. 

480. Tearl DK, Hertzog JH. Home discharge of technology-dependent children: Evaluation of a 
respiratory-therapist driven family education program. Respir Care 2007; 52(2):171-176. 

481. Tearl DK, Cox TJ, Hertzog JH. Hospital discharge of respiratory-technology-dependent 
children: Role of a dedicated respiratory care discharge coordinator. Respiratory Care 2006; 
51(7):744-749. 

482. Lumbierres M, Prats E, Farrero E, Monasterio C, Gracia T, Manresa F, Escarrabill J. 
Noninvasive positive pressure ventilation prevents postoperative pulmonary complications in 
chronic ventilators users. Respiratory Medicine 2007; 101(1):62-68. 

483. Joris JL, Sottiaux TM, Chiche JD, Desaive CJ, Lamy ML. Effect of bi-level positive airway 
pressure (BiPAP) nasal ventilation on the postoperative pulmonary restrictive syndrome in 
obese patients undergoing gastroplasty. Chest 1997; 111(3):665-670. 

484. Doherty MJ, Millner PA, Latham M, Dickson RA, Elliott MW. Non invasive ventilation in the 
treatment of ventilatory failure following corrective spinal surgery. Anaesthesia 2001; 
56(3):235-238. 

485. Leech CJ, Baba R, Dhar M. Spinal anaesthesia and non-invasive positive pressure ventilation 
for hip surgery in an obese patient with advanced chronic obstructive pulmonary disease. Br. J. 
Anaesth. 2007; 98(6):763-765. 

486. Ferguson MK. Preoperative assessment of pulmonary risk. Chest 1999; 115(5):58S-63S. 

487. Smetana GW. Preoperative pulmonary evaluation. N Engl J Med 1999; 340(12):937-944. 

488. Lawrence VA, Dhanda R, Hilsenbeck SG, Page CP. Risk of pulmonary complications after 
elective abdominal surgery. Chest 1996; 110(3):744-750. 

489. Birnkrant DJ, Panitch HB, Benditt JO, Boitano LJ, Carter ER, Cwik VA, Finder JD, Iannaccone 
ST, Jacobson LE, Kohn GL, Motoyama EK, Moxley RT, Schroth MK, Sharma GD, Sussman 
MD. American College of Chest Physicians consensus statement on the respiratory and 
related management of patients with Duchenne muscular dystrophy undergoing anesthesia or 
sedation. Chest 2007; 132(6):1977-1986. 



REFERENCES 
 

174 

490. Birnkrant DJ, Petelenz KM, Ferguson RD, Martin JE, Gordon GJ. Use of the laryngeal mask 
airway in patients with severe muscular dystrophy who require sedation or anesthesia. 
Pediatric Pulmonology 2006; 41(11):1077-1081. 

491. Manzur AY, Kinali M, Muntoni F. Update on the management of Duchenne muscular 
dystrophy. Arch Dis Child 2008; 93(11):986-990. 

492. Iannaccone ST. Modern management of Spinal Muscular Atrophy. J Child Neurol 2007; 
22(8):974-978. 

493. Bach JR. Successful pregnancies for ventilator users. Am J Phys Med Rehabil 2003; 
82(3):226-9. 

494. Gass GD, Olsen GN. Preoperative pulmonary function testing to predict postoperative 
morbidity and mortality. Chest 1986; 89(1):127-135. 

495. Milledge JS, Nunn JF. Criteria of fitness for anesthesia in patients with chronic obstructive lung 
disease. British Medical Journal 1975; 3(5985):670-673. 

496. Kearney DJ, Lee TH, Reilly JJ, Decamp MM, Sugarbaker DJ. Assessment of operative risk in 
patients undergoing lung resection - importance of predicted pulmonary function. Chest 1994; 
105(3):753-759. 

497. Gendall K, Raniga S, Kennedy R, Frizelle F. The impact of obesity on outcome after major 
colorectal surgery. Diseases of the Colon & Rectum 2007; 50(12):2223-2237. 

498. Jubber AS. Respiratory complications of obesity. International Journal of Clinical Practice 
2004; 58(6):573-580. 

499. Damia G, Mascheroni D, Croci M, Tarenzi L. Perioperative changes in functional residual 
capacity in morbidly obese patients. British Journal of Anaesthesia 1988; 60(5):574-578. 

500. Brooks-Brunn JA. Predictors of postoperative pulmonary complications following abdominal 
surgery. Chest 1997; 111(3):564-571. 

501. Eichenberger AS, Proietti S, Wicky S, Frascarolo P, Suter M, Spahn DR, Magnusson L. Morbid 
obesity and postoperative pulmonary atelectasis: An underestimated problem. Anesthesia and 
Analgesia 2002; 95(6):1788-1792. 

502. Jackson CV. Preoperative pulmonary evaluation. Archives of Internal Medicine 1988; 
148(10):2120-2127. 

503. Morris P. Duchenne muscular dystrophy: a challenge for the anaesthetist. Paediatric 
Anaesthesia 1997; 7(1):1-4. 

504. Benditt JO. Full-time noninvasive ventilation: Possible and desirable. Respir Care 2006; 
51(9):1005-1012. 

505. Epstein SK. Late complications of tracheostomy. Respir Care 2005; 50(4):542-549. 

506. Bach J, Alba A, Bohatiuk G, Saporito L, Lee M. Mouth intermittent positive pressure ventilation 
in the management of postpolio respiratory insufficiency. Chest 1987; 91:859 - 864. 

