
8

Received: March 16, 2021
Accepted: March 16, 2021

Correspondence
Fabrizio Rao
Respiratory Unit, NEuroMuscular Omnicentre (NeMO), 
Serena Onlus Foundation, Niguarda Hospital, Piazza 
Ospedale Maggiore 3, 20162 Milan, Italy
E-mail: fabrizio.rao@centrocliniconemo.it

Conflict of interest
The Authors declare no conflict of interest

How to cite this article: Rao F, Garuti G, Vitacca M, 
et al. Management of respiratory complications and 
rehabilitation in individuals with muscular dystrophies: 
1st Consensus Conference report from UILDM - Italian 
Muscular Dystrophy Association (Milan, January 
25-26, 2019). Acta Myol 2021;40:8-42. https://doi.
org/10.36185/2532-1900-045

© Gaetano Conte Academy - Mediterranean Society of 
Myology

  OPEN ACCESS

This is an open access article distributed in accordance 
with the CC-BY-NC-ND (Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International) license. The 
article can be used by giving appropriate credit and mentioning 
the license, but only for non-commercial purposes and 
only in the original version. For further information: https://
creativecommons.org/licenses/by-nc-nd/4.0/deed.en

ACTA MYOLOGICA 2021; XL: p. 8-42
doi:10.36185/2532-1900-045

Respiratory complications are common in the patient with muscular dystro-
phy.  The periodic clinical and instrumental respiratory evaluation is extremely 
important. Despite the  presence in the literature of updated guidelines, patient 
associations often report lack of knowledge of these pathologies, particularly in 
peripheral hospitals. The purpose of this work, inspired by the Italian Muscular 
Dystrophy Association (UILDM) is to improve management of respiratory prob-
lems necessary for the management of these patients complex. To this end, the 
main items that the specialist can meet in the follow-up of these pathologies have 
been analyzed and discussed, among which the respiratory basal evaluation, the 
criteria of adaptation to non-invasive ventilation, management of bronchial secre-
tions, situations of respiratory emergency, indications for tracheostomy and the 
subject of advance directives of treatment (DAT).
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Introduction
Even though the lungs are not directly involved in the 

disease process, respiratory problems are common in neuro-
muscular disease (NMD) patients 1,2. Weakness of inspirato-
ry and expiratory muscles causes decreased ability to expand 
the lungs and impairs alveolar ventilation leading to low 
oxygen and high carbon dioxide blood levels 3. Moreover, 
due to expiratory muscle weakness secretion management is 
also impaired because of ineffective expiratory flow during 
cough; saliva and mucus may accumulate in the upper air-
ways and favour local infections, which may then propagate 
to lower respiratory tract and the lungs 4. 

The extent to which respiratory involvement occurs 
and the pattern of the respiratory tests may change accord-
ing to baseline disease and its progression. A number of 
diseases such as Duchenne Muscular Dystrophy (DMD) 
show a slowly progressive disease course and respiratory 
involvement occurs later on, in the advanced phases of 
the disease. In other diseases such as Facio-Scapolo-Hu-
meral Dystrophy, acute respiratory insufficiency may be 
the presenting symptom 5. Moreover, other diseases, such 
as Myotonic Dystrophies (DM), predominantly show 
breathing disorders during sleep, which may disrupt di-
urnal gas exchange and aggravate centrally-driven symp-
toms such as excessive daytime sleepiness 6.

Standards of care and care recommendations for re-
spiratory management are now available for DMD 7-9 and 
DM1 10 where death occurs primarily due to respiratory 
insufficiency and cardiac problems 11-14. This means that 
clinical centre neurologist and/or pulmonologist may 
have access to theoretical (pathophysiology) and practi-
cal (tests and parameters) information to manage NMD 
patients at best. However, since muscle disorders are rare, 
a doctor may happen to manage a very limited number 
of patients in his/her professional career. In addition, the 
quality of pulmonary function test and patients’ cooper-
ation highly depend on expertise of the technician per-
forming the examination. Finally, access to specialized 
respiratory centres may be difficult for NMD patients and 
their families, causing delayed screening and follow-up 
assessment. 

Finally, as research progresses and new treatments 
for respiratory complications become available, patient 
and family expectations increase: for this reason, it is 
crucial that, all patients may be given the possibility to 
timely access novel respiratory therapies/devices in. Im-
plementation and adherence to standards of care will slow 
down disease progression and will give the opportunity to 
include more patients in clinical trials.

The aim of our study was to describe standards of 
care for the management of respiratory complications in 

NMD patients and address some specific issues which are 
still a matter of controversy. 

Materials and methods
Participants

Thirteen pulmonologists, 1 intensivist, 1 paediatri-
cian, 1 psychologist and 2 respiratory physiotherapists 
with experience in respiratory care of paediatric and adult 
neuromuscular patients, from 16 different Italian sites, 
met in Milan to focus on the practical issues of respira-
tory management in muscular dystrophies in light of the 
existing standards of care for muscular dystrophies such 
as DMD and DM. One neuromuscular specialist was also 
included to integrate the respiratory clinical experience 
with disease-specific neuromuscular features and repre-
sentatives from medical groups such as AIPO (Associ-
azione Italiana Pneumologi Ospedalieri), SIP (Società 
Italiana Pneumologia), SIMRI (Società Italiana Medicina 
Respiratoria Infantile) as well as a patient representative 
were also present.

Methods

The method was inspired by the US NIH Consensus 
Program (http://consensus.nih.gov) and adapted from the 
Methodological Handbook of the Italian National Guide-
line System 15. This was the first Consensus Conference 
organized by the Italian muscular dystrophy association 
(UILDM). All activities were completed between Sep-
tember 2018 and April 2019. Planning and execution 
were carried out in 4 stages: (1) assignment, (2) scoping, 
(3) assessment, and (4) the consensus conference itself. 
The project included 4 workgroups (Box 1a). 

DMD Standards of care implementation survey

In order to assess the level of implementation of re-
spiratory SoC at each of the sites, a survey addressing 
each item described in the DMD SoC documents was 
used and given a score from 0 to 2, where 0 indicated 
that specific aspects were not carried out as described, 
1 indicated that the recommendations were only par-
tially addressed as described and 2 indicated that SoC 
recommendations for that specific item were fully cov-
ered. The results of the survey, described in Figures 
1-3), showed that sleep studies and specifically noctur-
nal oximetry and/or capnography and polysomnography 
were only performed at some sites and, therefore, were 
not implemented as they should have. In addition, the 
assessment of maximal inspiratory and expiratory pres-
sures (MIPs and MEPs) was not performed in the more 
advanced stages of the disease. 

http://consensus.nih.gov
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Outcomes and endpoints

The overall aim of the workshop was to define base-
lines and follow-up respiratory assessments for children and 
adults affected by muscular dystrophy, to raise awareness 
among health professionals working in the acute settings 
that a specific approach is required for patients with mus-
cular dystrophies having acute respiratory problems, while 
also providing caregivers with a practical guidelines for re-
spiratory care. Specific aims of the project were: (i) define 
respiratory tests and procedures to be performed at baseline 
and at follow-up for all patients; (ii) determine criteria for 
starting non-invasive ventilation (NIV); (iii) provide indica-
tions for tracheostomy (IMV); (iv) define a protocol to man-
age acute respiratory insufficiency;(v) describe secretion 
management protocols; (vi) address end-of life protocols. 