507. Bach J, Alba A, Saporito L. Intermittent positive pressure ventilation via the mouth as an 
alternative to tracheostomy for 257 ventilators users. Chest 1993; 103:174 - 182. 

508. Bach JR, Obrien J, Krotenberg R, Alba AS. Management of end stage respiratory failure in 
Duchenne muscular dystrophy. Muscle & Nerve 1987; 10(2):177-182. 

509. Bach JR. Continuous noninvasive ventilation for patients with neuromuscular disease and 
spinal cord injury. Seminars in Respiratory & Critical Care Medicine 2002; 23(3):283-292. 

510. Kohorst J, Blakely P, Dockter C, Pruit W. AARC Clinical Practice Guideline: Long-term invasive 
mechanical ventilation in the home - 2007 revision & update. Respiratory Care 2007; 
52(8):1056-1062. 

511. Toussaint M, Chatwin M, Soudon P. Review Article: Mechanical ventilation in Duchenne 
patients with chronic respiratory insufficiency: clinical implications of 20 years published 
experience. Chronic Respiratory Disease 2007; 4(3):167-177. 



REFERENCES 
 

175 

512. Mohr CH, Hill NS. Long-term follow-up of nocturnal ventilatory assistance in patients with 
respiratory failure due to Duchenne-type muscular dystrophy. Chest 1990; 97(1):91-96. 

513. Finder J, Birnkrant D, Carl J, Farber H, Gozal D, Iannaccone S, Kovesi T, Kravitz R, Pannitch 
H, Schramm M. Respiratory care of the patient with Duchenne muscular dystrophy: ATS 
consensus statement. Am J Respir Crit Care Med 2004; 170:456 - 465. 

514. Simonds AK. Risk management of the home ventilator dependent patient. Thorax 2006; 
61(5):369-371. 

515. American Thoracic Society. Home mechanical ventilation of pediatric patients. American 
Review of Respiratory Disease 1990; 141(1):258-259. 

516. Farre R, Navajas D, Prats E, Marti S, Guell R, Montserrat JM, Tebe C, Escarrabill J. 
Performance of mechanical ventilators at the patient's home: a multicentre quality control 
study. Thorax 2006; 61(5):400-404. 

517. Farre R, Lloyd-Owen SJ, Ambrosino N, Donaldson G, Escarrabill J, Fauroux B, Robert D, 
Schoenhofer B, Simonds A, Wedzicha JA. Quality control of equipment in home mechanical 
ventilation: a European survey. Eur Respir J 2005; 26(1):86-94. 

518. Srinivasan S, Doty SM, White TR, Segura VH, Jansen MT, Ward SLD, Keens TG. Frequency, 
causes, and outcome of home ventilator failure. Chest 1998; 114(5):1363-1367. 

519. Chatwin M, Heather S, Hanak A, Polkey MI, Simonds AK. Analysis of home support and 
ventilator malfunction in 1211 ventilator dependent patients. Eur Respir J 
2009:09031936.00073409. 

520. Panitch HB. Respiratory issues in the management of children with neuromuscular disease. 
Respir Care 2006; 51(8):885-895. 

521. Downes JJ, Boroughs DS. The transition to adulthood by adolescents with chronic respiratory 
failure: a growing challenge. Caring 2005; 24(9):62-67. 

522. Vanderlaan M, Holbrook CR, Wang M, Tuell A, Gozal D. Epidemiologic survey of 196 patients 
with congenital central hypoventilation syndrome. Pediatric Pulmonology 2004; 37(3):217-229. 

523. American Academy of Pediatrics, American Academy of Family Physicians, American College 
of Physicians-American Society of Internal Medicine. A consensus statement on health care 
transitions for young adults with special health care needs. Pediatrics 2002; 110(6):1304-1306. 

524. Steinbeck KS, Brodie L, Towns SJ. Transition in chronic illness: Who is going where? Journal 
of Paediatrics and Child Health 2008; 44(9):478-482. 

525. Stewart D, Stavness C, King G, Antle B, Law M. A critical appraisal of literature reviews about 
the transition to adulthood for youth with disabilities. Physical & Occupational Therapy in 
Pediatrics 2006; 26(4):5-24. 

526. Rosen DS, Blum RW, Britto M, Sawyer SM, Siegel DM. Transition to adult health care for 
adolescents and young adults with chronic conditions : Position paper of the society for 
adolescent medicine. Journal of Adolescent Health 2003; 33(4):309-311. 

527. The Thoracic Society of Australia and New Zealand. Ventilatory Support at Home for Children. 
A Consensus Statement from the Australasian Paediatric Respiratory Group. 2008: 

http://www.thoracic.org.au/aprghomeventilationguideline.pdf. 

528. Cystic Fibrosis Australia / The Thoracic Society of Australia and New Zealand. Cystic Fibrosis 
Standards of Care, Australia. 2008: http://www.thoracic.org.au/cysticfibrosis01.pdf. 

529. Committee on Care at the End of Life, Institute of Medicine. In. Approaching death: improving 
care at the end of life, ed. M.J. Field and C.K. Cassel. 1997, Washington DC. 

530. Simonds AK. Living and dying with respiratory failure: facilitating decision making. Chronic 
Respiratory Disease 2004; 1(1):56-59. 