Unanimous consent was required to approve the care 
recommendations, protocol or pathway of care. In case of 
uncertainty, the panel agreed to declare that no consensus 
was reached and that further data were needed to define 
management for that specific aspect. 

Respiratory management 
in patients with muscular 
dystrophies

Muscular dystrophies are characterized by progres-
sive loss of skeletal muscle mass and progressive muscle 
weakness. In general, for most of them, respiratory de-
cline becomes more obvious when patients lose ambula-
tion. Weakness of the expiratory muscles causes an inef-

fective cough while weakness of the inspiratory muscles 
and scoliosis contribute to the restrictive ventilatory defi-
cit, leading to hypoventilation, initially only at night-time 
and subsequently, even during the day 16.

a. Respiratory Core data set

Baseline assessments

Look for symptoms of respiratory involvement such 
as those suggestive of hypoventilation (tiredness, short-
ness of breath, morning headaches, fragmented sleep, 

Figure 1. Survey results of participating centres for 
DMD ambulatory stage patients.

Figure 2. Survey results of participating centres for 
DMD early non-ambulatory stage patients.

Figure 3. Survey results of participating centres for 
DMD late non-ambulatory stage patients.

Box 1a. Consensus Conference methods Workgroups.
Scientific Committee (4 members): it planned and or-
ganized the whole project, nominated the Technical 
Committee and Workgroup members, chose the ques-
tions to be answered by the Workgroups, established 
the methods and rules of the Consensus Conference 
and chaired the Consensus Conference.

Technical Commettee (9 members): performed the sys-
tematic review with evidence mapping and assisted 
with defining questions: experts (16 members): synthe-
sized and integrated information, provided shared an-
swers to the proposed questions, and presented their 
findings during the Consensus Conference.

Consensus Development Panel (8 members): estab-
lished the reviewing and presentation procedures and 
provided the final evaluation.

1 Candiani G, Colombo C, Daghini R, et al. Manuale metodo-
logico: come organizzare una conferenza di consenso [online]. 
Rome: Istituto Superiore di Sanità, Sistema Nazionale Linee Gui-
da SNLG; 2009 (http://www.psy.it/wp-content/uploads/2018/02/
Manuale-Metodologico-Consensus.pdf).

http://www.psy.it/wp-content/uploads/2018/02/Manuale-Metodologico-Consensus.pdf
http://www.psy.it/wp-content/uploads/2018/02/Manuale-Metodologico-Consensus.pdf
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excessive daytime sleepiness, concentration difficulties) 
and look for signs of pulmonary impairment (thoracic de-
formities, facial dysmorphism or paradoxical breathing, 
abdomen and thorax asynchronous movements sugges-
tive of respiratory fatigue 17.

Test for respiratory function including sitting FVC 
both as an absolute value and as a percentage of the pre-
dicted value; maximal inspiratory and expiratory pres-
sures (MIP, MEP), expiratory peak cough flow (PCF). 
Assessment of sleep-related breathing disorders (SRBD) 
such as Obstructive Sleep Apnea Syndrome (OSAS) with 
nocturnal oximetry or cardio-respiratory polygraphy. 
Additional tests that can be performed are end-tidal or 
transcutaneous partial pressure of carbon dioxide and ar-
terial blood gas analysis in adults. These tests should be 
performed if SpO2 spot < 95% at RTP (Box 1).

Treat with air stacking exercises if FVC is < of 60% 
of predicted value using a self-inflating manual ventila-
tion bag (AMBU bag) or mechanical insufflation-exsuf-
flation device twice a day 18.

b. Follow-up assessments

The progression of respiratory involvement is variable 
within muscular dystrophies; in many of these such as Beck-
er Muscular Dystrophy (BMD), Facio-scapulo-humeral 
Muscular Dystrophy (FSHD) and most of the Limb-Girdle 
Muscular Dystrophies (LGMD) it usually occurs over years 
and a follow-up is recommended every year. However, respi-
ratory involvement may occur early in the disease and may 
be prominent in LGMD2I (FKRP mutation) or occur only 
later on in LGMD2C-F e LGMD1B 2. In these cases, fol-
low-up should be more frequent and similar to the more ag-
gressive approach in DMD (Box 2). Generally, the follow-up 
should include measurements FVC in sitting and supine and 
PCF, in addition to symptom and suggestive signs of noctur-
nal hypoventilation detection. In case of FVC below 50% of 
the predicted value, or of signs and symptoms of nocturnal 
hypoventilation, nocturnal pulse oximetry or polygraphy are 
necessary. The follow-up timeline will also have to be based 
on the patient’s conditions: if the patient is ambulatory, one 
assessment per year is sufficient, while non-ambulatory pa-
tients will have to be assessed every six months 19,20. 

c. Focus on DMD

Spirometry should be first performed in DMD chil-
dren from 6 years of age and it should be repeated ev-
ery year. Sleep studies should be considered if there is 
weight gain subsequent to steroid treatment or if there are 
symptoms of sleep-related breathing disorders (decreased 
attention at school, irritability, excessive daytime sleep-
iness)  21. Regular vaccinations (flu and pneumococcal) 
should be highly recommended. Caregivers should be 

aware of initial signs of respiratory infections so that care 
can be started promptly.

As disease progresses and adolescents lose the abil-
ity to walk at around a mean age of 13-14 years, respi-
ratory monitoring (pulmonary examination, FVC, PCF, 
nocturnal SpO2) needs to be more frequent, and repeat-
ed every 6 months, specifically looking for symptoms of 
nocturnal hypoventilation. When FVC drops below 60% 
of the predicted value, air stacking techniques need to be 
introduced. Peak cough flow needs to be carefully deter-
mined when FVC drops below 50% of the predicted value 
or MEP is less than 60 cm H2O and if the PCF is less 
than 270  L/min, patient needs close monitoring. In the 
late non-ambulatory stages, the criteria for NIV initiation 
should be re-evaluated every 6 months 8. 

d. Focus on myotonic dystrophies

Respiratory involvement is a typical feature of Myo-
tonic Dystrophy type 1 (DM1), with pneumonia and 
arrhythmias being the main cause of death in these pa-
tients  12-21. Although reports on respiratory involvement 
and how this progresses over time are scanty in patients 
with Myotonic Dystrophy type 2  22, there is a general 
agreement that, although similar to DM1, respiratory in-
volvement is less frequent. 

Congenital Myotonic Dystrophy (CDM): respirato-
ry insufficiency is the main cause of death in CDM and it 

Box 1. Respiratory assessment: core data set.
Symptoms (fatigue, dyspnoea, morning headaches, 
frequent nocturnal awakenings, hypersomnolence, dif-
ficulty concentrating)

Objective signs (thoracic deformities, facial dysmor-
phisms, paradoxical breathing)

Spirometry with FVC, MIP, MEP, PCF

SpO2 spot measure

Nocturnal SpO2 or polygraphy

Additional test: end-tidal or transcutaneous partial 
pressure carbon dioxide

Box 2. DMD and “DMD-like dystrophies” with respira-
tory involvement.
Duchenne Muscular Dystrophy (DMD)
Limb-Girdle Muscular Dystrophy 2I (LGMD2I)
Myofibrillar Myopathies (MFM)
Facioscapulohumeral Dystrophy (FSH) with:
•	 small D4Z4 arrays (< 18 kb)
•	 early onset
•	 moderate/severe disease
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is caused by weakness of the diaphragm and intercostals 
muscles as well as by the failure of cerebral respiratory 
control because of the severe cognitive impairment. Fur-
thermore, the weak facial and oesophagus muscles may 
lead to swallowing inadequacy, and dysphagia mainly for 
liquids resulting in chronic lung inflammation, and/or as-
piration pneumonia 23. 

Paediatric onset myotonic dystrophy: respirato-
ry impairment is less frequent in this group of children 
and adolescents. However, weakness of the respiratory 
muscles may affect the ability to cough, resulting in at-
electasis, chronic lung infections, chronic bronchitis and 
bronchiectasis. Furthermore, as in new-borns, dysphagia 
may be present, and children may not be aware of it, so 
that they may be at risk for aspiration pneumonia.

Adult onset myotonic dystrophy: weakness of the 
respiratory muscles affects the ability to cough, resulting 
in atelectasis, chronic lung infections, chronic bronchitis 
and bronchiectasis. Weakness of the diaphragm and pos-
sibly diaphragmatic and respiratory muscles myotonia 24 
may lead to nocturnal hypoventilation. This condition is 
worsened by sleep apnoea, leading to disrupted sleep, ex-
cessive fatigue, and morning headaches potentially con-
tributing to lethal cardiac arrhythmias. Excessive daytime 
sleepiness (EDS) is in fact one of the most frequent com-
plaints reported in this patient population reaching a prev-
alence of up to 88% in some studies 25-27 and may be the 
presenting symptom of DM1, not infrequently, years pre-
ceding the diagnosis. Although mostly of central origin, 
EDS may coexist with sleep-related breathing disorders 
(SRBD) in some patients with DM1 28. Symptoms relat-
ed to chronic respiratory insufficiency such as nocturnal 
hypoxemia and diurnal hypercapnia may be overlooked 
by the patients themselves probably because these gas 
abnormalities develop slowly, allowing brain/brainstem 
structures to adapt to these changes. It is not infrequent 
to find patients with unusually high levels of daytime hy-
percapnia not complaining of respiratory problems and 
who do not necessarily report EDS 29. Both peripheral and 
central components of EDS can be approached with ex-
isting treatment strategies. NIV is recommended to treat 
nocturnal hypoventilation related to chronic respiratory 
insufficiency but compliance is limited and despite NIV, 
EDS may persist. On the other hand, although off-label, 
modafinil may be used for the central component of EDS.

Late-onset myotonic dystrophy: respiratory im-
pairment is not typically the most frequent complaint al-
though the data on this specific subgroup of patients is 
scanty. The general impression is that disease progression 
may be more rapid than in the adult onset, so that respi-
ratory monitoring is recommended despite the lack of 
symptoms or findings on initial assessments.

Criteria for starting non-invasive 
ventilation (NIV)

A reduction in vital capacity (VC), total lung capacity 
(TLC) and functional residual capacity (FRC) determine 
a respiratory deficiency which has a variable course be-
tween different disorders 30,31. Nocturnal Hypoventilation 
(NH) occurring especially during rapid eye movement 
sleep phase is the first manifestation of chronic respira-
tory insufficiency in neuromuscular disorders (NMD). It 
is unclear which definition of NH best relates to progno-
sis  32,33. A correlation between the reduction of VC and 
progression of sleep disordered breathing has been shown 
in patients with NMD  34. Daytime clinical assessments 
can be unreliable in early detection of respiratory failure 
because clinical symptoms of NH can be insidious and 
not always present 35. Early recognition of NH is very im-
portant because it can progress to daytime hypercapnia 
(partial carbon dioxide pressure [PaCO2] > 45 mmHg in 
arterial blood) or clinical symptoms related to hypoven-
tilation if it is undiagnosed and therefore untreated with 
NIV 36 (Box 3). Well-timed use of NIV is effective to re-
duce NH and its progression towards daytime hypercap-
nia 37. NIV should be started in the presence of daytime 
hypercapnia and/or clinical symptoms as recommended 
in the current guidelines 38-40. NH diagnosis is not easy in 
NMD in which hypoventilation is defined as pCO2 > 50 
mmHg for a period longer than 25% of sleep time  41,42 

and this is because it is specifically studied in the pae-
diatric population. Transcutaneous monitoring of pCO2 
levels could detect NH, even in patients that don’t show 
symptoms and significant nocturnal hypoxaemia 43,44 with 
similar results reported although the study group included 
a much wider population of respiratory restrictive disor-
ders other than NMD. Finally, Ogna et al. 45 demonstrated 
the usefulness of tcPCO2/SpO2 as a NH diagnostic tool 
and suggested that a better definition of the NH thresh-
old is needed. However, it is still not clear if nocturnal 
monitoring can be used as an additional tool to decide 
when to start NIV in clinical setting. Nocturnal polysom-
nography (PSG) and/or pulse oximetry with carbon di-
oxide monitoring were recommended in the 2004 by the 
American Thoracic Society as an indication to NIV for 
DMD (39). However, PSG has some limits, because it is 
not universally available, it is expensive, time consuming 
and not available during routine evaluations 46. Besides, 
PSG attributes apneas and hypopneas only to obstructive 
and central events rather than to inspiratory muscle dys-
function. Assessment of symptoms related to inspiratory 
muscle dysfunction is often delayed in patients affected 
by DMD 47. Unfortunately, night-time ventilation may be 
insufficient, with development of daytime hypercapnia, 
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even when appropriate NIV adjustments are made and a 
vigilant clinical follow-up is done 48.

Critical issues with NIV

Age: patient age at initiation of NIV treatment is a 
prognostic factor, in fact, those patients that require NIV 
before the age of 17 have a worse prognosis than those 
starting NIV at an older age. Due to improvements in re-
spiratory care death by cardiac causes has become more 
common, indicating the need for active cardiology sup-
port as this approach may improve outcome. 

Facial interface: sometimes, young patients do not 
easily accept NIV treatment because there is a poor tol-
erance of the interface, and this can be induced by various 
factors, such as excessive oral air leakage, excessive pres-
sure of the mask on the face, claustrophobia, anxiety (be-
cause sometimes the patient may not be able to call a fami-
ly member), and patient-ventilator dyssynchrony 49. Hence, 
the interface plays an important role in tolerance and use-
fulness of NIV use. Interfaces that cover the nose alone 
or the nose and mouth (oronasal interface) are the most 
universally used; however, they can cause gastric disten-
sion, skin breakdown, conjunctivitis and claustrophobia 50. 
In addition, the application of an oronasal interface can 
worsen social life, since it makes it difficult to eat, drink 
and talk. Besides, this type of mask alters the patient’s per-
ception of himself and may have negative psychological 
effects 51. Mouthpiece ventilation (MPV) via a 15-mm or 
22-mm mouthpiece device is the preferable and more com-
fortable alternative; however, a more active participation 
of the patient is needed in this case. Patients requiring day-
time NIV treatment (Box 4) better accepted the nasal mask 
treatment during the night hours, probably because the use 
of MPV during daytime hours made the patients feel safe, 
and gradually confident enough to be treated with NIV at 
night. The use of the nasal mask and MPV has enabled the 
treatment of patients who had formerly refused nasal, oral 
or oronasal interfaces. The possibility of using a mouth-
piece as first choice interface for patients affected by DMD 
who need to start diurnal NIV treatment should always be 
kept in mind.