531. Selecky PA, Eliasson CAH, Hall RI, Schneider RF, Varkey B, ACCP Ethics Committee, 
McCaffree DR. Palliative and end-of-life care for patients with cardiopulmonary diseases: 
American College of Chest Physicians position statement. Chest 2005; 128(5):3599-3610. 

http://www.thoracic.org.au/aprghomeventilationguideline.pdf�
http://www.thoracic.org.au/cysticfibrosis01.pdf�


REFERENCES 
 

176 

532. Creagh-Brown B, Shee C. Noninvasive ventilation as ceiling of therapy in end-stage chronic 
obstructive pulmonary disease. Chronic Respiratory Disease 2008; 5(3):143-148. 

533. Polkey MI, Lyall RA, Davidson AC, Leigh PN, Moxham J. Ethical and clinical issues in the use 
of home non-invasive mechanical ventilation for the palliation of breathlessness in motor 
neurone disease. Thorax 1999; 54(4):367-371. 

534. Curtis JR, Wenrich MD, Carline JD, Shannon SE, Ambrozy DM, Ramsey PG. Patients' 
perspectives on physician skill in end-of-life care - Differences between patients with COPD, 
cancer, and AIDS. Chest 2002; 122(1):356-362. 

535. Steinhauser KE, Clipp EC, McNeilly M, Christakis NA, McIntyre LM, Tulsky JA. In search of a 
good death: Observations of patients, families, and providers. Annals of Internal Medicine 
2000; 132(10):825-832. 

536. Quill TE, Brody RV. You promised me I wouldnt die like this - a bad death as a medical 
emergency. Archives of Internal Medicine 1995; 155(12):1250-1254. 

537. Curtis JR, Cook DJ, Sinuff T, White DB, Hill N, Keenan SP, Benditt JO, Kacmarek R, Kirchhoff 
KT, Levy MM, Soc Critical Care Med Palliative N. Noninvasive positive pressure ventilation in 
critical and palliative care settings: Understanding the goals of therapy. Critical Care Medicine 
2007; 35(3):932-939. 

538. Emanuel LL, Barry MJ, Stoeckle JD, Ettelson LM, Emanuel EJ. Advance directives for 
medicalcare: a case for greater use. New England Journal of Medicine 1991; 324(13):889-895. 

539. Redinbaugh EM, Sullivan AM, Block SD, Gadmer NM, Lakoma M, Mitchell AM, Seltzer D, 
Wolford J, Arnold RM. Doctors' emotional reactions to recent death of a patient: cross sectional 
study of hospital doctors. British Medical Journal 2003; 327(7408):185-189. 

540. Simonds AK. Ethics and decision making in end stage lung disease. Thorax 2003; 58(3):272-
277. 

541. Johnston M, Earll L, Mitchell E, Morrison V, Wright S. Communicating the diagnosis of motor 
neurone disease. Palliative Medicine 1996; 10(1):23-34. 

542. Albert SM, Murphy PL, Del Bene ML, Rowland LP. Prospective study of palliative care in ALS: 
choice, timing, outcomes. J Neurol Sci 1999; 169(1-2):108-113. 

543. Kinali M, Manzur AY, Mercuri E, Gibson BE, Hartley L, Simonds AK, Muntoni F. UK physicians’ 
attitudes and practices in long-term non-invasive ventilation of Duchenne Muscular Dystrophy. 
Pediatric Rehabilitation 2006; 9(4):351-364. 

544. Lanken PN. Withholding and withdrawing life-sustaining therapy. American Review of 
Respiratory Disease 1991; 144(3):726-731. 

545. Steinhauser AE, Christakis NA, Clipp EC, McNeilly M, McIntyre L, Tulsky JA. Factors 
considered important at the end of life by patients, family, physicians, and other care providers. 
JAMA 2000; 284(19):2476-2482. 

546. Clarke DE, Vaughan L, Raffin TA. Noninvasive positive pressure ventilation for patients with 
terminal respiratory failure: the ethical and economic costs of delaying the inevitable are too 
great. Am J Crit Care 1994; 3(1):4-5. 

547. Kühnlein P, Kübler A, Raubold S, Worrell M, Kurt A, Gdynia H-J, Sperfeld A-D, Ludolph AC. 
Palliative care and circumstances of dying in German ALS patients using non-invasive 
ventilation. Amyotrophic Lateral Sclerosis 2008; 9(2):91 - 98. 

548. Bedell SE, Cadenhead K, Graboys TB. The doctor's letter of condolence. New England 
Journal of Medicine 2001; 344(15):1162-1164. 

549. Health Research and Ethics - NSW Department of Health, Using Advance Care Directives 
(NSW). Document number GL2005_056. 2005. 

550. Simonds AK. Care of end-stage lung disease. Breathe 2006; 2:315-319. 

551. Nava S, Sturani C, Hartl S, Magni G, Ciontu M, Corrado A, Simonds A, European Resp Soc 
Task F. End-of-life decisionmaking in respiratory intermediate care units: a European survey. 
European Respiratory Journal 2007; 30(1):156-164. 



REFERENCES 
 

177 

552. Benditt JO, Smith TS, Tonelli MR. Empowering the individual with ALS at the end-of-life: 
Disease-specific advance care planning. Muscle & Nerve 2001; 24(12):1706-1709. 

553. Brett AS. Limitations of listing specific medical interventions in advance directives. JAMA 1991; 
266(6):825-828. 

554. Tonelli MR. Pulling the plug on living wills - A critical analysis of advance directives. Chest 
1996; 110(3):816-822. 