NIV monitoring

Once home mechanical ventilation (HMV) is carried 
out, it is required a regular follow-up to assess both opti-
mal tolerance and efficiency of the treatment is required. 
In addition, the measurement of both blood gases and 
HMV monitoring can be performed with more than one 
approach with an increasing level of complexity, start-
ing from simple tools, such as oximetry, and moving to 
the most comprehensive sleep recording systems using 
in-hospital polysomnography 52. Recently a management 
strategy, with a simple initial screening based on noctur-
nal oxygen saturation monitoring (SpO2), followed by 
additional exams when there are pathological findings 
was suggested. Non-invasive transcutaneous measure 
of CO2 (TcCO2) has demonstrated to have acceptable 
accuracy in estimating PaCO2 over numerous hours in 
stable patients treated with HMV 53,54 showing a higher 
sensitivity than SpO2 in finding residual hypoventila-
tion in NMD patients 55,56. Current recommendations re-
garding settings and monitoring of HMV are based on 
expert opinions  57. The European SOMNONIV Group 
suggests the use of an algorithm to monitor HMV, which 
includes oximetry as the first screening step to detect pa-
tients who require further nocturnal exams, and advises 
a mean nocturnal SpO2 over 90% for at least 90% of the 
total recording period as a therapeutic goal. The 2010, 
AASM clinical practice guidelines recommend adjust-
ing the ventilator support if hypoventilation is present 
for ≥ 10 minutes. Recent data showed that TcCO2 can be 
an accurate estimation for PaCO2 in long-term mechan-
ically ventilated patients, with the advantage of finding 
episodes of transient hypoventilation, not detected by 
punctual arterial blood gases analyses. The use of Tc-
CO2 opens the possibility to evaluate the ventilation’s 
usefulness directly and several times at home, allowing 
a simplification in the management of HMV. However, 
although capnometry devices have registered technical 
improvements, TcCO2 accuracy is strongly dependent 
on appropriate handling and knowledge of the equip-
ment and procedures. Risk assessment is an important 
part of discharge planning, and risk will vary according 
to the use of NIV or invasive ventilation, patient’s di-
agnosis, the degree of ventilator dependency, functional 

Box 3. Indications for NIV initiation in DMD muscular 
dystrophy (from Birnkrant DJ et al, Lancet Neurol 2018).
FVC less than 50% predicted value

MIP less than 60 cm H2O

PtcCO2 or petCO2 or paCO2 >/= 45 mm Hg

Baseline SpO2 less than 95% in room air (post airway 
clearance)

Box 4. Daytime NIV options.
Multiple interfaces options (nasal, oro-nasal, mouth-
piece)

Warning skin lesions prevention

IAPV (intermittent abdominal pressure ventilation)

Negative ventilation 
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ability and comorbidities. In a UK study a total of 188 
home visits in 6 months were to analyse home problems 
in 1,200 patients that used predominantly NIV. About 
one-quarter of these problems were caused by the ven-
tilator, while 43 were caused by technical issues (noisy 
equipment and recurrent alarms). No patients died or 
experienced side effects as a result of equipment prob-
lems in these studies. More hospitalizations were seen 
in the “no fault” category, in which patients or caregiv-
ers reported a ventilator malfunction. However, when 
a home visit was performed, a ventilator malfunction 
was not found; a possible explanation of this is that the 
patient had become unwell (usually due to an infective 
exacerbation) and interpreted this event as a ventilator 
problem 58. These findings illustrate that patients, fami-
lies and caregivers require different types of competen-
cies, and shows that a clear problem-solving approach is 
needed in educating home care teams. In this area, the 
increasing competence to provide home telemonitoring 
and to observe data remotely from the ventilator has cre-
ated great interest 59.

Focus on DMD: natural history studies in Duchenne 
muscular dystrophy (DMD), show that patients develop 
respiratory failure. This usually starts as nocturnal hy-
poventilation (NH) 60 and improves with the application 
of nocturnal non-invasive ventilation (NIV)  61,62. If not 
treated, almost 90% of DMD patients die from pulmo-
nary complications associated with respiratory muscle 
weakness between 16 and 19 years of age 63,64. Nowadays, 
with the implementation of SoC, it is not infrequent to 
see that about half of this patient population reaches the 
age of 25.3-30.4 years as reported in four most favourable 
nocturnal NIV studies  65. In DMD patients the vital ca-
pacity (VC) peaks are registered between 9 and 16 years 
of age, and then the VC decreases by 5-10% per year until 
ventilatory support is needed for survival 66. 

Focus on DM: adaptation to NIV is limited in these 
patients. Symptoms related to chronic respiratory in-
sufficiency such as nocturnal hypoxemia and diurnal 
hypercapnia are overlooked by the patients themselves 
probably because these gas abnormalities develop slow-
ly allowing brain/brainstem structures to adapt to these 
changes. When NIV is prescribed as a chronic treatment 
option, compliance is limited mainly because of the lack 
of symptoms immediately related to respiratory involve-
ment and therefore the benefits of NIV use are not per-
ceived in the short-term nor perceived as effective by the 
patients. Fatigue and EDS in fact usually persist despite 
NIV although SRBD improves with NIV constant use. 
The data on the effects of withdrawal and how this affects 
prognosis are still scanty 67-68. 

Indications for tracheostomy 
Use of home non-Invasive Ventilation (NIV) in neu-

romuscular disease (NMD) patients with chronic respira-
tory failure (CRF) may be expected to extend survival by 
many years, improve physiologic function and quality of 
life as well as decrease the frequency of episodes requir-
ing acute care facilities 64. Based on these considerations 
and the fact that safety, comfort, satisfactory speech and 
swallowing have been reported by long-term users, NIV 
should be regarded as the therapy of choice in support-
ing breathing in DMD  69. Nevertheless, a significant 
proportion of DMD individuals are currently prescribed 
tracheostomy ventilation (TV) for home ventilatory care. 
Indeed, recent data published by one of the 14 reference 
centres for NMD in France, showed that 31 out of 150 
DMD patients who had undergone long-term mechanical 
ventilation (LTMV) between 1997 and 2014 had initi-
ated ventilatory assistance via a tracheostomy, although 
mechanical ventilation had increasingly started using a 
non-invasive interface over the course of the study peri-
od 70. In most cases, the decision to perform a tracheosto-
my is taken when NIV becomes ineffective: according to 
recent data collected by MD STARnet, the largest popula-
tion-based surveillance system of individuals with DMD 
and Becker muscular dystrophy (BMD) in the United 
States, approximately 90% of patients had received tra-
cheostomy following NIV treatment failure 71. 

When to perform a tracheostomy?

Placement of a tracheostomy may be considered 
both in the event of a life-threatening acute illness that 
has required invasive management and when a slowly 
progressive ventilatory failure is present. Indeed, al-
though the non-invasive approach, based on the com-
bination of NIV and assisted coughing techniques, in 
particular Mechanical Insufflation–Exsufflation (MI-E), 
should be preferred as a first-line intervention for pa-
tients with DMD during an episode of Acute Respiratory 
Failure (ARF), moving 72 on to invasive ventilation with 
intubation becomes unavoidable in case of NIV failure, 
inability to clear secretions with cough assist and suc-
tioning or the loss of ability to protect the airway with 
high risk of aspiration. Unfortunately 73, once intubated, 
a substantial proportion of NMD patients may encoun-
ter particular difficulties while being liberated from the 
endotracheal tube after recovery from the acute illness, 
due to weakness of the inspiratory muscles, inadequate 
cough and inability to handle oropharyngeal secretions, 
thereby having to switch to a tracheostomy  74. Of no-
tice, a large uncontrolled study unexpectedly reported 
that the standardized use of NIV and cough assistance 
may lead to an effective extubation of the great majority 
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of “unweanable” NMD patients who could not pass a 
spontaneous breathing trial 75.

In DMD patients with chronic, progressive ventilatory 
failure, indications for performing a tracheostomy have not 
been clearly defined 76. According to the consensus confer-
ence of the American College of Chest Physicians, and more 
recently the American Thoracic Society consensus for DMD 
respiratory care 39, severely impaired swallowing, leading to 
chronic aspiration and repeated pneumonia, and/or ineffec-
tive clearing of tracheobronchial secretions, despite the use 
of non-invasive manual or mechanical expiratory aids, have 
been considered to be indications for TV. In current practice, 
no level of pulmonary function or blood-gas abnormality 
absolutely mandates tracheostomy over NIV. However, a 
Vital Capacity (VC) value below 20% predicted, a PaCO

2
 

level above or equal to 45 mmHg during assisted breathing, 
a need for increased ventilation time, and a severe clinical 
status at initiation of NIV, suggest an overall risk of NIV 
failure and the forthcoming need for a tracheostomy 77. Mor-
phologic characteristics of the patient, as difficult intubation 
prediction, and environmental circumstances determining 
the ease or difficulty in using emergency service are to be 
taken into account as well. 

In line with the recent German national guideline for 
treating CRF 78 indications for tracheostomy in NMD pa-
tients have been summarized in Box 5 and Box 6. 

How and where to perform tracheostomy?

Performance of a tracheostomy as an elective proce-
dure by skilled surgeons and follow-up care in special-
ized centres may reduce the risk of early and/or late post-
operative complications 79.

In literature, there are no specific indications about 
tracheostomy implementation, percutaneous or surgi-
cal 80, but it has been agreed by the participants that, in 
case of long- term tracheostomy, the surgical technique is 
preferred. Such indications reflect the need for an easier 
and safer periodic tube change, a lower risk in case of 
stable surgical stoma, reduced accidental decannulations, 
always fearsome when dealing with totally ventilator de-
pendent patients 81. Risk factors that can complicate the 
tracheostomy change include obesity, a short neck, ana-
tomical abnormalities, excessive granulation tissue, lack 
of patient cooperation. In case of tracheostomy recent-
ly performed (in the previous 2 weeks) or in case of an 
anticipated difficult tracheal tube exchange, we suggest 
using the “railroad” technique with a guiding obturator 82.

Impact on patients and family

Once long-term TV is initiated, DMD patients re-
quire special considerations for care. Outcome and pa-

tient comfort are improved with the application of a 
well-conceived management plan including education for 
patients, families, and health-care providers, and by an 
active role by home-care agencies in providing care to 
these patients 83.

Being unable to speak is a major cause of frustration 
for patients with a tracheostomy tube and their families: a 
tracheostomy, however, presents opportunities to promote 
articulated speech. Airflow through the upper airway and 
vocal cords is necessary for voice production: for this rea-
son, partial cuff deflation may allow the patient to speak 
in a whisper during the inspiratory phase of the respira-
tory cycle. Adding a small amount of positive end-expi-
ratory pressure produces a continued air leak and permits 
audible speech throughout the breathing cycle 84. More-
over, subjects with minimal ventilator requirements can 
be ventilated with cuffless tubes that allow a constant air 

Box 5. Indications for tracheostomy in neuromuscular 
disease patients (from Windisch W et al. Respiration 
2018;96:171-203, mod.) 78.
Inability to fit an appropriate ventilation interface

NIV intolerance

NIV inefficiency

Severe bulbar symptoms with recurrent aspiration

Inefficiency of non-invasive secretion management

Failure to switch to NIV after intubation and invasive 
ventilation

Box 6. Recommendations for patients who are expect-
ed to be on long-term IV (from Windisch W et al. Respi-
ration 2018;96:171-203, mod.) 78.
Tracheostomy for long term ventilation should be per-
formed surgically and not percutaneously 

Patients on NIV ≥ 16 hours a day need to be equipped 
with 2 ventilators, one acting as a back-up, and need to 
have an external battery 

Patients need to be equipped with an oximetry machine

Patients need to be provided with an extra tracheosto-
my tube of a smaller diameter than the one in place in 
case the tube gets removed accidentally and needs to 
be promptly replaced at home 

In order to use a speaking valve, patients’ cuff must be 
deflated 

The ventilator needs to be provided with active an hu-
midifier so that the air inspired is sufficiently humified 
and warm

2 suction machines are required 
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leak and the ability to speak. Finally, the use of a one-way 
valve, such as a Passy-Muir valve, allows airflow through 
the tracheostomy tube during inspiration but does not per-
mit air to exit the tracheostomy tube during exhalation. 
When the valve is employed with a cuffless or fenestrated 
tracheostomy tube, expiratory airflow is directed through 
the vocal cords and normal speech is facilitated 85.

A comparison of morbidity and causes of death in a 
number of DMD patients receiving full-time mechanical 
ventilation either by tracheostomy or by NIV, showed that 
the risk of complications was higher in tracheostomized 
compared with NIV patients, in particular mucus hyper-
secretion and tracheal injuries  86. Furthermore, data on 
mortality showed that the risk of death at 12 years does 
not significantly differ between DMD subjects undergo-
ing long-term NIV or TV 87.

In conclusion, the decision to perform a tracheosto-
my in DMD ventilator-dependent individuals is complex 
and involves medical, ethical and financial consider-
ations. Patients giving their consent to its application may 
live at home despite NIV failure.

Secretion management
Respiratory insufficiency and pneumonia are prima-

ry causes of mortality and comorbidity in many NMDs 2. 
Airway clearance techniques (ACT) are an essential com-
ponent to the care of people with NMDs. During acute 
respiratory tract infections, patients with NMDs develop 
dyspnoea, hypercapnia and a reduction in both respirato-
ry muscle strength and lung function 88. 

What is important to control regularly?

Among, the various measurable parameters, the most 
useful, when referring to cough efficacy, are: 
•	 Vital Capacity (VC);
•	 Maximal Insufflation Capacity (MIC);
•	 Peak Cough Flow (PCF).