 

 



 



Page i/3 
 

 


	HomeNIVConsenStat_Page1&BackCover
	HomeNIVConsenStat_pages2-4
	HomeNIVConsenStat_Final4_ToC&Stat
	List of Abbreviations iv
	Executive Summary vii
	Section A:  General Recommendations viii
	19BNEED FOR ASSESSMENT viii
	20BINDICATIONS viii
	21BNocturnal monitoring in the diagnosis and Management of sleep hypoventilation syndromes viii
	22BTITRATION ix
	23BPatient / Carer Education, training AND ACCLIMATISATION ix
	24BREVIEW ix
	25BOUTCOME ix
	26BENTRAINED OXYGEN ix
	27BCOMPLIANCE ix
	28BSAFETY x

	Section B:  Disorder Specific Recommendations x
	29BSLOWLY PROGRESSIVE NEUROMUSCULAR DISORDERS x
	30BSPINAL CORD INJURY x
	31BRAPIDLY PROGRESSIVE NEUROMUSCULAR DISEASE x
	32BCHEST WALL DISORDERS xi
	33BOBESITY HYPOVENTILATION SYNDROME xi
	34BCHRONIC OBSTRUCTIVE PULMONARY DISEASE xi
	35BCYSTIC FIBROSIS xii
	36BHYPERCAPNIC CENTRAL SLEEP APNOEA xii
	37BNON-HYPERCAPNIC CENTRAL SLEEP APNOEA xii
	38BRESPIRATORY INSUFFICIENCY FOLLOWING CATASTROPHIC MEDICAL ILLNESS xiii

	Section C:  Other – Overall Management of Patients  on Domiciliary Ventilation xiii
	39BSECRETION MANAGEMENT IN NEUROMUSCULAR DISEASE xiii
	40BNIV AND RELATED RESPIRATORY MANAGEMENT OF PATIENTS xiii
	41BON DOMICILIARY NIV UNDERGOING ANAESTHESIA OR SEDATION xiii
	42BNOCTURNAL TO CONTINUOUS NIV USE xiv
	43BTRANSITION FROM PAEDIATRIC TO ADULT CARE xiv
	44BPALLIATIVE CARE AND END-OF-LIFE ISSUES FOR PATIENTS ON DOMICILIARY NIV xiv


	Introduction  xv
	BACKGROUND xv
	PURPOSE OF THIS CONSENSUS STATEMENT xv
	CONSULTATION PROCESS xvi
	GRADING RECOMMENDATIONS – LEVELS OF EVIDENCE xvii

	0BChapter 1     Definitions, Modes & Goals of Non-Invasive Ventilation 1
	1.1 DEFINITIONS AND MODES OF NON-INVASIVE VENTILATION 1
	1.2 INTERFACES 2
	1.3 GOALS OF NON-INVASIVE VENTILATION 2

	1BChapter 2      Diagnostic Groups 3
	2BChapter 2.1      Slowly Progressive Neuromuscular Disorders 4
	2.1.1 BACKGROUND 4
	2.1.2 RESPIRATORY FAILURE FROM NEUROMUSCULAR DISEASE 4
	2.1.3 PREDICTING THE DEVELOPMENT OF HYPERCAPNIC RESPIRATORY FAILURE 10
	2.1.4 TREATMENT OPTIONS 12
	2.1.5 OUTCOMES 12
	2.1.6 INDICATIONS FOR NIV 13
	2.1.7 IMPLEMENTATION 14
	2.1.8 TITRATION 16
	2.1.9 FOLLOW UP AND ANCILLARY CARE 16

	3BChapter 2.2      Spinal Cord Injury 20
	2.2.1 BACKGROUND 20
	2.2.2 TREATMENT OPTIONS FOR RESPIRATORY INSUFFICIENCY IN SCI 21
	2.2.3 PREDICTING THE DEVELOPMENT OF NOCTURNAL RESPIRATORY FAILURE IN SCI 22
	2.2.4 OUTCOMES 22
	2.2.5 INDICATIONS FOR NIV 23
	2.2.6 IMPLEMENTATION OF NIV 23
	2.2.7 TITRATION 24
	2.2.8 FOLLOW-UP AND ANCILIARY CARE 25

	4BChapter 2.3      Rapidly Progressive Neuromuscular Disorders 28
	2.3.1 BACKGROUND 28
	2.3.2 RESPIRATORY ASSESSMENT AND SCREENING IN MND 29
	2.3.3 OUTCOMES 31
	2.3.4 INDICATIONS FOR NON-INVASIVE VENTILATION 32
	2.3.5 IMPLEMENTATION AND TITRATION OF NIV 33
	2.3.6 FOLLOW-UP AND ANCILLARY CARE 33
	2.3.7 SPECIFIC ADVANCED CARE INITIATIVES IN MND 34

	5BChapter 2.4      Chest Wall Disorders 38
	2.4.1 BACKGROUND 38
	2.4.2 BASIC INVESTIGATIONS & MEASUREMENTS PREDICTING RESPIRATORY FAILURE 39
	2.4.3 TREATMENT OPTIONS 40
	2.4.4 OUTCOMES OF NIV 40
	2.4.5 INDICATIONS FOR NIV 43
	2.4.6 IMPLEMENTATION 44
	2.4.7 TITRATION OF NIV 44
	2.4.8 FOLLOW UP CARE AND ANCILLARY CARE 45