VC and MIC can be measured by a simple portable 
spirometer or flow meter. MIC, the maximum capacity 
of keeping air in the lungs, starting from vital capacity, 
through air-stacking manoeuvres, represents the best rib 
cage elasticity index: it should be measured when VC is 
below 2000 ml or at 50% of predicted in adults 89. In the 
evaluation of cough efficacy, PCF is the most reliable and 
simple to use assessment at the patient’s bedside 90,91, ref-
erence values are available for children 92 and adults: cut-
off values for cough efficacy in normal adults range from 
360 to 840 L/min  93. The PCF can be easily measured 
with a hand-held flow meter or a pneumotachograph/spi-
rometer 94 using an oro-nasal mask or a mouthpiece  95. 
When the values are higher than 270-300 L/min, they are 
believed to be safe because it is expected that a PCF > 160 

can be maintained during episodes of exacerbation 96. In 
clinical practice, an efficient cough requests a PCF higher 
than 160-200 L/min 97.

What to do when PCF < 270 L/min or VC < 50% or 
< 2000 ml? 

It is important to regularly measure PFC and VC as, 
even in case of significative muscular weakness, the pa-
tient might not experience symptoms in everyday life. 
If PCF values are stably below 270 Litres/minute or VC 
< 50% of predicted or < 2000 ml in an adult patient, it is 
necessary to introduce cough assistance techniques, ei-
ther manual or mechanical. 

a. Manually assisted coughing

Manual cough assistance techniques can assist the 
inspiratory or expiratory phase, or both.

Assisted inspiration

In order to produce an efficient cough, deep inspi-
ration preceding the expiratory phase is essential. The 
quantity of inhaled air can be increased by using an AM-
BU bag in the air-stacking manoeuvre, or by the use of 
mechanical ventilator in volumetric mode, with the in-
halation of one or more consecutive breaths, without 
breathing out, in order to obtain a full deep breath. Some 
patients are able to learn glossopharyngeal breathing 
(GPB), that allows improved air stacking in the absence 
of any respiratory device. 

Assisted expiration

Manual assistance manoeuvre in the cough expirato-
ry phase consists in chest and abdomen compressions by 
the caregiver to improve the expiratory flow and promote 
secretions removal. 

b. Mechanical in-exsufflation

Mechanical in-exsufflation (MI-E) is a very popular 
cough augmentation technique 98. MI-E devices produce 
inspiratory and expiratory assistance. MI-E is well tol-
erated  30 and may be delivered by non-invasive or inva-
sive  99 interfaces. MI-E associated with manual assisted 
coughing, oximetry feedback and home use of non-inva-
sive ventilation was shown to effectively decrease hos-
pitalizations and respiratory complications and mortality 
in a program for patients with amyotrophic lateral scle-
rosis 100.

How to manage deep secretions?

Peripheral ACT incorporates the techniques that aim 
to improve ventilation and enhance mucus transport from 
the bronchi to the upper airways. Different techniques 
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have the potential to loosen secretions and transport them 
from the peripheral to the proximal airways: these include 
High Frequency Chest Wall Oscillations (HFCWO), In-
trapulmonary Percussive Ventilation (IPV), and Chest 
Wall Strapping (CWS)  101. Peripheral ACT does not re-
quire the patient’s co-operation. The use of these tech-
niques is possible in infants, children and adults, even 
in the presence of a tracheostomy and/or bulbar failure 
or intellectual impairment. Carers must know that pe-
ripheral secretions cannot be mobilized in patients who 
have retained proximal airways secretions. Rather, it is 
recommended to use peripheral ACT after more central 
airways are cleaned of secretions by means of proximal 
ACT. In other words, sessions of airway clearance should 
first empty the proximal airways and then, if the patient is 
not too tired, mobilize secretions from the peripheral air-
ways. If patients are exhausted, it is not recommended to 
approach the patient with peripheral ACT because these 
will not be tolerated and cough will be ineffective. This 
could put the patient at risk of having a respiratory arrest 
because of the excess of secretions without being able to 
get rid of them using a cough-machine. Recommenda-
tions to manage secretions are summarized in Box 7.

Management of acute respiratory 
failure

ARF most often occurs during otherwise benign up-
per respiratory tract infections favouring mucous encum-
brance, and further weakening of respiratory muscles 88 or 
in cases of pneumonia, aspiration or atelectasis 73. Other 
causes of ARF in these patients are pneumothorax, fat 
embolism and abuse of sedative drugs 30. Several muscu-
lar dystrophies are associated with dilated cardiomyopa-
thy 102,103, which may cause pulmonary edema and favour 
ARF 39.

A proactive clinical approach should be taken to pre-
vent the onset of ARF and allow carers to recognize signs 
and symptoms potentially leading to ARF early, such as 
increased respiratory rate, tachycardia, tidal volume re-
duction in ventilated patients 9,64,104. 

Admission to the hospital for ARF can be very dis-
ruptive for these patients  105, who could be successfully 
managed at home by experienced and well-trained family 
members and/or healthcare professionals 106. Bach and col-
leagues 96 described a protocol for managing these patients 
at home in case of respiratory tract infections, reporting 
a dramatic reduction in the need for hospitalization and a 
prolongation of life expectancy. More recently, Vianello 
et al. showed that active treatment provided by healthcare 
professionals is an effective alternative to hospital admis-
sion for selected NMD patients with respiratory infec-
tions  107. In particular, during respiratory infection, early 

use of antibiotics is mandatory if pulse oximetry is below 
95% on room air  30. Moreover, according to Bach’s pro-
tocol  96, the patients should receive 24-h NIV during the 
exacerbation. Pulse oximetry should be monitored contin-
uously and when oxygen saturation on room air falls below 
95%, secretion removal should be aggressively induced 
using cough assistance until oxygen saturation returns to 
the 95% range. Oxygen should not be used to correct hy-
poxaemia at home, because it can worsen hypercapnia and 
it does not allow the recognition of a severe hypercapnia 
with the pulse oximetry. Finally, family members should 
be trained to use strict criteria leading to urgent hospital 
admission, and the home treatment protocol should be tai-
lored according to local resources.

If home respiratory management fails, patients must be 
hospitalized 73. Few prospective studies on the management 
of NMD with ARF 109 and some retrospective studies 64,109-112 
reported the successful use of a non-invasive approach (i.e., 
NIV combined with assisted coughing) to improve gas ex-
change abnormalities and avoiding intubation. However, pa-
tient selection remains important for the success of this strat-
egy. In particular, severe bulbar dysfunction increases the 
patient risk for aspiration, and hampers the elimination of 
airway secretions impeding successful use of non-invasive 
approach 108. Close monitoring of these patients is mandato-
ry, and NIV should never delay endotracheal intubation for 
most severe cases 73. Monitoring must be tailored and per-
sonalized according to the clinical and respiratory severity of 
each case. In particular, PaCO2 measurement (i.e., capillary 
CO2 in mild disease and indwelling arterial line in most se-
vere cases) must be included if supplemental oxygen is used 
to correct hypoxemia 113. It follows that these patients should 
be admitted in a unit where medical and nursing staff is ad-

Box 7. Secretion management: recommendations.
PCF and VC assessment are suggested at every follow-
up visit

A spirometer or a hand-held flow meter can be used to 
measure PCF keeping the same type of interface, such 
as oro-nasal mask or mouthpiece, in the following evalu-
ations

The use of MI-E is safe and effective through both inva-
sive and non-invasive interface, in paediatric and adult 
patient

Ending the MI-E session during the inspiratory phase is 
recommended to avoid phenomena of atelectasis, es-
pecially in frail patients

To avoid secretion encumbrances in patients with inef-
fective cough, sessions of secretions removal from cen-
tral airways must be performed before and after periph-
eral ACTs
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equately equipped to apply close monitoring and aggressive 
non-invasive respiratory assistance. Also in this setting the 
continuous presence of well-trained care-givers is important 
for the success of the treatment 73 Caregivers may provide 
continuous care, including repositioning of mask and ad-
ministration of cough machine; otherwise, the presence of 
a skilled nurse is needed, with a nurse-patient ratio of 1:1 104.