	6BChapter 2.5      Obesity Hypoventilation Syndrome 47
	2.5.1 BACKGROUND 47
	2.5.2 SCREENING OF PATIENTS TO IDENTIFY OHS 47
	2.5.3 TREATMENT OPTIONS 50
	2.5.4 OUTCOMES 51
	2.5.5 INDICATIONS FOR NIV 53
	2.5.6 IMPLEMENTATION AND TITRATION 53
	2.5.7 FOLLOW UP AND ANCILLARY MANAGEMENT 56

	7BChapter 2.6      Chronic Obstructive Pulmonary Disorder 58
	2.6.1 BACKGROUND 58
	2.6.2 TREATMENT OPTIONS FOR THE MANAGEMENT OF STABLE COPD 59
	2.6.3 OUTCOMES OF NIV 60
	2.6.4 INDICATIONS FOR NIV 64
	2.6.5 IMPLEMENTATION 67
	2.6.6 TITRATION OF NIV 68
	2.6.7 FOLLOW UP CARE AND ANCILLIARY CARE 69

	8BChapter 2.7      Cystic Fibrosis 71
	2.7.1 BACKGROUND 71
	2.7.2 TREATMENT OPTIONS 72
	2.7.3 SCREENING FOR SLEEP DISORDERED BREATHING 72
	2.7.4 OUTCOMES 73
	2.7.5 INDICATIONS FOR NIV 75
	2.7.6 IMPLEMENTATION AND TITRATION OF NON-INVASIVE VENTILATION 76
	2.7.7 ONGOING FOLLOW UP AND ANCILLARY CARE 77

	9BChapter 2.8      Hypercapnic Central Sleep Apnoea / Central Alveolar Hypoventilation 79
	2.8.1 BACKGROUND 79
	2.8.2 SCREENING & INVESTIGATIONS 80
	2.8.3 TREATMENT OPTIONS 80
	2.8.4 OUTCOMES OF NIV IN HYPERCAPNIC CSA 81
	2.8.5 INDICATIONS FOR NIV 82
	2.8.6 TITRATION 82
	2.8.7 FOLLOW-UP AND ANCILLARY CARE 83

	10BChapter 2.9      Non-Hypercapnic Central Sleep Apnoea 86
	2.9.1 BACKGROUND 86
	2.9.2 BASIC INVESTIGATIONS & MEASUREMENTS 87
	2.9.3 TREATMENT OPTIONS AND OUTCOMES 87
	2.9.4 INDICATIONS FOR NIV 90
	2.9.5 TITRATION 90
	2.9.6 FOLLOW UP AND ANCILLARY CARE 90

	11BChapter 2.10      Respiratory Insufficiency Following Catastrophic Medical Illness 92
	2.10.1 BACKGROUND 92
	2.10.2 INDICATIONS 93
	2.10.3 ESTABLISHING THE NEED FOR AND TYPE OF ONGOING VENTILATORY SUPPORT 93
	2.10.4 ONGOING FOLLOW UP AND ANCILLARY CARE 96

	12BChapter 3      Nocturnal Monitoring in the Diagnosis and Management of Sleep Hypoventilation Syndromes 98
	3.1 DIAGNOSIS OF RESPIRATORY FAILURE 98
	3.2 MONITORING DURING TITRATION AND FOLLOW UP OF NIV 98
	3.3 THE ROLE OF CARBON DIOXIDE MONITORING 99
	3.4 DEFINING SLEEP HYPOVENTILATION 100

	13BChapter 4      Secretion Management 101
	4.1 USE OF NON-INVASIVE RESPIRATORY AIDS IN NEUROMUSCULAR  RESPIRATORY WEAKNESS 101
	4.1.1 NON-INVASIVE METHODS TO AUGMENT PEAK EXPIRATORY COUGH FLOWS 102
	4.1.2 MANUAL INSUFFLATION 103
	4.1.3 MANUALLY ASSISTED COUGHING 104
	4.1.4 MECHANICAL IN-EXSUFFLATION 106
	4.1.5 OPTIMISING HOME CARE IN THE CASE OF RESPIRATORY TRACT INFECTION IN PATIENTS WITH    NEUROMUSCULAR DISEASE 109
	4.2 USE OF NON-INVASIVE RESPIRATORY AIDS FOR SPUTUM CLEARANCE TECHNIQUES IN CHRONIC        OBSTRUCTIVE LUNG DISEASES 111
	4.2.1 MECHANICAL IN-EXSUFFLATION IN CHRONIC OBSTRUCTIVE LUNG DISEASE 111
	4.2.2 NON-INVASIVE VENTILATION FOR CHEST-PHYSIOTHERAPY IN CYSTIC FIBROSIS 111

	Chapter 5      Patient / Carer Education & Training 114
	5.1 BACKGROUND & MINIMUM SKILLS TO BE ACQUIRED 114
	5.2 INPATIENT VERSUS OUTPATIENT ACCLIMATISATION 116
	5.3 CARER BURDEN 118

	15BChapter 6     NIV & Respiratory Management of Patients on Domiciliary NIV undergoing   Anaesthesia or Sedation 119
	6.1 BACKGROUND 119
	6.2 EVALUATION AND MANAGEMENT OF PATIENTS WITH CHRONIC RESPIRATORY FAILURE ON NIV REQUIRING A SEDATIVE PROCEDURE OR SURGICAL ANAESTHESIA 122

	16BChapter 7      Nocturnal to Continuous NIV Use 125
	7.1 BACKGROUND 125
	7.2 INDICATIONS FOR TRACHEOSTOMY VENTILATION OVER NIV 126
	7.3 RELATIVE CONTRAINDICATIONS TO CONTINUOUS DOMICILIARY VENTILATION 126
	7.4 PROGRESSION OF NIV FROM NOCTURNAL TO CONTINUOUS VENTILATORY SUPPORT 127
	7.5 OUTCOME OF PATIENTS ON CONTINUOUS NIV 127
	7.6 TYPE OF VENTILATOR FOR CONTINUOUS NIV 127
	7.7 QUALITY CONTROL 127
	7.8 REQUIREMENTS FOR EQUIPMENT, HOME ENVIRONMENT & CARE-GIVER COMPETENCY & SUPPORT FOR   PATIENTS REQUIRING CONTINUOUS NIV SUPPORT 129
	7.8.1 REQUIREMENTS FOR EQUIPMENT (CONTINUOUS NIV) 130
	7.8.2 REQUIREMENTS FOR HOME ENVIRONMENT (CONTINUOUS NIV) 132
	7.8.3 REQUIREMENTS FOR CAREGIVER COMPETENCY AND SUPPORT (CONTINUOUS NIV) 132

	17BChapter 8      Transition from Paediatric to Adult Care 134
	8.1 TRANSITION FROM PAEDIATRIC TO ADULT CARE 134

	18BChapter 9      Palliative Care & End-Of-Life  Issues for Patients on Domiciliary NIV 137
	9.1 BACKGROUND 137
	9.2 COMMENCING PALLIATIVE CARE AND END-OF-LIFE DISCUSSIONS 137
	9.3 WHEN TO STOP NIV 140
	9.4 USES OF NIV IN PALLIATIVE OR END-OF-LIFE CARE 142
	9.5 WHEN NIV IS USED AS A CEILING TREATMENT 143
	9.6 PRACTICAL ISSUES TO CONSIDER WITH VENTILATION AT END-OF-LIFE 143
	9.7 ADVANCED CARE PLANNING 144

	References  148
	List of Abbreviations
	Executive Summary
	Section A: General Recommendations
	Section B: Disorder Specific Recommendations
	Section C: Other – Overall Management of Patients  on Domiciliary Ventilation