If a non-invasive approach fails or is contraindicated, 
patients can be intubated as a short-term measure. In this 
case, assessment for a difficult intubation due to reduced 
mouth opening, macroglossia or limited mobility of the 
cervical spine is very important. If any of these conditions 
are present, intubation should be performed taking into 
account the guidelines for difficult airway management 
avoiding emergency intubation 114.

After recovery from the acute illness, patients with 
muscular dystrophies should be promptly extubated. 
Unfortunately, because of weakness of the inspiratory 
muscles, inadequate cough, and inability to handle oro-
pharyngeal secretions, a substantial proportion of these 
patients fail the weaning process 115. Preventive applica-
tion of NIV combined with assisted coughing after extu-
bation provides a clinically important advantage to these 
patients by avoiding the need for reintubation or trache-
ostomy and shortening their stay in the ICU  116. More-
over, Bach and al. suggest using cough assistance devic-
es before extubation to clear the airways. Once SpO2 is 
maintained > 95% on ambient air, patient should be extu-
bated to full NIV support and aggressive cough machine 
to maintain or return to the SpO2 > 95%. The indication 
for a tracheostomy can be evaluated, but it should not be 
considered in the acute phase. In particular Bach and al. 
suggest to consider tracheostomy only in case of multiple 
failures with the application of the discontinuation pro-
tocol  75. Recommendations suggested for patients with 
muscular dystrophies in case of emergency management 
are summarized in Box 8.

Care choices and advanced 
directives

Although NMDs are uniformly fatal, each has a dif-
ferent life expectancy and disease trajectory that poten-
tially influences health care decisions and raises unique 
ethical concerns. The burden of NMDs is high with con-
sequences requiring repeated and extended hospitaliza-
tions, clinical management and frequent interactions with 
clinicians of many different specialties.

Some of the ethical challenges raised by NMDs in-
clude the choice and effectiveness of life-sustaining ther-
apies and advance care planning: these issues involve 
informed consent and end-of-life care 117.

Palliative care (PC) is an “active and global care of 
patients suffering from diseases that cannot be cured, in or-
der to control pain, dyspnoea and including psychological, 
social and spiritual aspects” 118. The uncertainties that arise 
in caring for NMDs, coupled with the increasing availabil-
ity of therapies and technologies, create complex ethical 
quandaries for families, caregivers, society, school and cli-
nicians. Such quandaries are exacerbated by the certainty 

Box 8. Emergency management: recommendations.
Clinicians must know that the development of respirato-
ry tract infections in patients with muscular dystrophies, 
is a life-threatening event favouring the appearance of 
mucous encumbrance and further weakening of respir-
atory muscles that leads to ARF.

A proactive clinical approach should be taken to rec-
ognize pulmonary problems prior to the onset of res-
piratory compromise. Patients who have a FVC <50% 
of predicted value can be trained to use a protocol that 
provides indications for the use of NIV, cough assistance 
and pulse oximetry in case of respiratory infections. 

NIV combined with mechanically assisted coughing 
has been established as standard practice in patients 
with muscular dystrophies affected by ARF either in the 
outpatient or in the inpatient (hospital). In particular, 
techniques to aid secretion removal must be applied 
aggressively if bronchial encumbrance is present. 

During respiratory exacerbations they can be suc-
cessfully managed at home if family members are well-
trained to use NIV, cough assistance and pulse oximetry. 
Oxygen alone should not be used to correct hypoxemia. 
Early use of antibiotics is mandatory. Family members 
should be trained to use a protocol that defines also 
when patients need urgent hospitalization. This protocol 
should be tailored according to local resources.

If home respiratory management fails, patients with 
muscular dystrophies must be hospitalized and they 
should be placed in a unit where medical and nursing 
staff is adequately equipped for the aggressive man-
agement of these children and close monitoring. Moni-
toring must be tailored and personalized according to 
the clinical severity of each case.

The continuous presence of well-trained parents or 
other care-givers is important for the treatment success 
also in the critical care setting.

The use of NIV should not delay endotracheal intubation 
for most severe cases, avoiding emergency intubation. 

After recovery from the acute illness, patients with mus-
cular dystrophies should be promptly extubated and 
started immediately on NIV and cough assistance. Tra-
cheostomy should not be considered in the acute phase 
and should be considered only in case of multiple fail-
ures of weaning protocol.
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from the time of diagnosis that these diseases are life lim-
iting 117. The most frequent and stressful ethical challenges 
for NMDs occur in regards to ventilator support, ventila-
tory support (benefit vs harm), families wishes to receive 
long-term tracheostomy ventilation  119-121, palliative man-
agement, differences in opinion between family members 
and differences in physician opinions. For NMDs there are 
triggers for referral to palliative care services 122.

In summary, factors influencing patient/family deci-
sions for ethical concerns are local tradition, level of home 
assistance, stress, patient’s age, where they lived, confusion 
about disease severity, internet information bias, variabili-
ty in management across specialties and countries, cases 
reported in the media, paucity of quality-of-life data, lack 
of anticipatory care planning (ACP) resulting in critical de-
cision making. NMDs patients frequently die in ICU and 
acute settings, have a low level of awareness about their 
disease prognosis 123. Italian respiratory units have, only in 
a minority of cases, a clear ACP and palliative/end of life 
plan 124. ACP is the process of communication between indi-
viduals and professional caregivers that includes, but is not 
limited to, options for end-of-life care and the completion 
of advanced directives. Typically, for NMDs and during an 
emergency, decisions may be made by clinicians who are 
unfamiliar with the child, and there is little time for confron-
tation 119. Like other types of preventive medicine, ACP are 
underutilized even though they are cheap, low-tech, and po-
tentially highly effective  125. ACP facilitate the application 
of the proportionality care principle, pain/dyspnoea/anxiety 
treatment, informed consent, doctor/patient relationship, 
psychological assistance and trustee administrator presence. 
On the contrary, ACP could compromise the relationship be-
tween doctor and patient due to the mandatory respect of a 
pure contract; the possibility to refuse incongruous requests 
in the presence of new undefined therapies, the lack of clear 
patient informed competence, the risk of conflict between 
trustee administrator and family and the debate over artificial 
nutrition and hydration as care treatments, may remain unre-
solved problems. Recommendations for advanced directives 
are summarized in Box 9.