	19BNEED FOR ASSESSMENT
	20BINDICATIONS
	21BNOCTURNAL MONITORING IN THE DIAGNOSIS AND MANAGEMENT OF SLEEP HYPOVENTILATION SYNDROMES
	22BTITRATION
	23BPATIENT / CARER EDUCATION, TRAINING AND ACCLIMATISATION
	24BREVIEW
	25BOUTCOME
	26BENTRAINED OXYGEN
	27BCOMPLIANCE
	28BSAFETY
	29BSLOWLY PROGRESSIVE NEUROMUSCULAR DISORDERS
	30BSPINAL CORD INJURY
	31BRAPIDLY PROGRESSIVE NEUROMUSCULAR DISEASE
	32BCHEST WALL DISORDERS 
	33BOBESITY HYPOVENTILATION SYNDROME
	34BCHRONIC OBSTRUCTIVE PULMONARY DISEASE 
	35BCYSTIC FIBROSIS
	36BHYPERCAPNIC CENTRAL SLEEP APNOEA
	37BNON-HYPERCAPNIC CENTRAL SLEEP APNOEA 
	38BRESPIRATORY INSUFFICIENCY FOLLOWING CATASTROPHIC MEDICAL ILLNESS
	39BSECRETION MANAGEMENT IN NEUROMUSCULAR DISEASE
	40BNIV AND RELATED RESPIRATORY MANAGEMENT OF PATIENTS 
	41BON DOMICILIARY NIV UNDERGOING ANAESTHESIA OR SEDATION
	42BNOCTURNAL TO CONTINUOUS NIV USE 
	43BTRANSITION FROM PAEDIATRIC TO ADULT CARE
	44BPALLIATIVE CARE AND END-OF-LIFE ISSUES FOR PATIENTS ON DOMICILIARY NIV
	Introduction
	BACKGROUND
	PURPOSE OF THIS CONSENSUS STATEMENT
	CONSULTATION PROCESS
	GRADING RECOMMENDATIONS – LEVELS OF EVIDENCE
	1.1 DEFINITIONS AND MODES OF NON-INVASIVE VENTILATION
	1.2 INTERFACES
	1.3 GOALS OF NON-INVASIVE VENTILATION
	2.1.1 BACKGROUND
	2.1.2 RESPIRATORY FAILURE FROM NEUROMUSCULAR DISEASE
	2.1.3 PREDICTING THE DEVELOPMENT OF HYPERCAPNIC RESPIRATORY FAILURE
	2.1.4 TREATMENT OPTIONS
	2.1.5 OUTCOMES
	2.1.6 INDICATIONS FOR NIV
	2.1.7 IMPLEMENTATION
	2.1.8 TITRATION
	2.1.9 FOLLOW UP AND ANCILLARY CARE
	2.2.1 BACKGROUND
	2.2.2 TREATMENT OPTIONS FOR RESPIRATORY INSUFFICIENCY IN SCI
	2.2.3 PREDICTING THE DEVELOPMENT OF NOCTURNAL RESPIRATORY FAILURE IN SCI
	2.2.4 OUTCOMES
	2.2.5 INDICATIONS FOR NIV
	2.2.6 IMPLEMENTATION OF NIV
	2.2.7 TITRATION
	2.2.8 FOLLOW-UP AND ANCILIARY CARE
	2.3.1 BACKGROUND
	2.3.2 RESPIRATORY ASSESSMENT AND SCREENING IN MND
	2.3.3 OUTCOMES
	2.3.4 INDICATIONS FOR NON-INVASIVE VENTILATION
	2.3.5 IMPLEMENTATION AND TITRATION OF NIV
	2.3.6 FOLLOW-UP AND ANCILLARY CARE
	2.3.7 SPECIFIC ADVANCED CARE INITIATIVES IN MND
	2.4.1 BACKGROUND
	2.4.2 BASIC INVESTIGATIONS & MEASUREMENTS PREDICTING RESPIRATORY FAILURE
	2.4.3 TREATMENT OPTIONS
	2.4.4 OUTCOMES OF NIV
	2.4.5 INDICATIONS FOR NIV
	2.4.6 IMPLEMENTATION
	2.4.7 TITRATION OF NIV
	2.4.8 FOLLOW UP CARE AND ANCILLARY CARE
	2.5.1 BACKGROUND
	2.5.2 SCREENING OF PATIENTS TO IDENTIFY OHS
	2.5.3 TREATMENT OPTIONS
	2.5.4 OUTCOMES
	2.5.5 INDICATIONS FOR NIV
	2.5.6 IMPLEMENTATION AND TITRATION
	2.5.7 FOLLOW UP AND ANCILLARY MANAGEMENT
	2.6.1 BACKGROUND
	2.6.2 TREATMENT OPTIONS FOR THE MANAGEMENT OF STABLE COPD
	2.6.3 OUTCOMES OF NIV
	2.6.4 INDICATIONS FOR NIV
	2.6.5 IMPLEMENTATION
	2.6.6 TITRATION OF NIV
	2.6.7 FOLLOW UP CARE AND ANCILLIARY CARE
	2.7.1 BACKGROUND
	2.7.2 TREATMENT OPTIONS
	2.7.3 SCREENING FOR SLEEP DISORDERED BREATHING
	2.7.4 OUTCOMES
	2.7.5 INDICATIONS FOR NIV
	2.7.6 IMPLEMENTATION AND TITRATION OF NON-INVASIVE VENTILATION
	2.7.7 ONGOING FOLLOW UP AND ANCILLARY CARE
	2.8.2 SCREENING & INVESTIGATIONS
	2.8.3 TREATMENT OPTIONS
	2.8.4 OUTCOMES OF NIV IN HYPERCAPNIC CSA
	2.8.5 INDICATIONS FOR NIV
	2.8.6 TITRATION
	2.8.7 FOLLOW-UP AND ANCILLARY CARE
	2.9.1 BACKGROUND
	2.9.2 BASIC INVESTIGATIONS & MEASUREMENTS
	2.9.3 TREATMENT OPTIONS AND OUTCOMES
	2.9.4 INDICATIONS FOR NIV
	2.9.5 TITRATION
	2.9.6 FOLLOW UP AND ANCILLARY CARE
	2.10.1 BACKGROUND
	2.10.2 INDICATIONS
	2.10.3 ESTABLISHING THE NEED FOR AND TYPE OF ONGOING VENTILATORY SUPPORT
	2.10.4 ONGOING FOLLOW UP AND ANCILLARY CARE
	3.1 DIAGNOSIS OF RESPIRATORY FAILURE
	3.2 MONITORING DURING TITRATION AND FOLLOW UP OF NIV
	3.3 THE ROLE OF CARBON DIOXIDE MONITORING
	3.4 DEFINING SLEEP HYPOVENTILATION
	4.1 USE OF NON-INVASIVE RESPIRATORY AIDS IN NEUROMUSCULAR  RESPIRATORY WEAKNESS
	4.1.1 NON-INVASIVE METHODS TO AUGMENT PEAK EXPIRATORY COUGH FLOWS
	4.1.2 MANUAL INSUFFLATION
	4.1.3 MANUALLY ASSISTED COUGHING
	4.1.4 MECHANICAL IN-EXSUFFLATION
	4.1.5 OPTIMISING HOME CARE IN THE CASE OF RESPIRATORY TRACT INFECTION IN PATIENTS WITH NEUROMUSCULAR DISEASE
	4.2 USE OF NON-INVASIVE RESPIRATORY AIDS FOR SPUTUM CLEARANCE TECHNIQUES IN CHRONIC OBSTRUCTIVE LUNG DISEASES
	4.2.1 MECHANICAL IN-EXSUFFLATION IN CHRONIC OBSTRUCTIVE LUNG DISEASE
	4.2.2 NON-INVASIVE VENTILATION FOR CHEST-PHYSIOTHERAPY IN CYSTIC FIBROSIS
	5.1 BACKGROUND & MINIMUM SKILLS TO BE ACQUIRED
	5.2 INPATIENT VERSUS OUTPATIENT ACCLIMATISATION
	5.3 CARER BURDEN
	6.1 BACKGROUND
	6.2 EVALUATION AND MANAGEMENT OF PATIENTS WITH CHRONIC RESPIRATORY FAILURE ON NIV REQUIRING A SEDATIVE PROCEDURE OR SURGICAL ANAESTHESIA
	7.1 BACKGROUND
	7.2 INDICATIONS FOR TRACHEOSTOMY VENTILATION OVER NIV
	7.3 RELATIVE CONTRAINDICATIONS TO CONTINUOUS DOMICILIARY VENTILATION
	7.4 PROGRESSION OF NIV FROM NOCTURNAL TO CONTINUOUS VENTILATORY SUPPORT
	7.5 OUTCOME OF PATIENTS ON CONTINUOUS NIV
	7.6 TYPE OF VENTILATOR FOR CONTINUOUS NIV
	7.7 QUALITY CONTROL
	7.8 REQUIREMENTS FOR EQUIPMENT, HOME ENVIRONMENT & CARE-GIVER COMPETENCY & SUPPORT FOR PATIENTS REQUIRING CONTINUOUS NIV SUPPORT
	7.8.1 REQUIREMENTS FOR EQUIPMENT (CONTINUOUS NIV)
	7.8.2 REQUIREMENTS FOR HOME ENVIRONMENT (CONTINUOUS NIV)
	7.8.3 REQUIREMENTS FOR CAREGIVER COMPETENCY AND SUPPORT (CONTINUOUS NIV)
	8.1 TRANSITION FROM PAEDIATRIC TO ADULT CARE
	9.1 BACKGROUND
	9.2 COMMENCING PALLIATIVE CARE AND END-OF-LIFE DISCUSSIONS
	9.3 WHEN TO STOP NIV
	9.4 USES OF NIV IN PALLIATIVE OR END-OF-LIFE CARE
	9.5 WHEN NIV IS USED AS A CEILING TREATMENT
	9.6 PRACTICAL ISSUES TO CONSIDER WITH VENTILATION AT END-OF-LIFE
	9.7 ADVANCED CARE PLANNING

	0BChapter 1    Definitions, Modes & Goals of Non-Invasive Ventilation
	1BChapter 2     Diagnostic Groups
	2BChapter 2.1     Slowly Progressive Neuromuscular Disorders
	45BRECOMMENDATIONS FOR SLOWLY PROGRESSIVE NEUROMUSCULAR DISORDERS

	3BChapter 2.2     Spinal Cord Injury
	46BRECOMMENDATIONS FOR SPINAL CORD INJURY

	4BChapter 2.3     Rapidly Progressive Neuromuscular Disorders
	47BRECOMMENDATIONS FOR RAPIDLY PROGRESSIVE NEUROMUSCULAR DISEASE

	5BChapter 2.4     Chest Wall Disorders
	48BRECOMMENDATIONS FOR CHEST WALL DISORDERS

	6BChapter 2.5     Obesity Hypoventilation Syndrome
	49BRECOMMENDATIONS FOR OBESITY HYPOVENTILATION SYNDROME

	7BChapter 2.6     Chronic Obstructive Pulmonary Disorder
	50BRECOMMENDATIONS FOR CHRONIC OBSTRUCTIVE PULMONARY DISEASE 

	8BChapter 2.7     Cystic Fibrosis
	51BRECOMMENDATIONS FOR CYSTIC FIBROSIS

	9BChapter 2.8     Hypercapnic Central Sleep Apnoea / Central Alveolar Hypoventilation
	52BRECOMMENDATIONS FOR HYPERCAPNIC CENTRAL SLEEP APNOEA

	10BChapter 2.9     Non-Hypercapnic Central Sleep Apnoea
	53BRECOMMENDATIONS FOR NON-HYPERCAPNIC CENTRAL SLEEP APNOEA 

	11BChapter 2.10     Respiratory Insufficiency Following Catastrophic Medical Illness 
	54BRECOMMENDATIONS FOR RESPIRATORY INSUFFICIENCY FOLLOWING CATASTROPHIC MEDICAL ILLNESS

	12BChapter 3     Nocturnal Monitoring in the Diagnosis and Management of Sleep Hypoventilation Syndromes
	55BRECOMMENDATIONS FOR NOCTURNAL MONITORING IN THE DIAGNOSIS AND MANAGEMENT OF SLEEP HYPOVENTILATION SYNDROMES

	13BChapter 4     Secretion Management
	56BRECOMMENDATIONS FOR SECRETION MANAGEMENT IN NEUROMUSCULAR DISEASE
	57BRECOMMENDATIONS FOR NON-INVASIVE RESPIRATORY AIDS IN OBSTRUCTIVE LUNG DISEASES

	Chapter 5     Patient / Carer Education & Training
	58BRECOMMENDATIONS FOR PATIENT / CARER EDUCATION AND TRAINING

	15BChapter 6     NIV & Respiratory Management of Patients on Domiciliary NIV undergoing Anaesthesia or Sedation
	59BRECOMMENDATIONS FOR NIV AND RELATED RESPIRATORY MANAGEMENT OF PATIENTS ON DOMICILIARY NIV UNDERGOING ANAESTHESIA OR SEDATION

	16BChapter 7     Nocturnal to Continuous NIV Use
	60BRECOMMENDATIONS FOR NOCTURNAL TO CONTINUOUS NIV USE 

	17BChapter 8     Transition from Paediatric to Adult Care
	61BRECOMMENDATIONS FOR TRANSITION FROM PAEDIATRIC TO ADULT CARE

	18BChapter 9     Palliative Care & End-Of-Life  Issues for Patients on Domiciliary NIV
	62BRECOMMENDATIONS FOR PALLIATIVE CARE AND END-OF-LIFE ISSUES FOR PATIENTS ON DOMICILIARY NIV

	References