Conclusions 
There is increasing evidence of a link between respi-

ratory and mental health  126. In fact, literature suggests 
that in patients with chronic respiratory diseases, the eval-
uation of breathlessness perception, psychological distur-
bances and the recording of any stressful event should be 
considered as relevant as the physical and functional as-
sessment of respiration 127. 

In severe neurological conditions, ventilator users 
can present mainly two types of needs: respiratory relat-
ed needs, including mode of ventilation prescription and 

selection, maintenance of lung recruitment and good air-
way clearance; non-respiratory related needs, including 
substantial nursing care, adequate nutrition, accessible 
communication and psychological support. It is relevant 
to pay attention to all of these needs with the aim to main-
tain patients’ quality of life (Qol) 128. 

A UILDM - Telethon study provides evidence in fa-
vour of an integrated care model for muscular dystrophies 

Box 9. Care choices and advanced directives.
1. A frank, early and individualized conversation is 
mandatory:
Listen and talk to your patients
Consider and imagine their preferences and future

2. Timing of conversation with patients/family:
ICU admission 
Hospitalization for respiratory reasons 
Continuous NIV for more than 16 hours/day 
Persisting hypoxemia during NIV use 
Severe comorbidities (congestive cardiac failure, gas-
tro-intestinal pseudo-obstruction)
Severe malnutrition 
Bulbar symptoms
Recurrent infection and severe malnutrition during tra-
cheostomy ventilation 
Cognitive deficit
Poor family network

3. Push for anticipatory care planning (ACP):
Decisions should be made in advance and not during 
an acute situation
Decisions must be individualized and based on the 
most objective criteria possible
Extend survival improving quality of life and facilitating 
the patient spending as much time as possible at home
ACP can be extended to all life support measures in-
cluding the DNR and withdraw from MV

4. Doctor/team responsibility 
The doctor has the legal and ethical responsibility to 
propose all options treatment including MV
The doctor should avoid personal perception
A multidisciplinary approach is recommended
An ethical committee involvement is welcomed also for 
moral distress and conflicts of conscience
Team training is needed

5. Taking care of end of life time 
Check patient’s physical and psychosocial symptoms
Do not unduly prolong life and suffering
Patients who choose not to resort to MV should receive 
adequate end of life care
Facilitate the presence of family, friendly people and re-
ligious comfort
Consider hospice competencies and palliative care 
consultation services for your patients (“Home hospice” 
care could be preferred) 
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that is suitable for: pharmacological treatment, rehabili-
tative interventions 129, psychological treatments, welfare 
and financial support  130. Medical care of a patient with 
DMD and his family is not complete without support 
for their psychosocial wellbeing  131. The families’ lives 
change significantly with the decision to place their child 
with NMD on HMV because of the experience of a re-
current sense of loss and uncertainty. It would be suitable 
to improve support by health care professionals, their ex-
tended family, and their community, to enable parents to 
fulfil their vital role 132.

Interestingly, parents of paediatric neuromuscular 
patients requiring HMV did not refer significantly higher 
parental stress compared to parents of non-ventilated chil-
dren, despite their children having a lower health-related 
Qol; this data suggests that parents living with a continu-
ous care demand could undergo a progressive adjustment 
process allowing them to consider respiratory care as a 
part of “normal” life, thus without the perception of this 
being an additional source of stress 133.

A number of ethical challenges, or dilemmas, can 
arise alongside treatment progression: the decision-mak-
ing process regarding whom HMV should be offered to, 
respect for patient and family wishes, Qol, dignity and 
equal access to dedicated assistance. Moreover there is 
uncertainty regarding the impacts of HMV on the patient, 
the family, the healthcare services and the allocation of 
resources. A better and broader understanding of these is-
sues is crucial in order to improve the quality of care for 
both patient and family and to assist HMV professionals 
to improve the decision-making process and to keep the 
patient and his or her family highly involved 121. 

Improvement and standardization of care pathways, 
with a better management of comorbidities related to 
neuromuscular diseases, has led to an increase in life ex-
pectancy and an increased number of patients reaching 
adulthood. Adolescence and adulthood are age groups in 
which new and challenging problems may develop. Care 
of children with chronic disorders is often complex, in-
volving a high level of ongoing interaction between care-
givers and the multidisciplinary health care team. 

The transition from childhood to adulthood has there-
fore become an emerging problem that involves medical, 
psychological, social and economic aspects centred on the 
family. An unmanaged, non-standardized transition in-
creases the risk of adverse outcomes. During this critical 
period, these patients are at increased risk for interrupt-
ed health care and related negative health consequences: 
They must cohabit with their progressive disability: de-
creased mobility, decreased independence for hygiene, 
increased needs of technological support. increased sur-
vival rate but at the same time increased morbidity. In 

general, the diagnosis is made in paediatric age and the 
co-morbidities develop starting from adolescence.

It is necessary to develop a standardized multidisci-
plinary transitional program focused on the needs of the 
patient around which the various professionals must grav-
itate. Health care providers and educators are among the 
best facilitators for discussions around health, education, 
sexuality, employment, social development and adult liv-
ing. Therefore, the role of the care coordinator becomes 
fundamental in obtaining the goal of transition which is 
to optimize the quality of life and future potentiality of 
young patients with special health care needs.

Providing guidance on transfer of medical informa-
tion and developing an individualized care plan for these 
children becomes essential to draw up a transition policy 
with planning tools (transition readiness assessment, por-
table medical summary and transition action plan).

Preparing young adults for the change in health care 
setting is crucial for a successful transition to adult care: 
there is no right time, but a timely and organized trans-
fer must be discussed and planned before transitioning to 
adult health care providers.

The critical aspect of implementing the guidelines/
recommendations, present in literature for each neuro-
muscular pathology, is usually determined by the difficul-
ty in disseminating the scientific contents throughout the 
country, particularly at the local level of centres working 
with patients affected by neuromuscular diseases. This 
assumption was confirmed by the results of the survey, 
taken by all of the workshop participating specialist cen-
tres, from which it appears that not all guidelines on re-
spiratory management of patients affected by DMD are 
applied in a homogeneous way by these centres. 

At the end of the meeting, a flow-chart regarding rap-
id evaluation of dystrophic paediatric and adult patients, 
that can facilitate the respiratory classification of the pa-
tients, was developed (Fig. 4).

The aim of this document is to facilitate the dissem-
ination and application of essential respiratory care con-
siderations for patients affected by muscular dystrophy, 
by hospitals and local clinical centres who do not rou-
tinely work with, but that could be involved in acute and 
chronic care of these patients. We are aware of the fact 
that the management of the respiratory involvement of 
paediatric and adult patients affected by muscular dystro-
phy should be as individualized as possible; nonetheless, 
we believe that patient educational training, and most im-
portant of the caregiver, has a significant impact in the 
course of treatment. For this reason, this paper has some, 
patient and caregiver cards attached that, describe the 
management of the most important respiratory issues that 
occur throughout the life of patients affected by muscular 
dystrophy such as: 
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•	 air stacking exercises;
•	 mechanical cough assistance;
•	 non-invasive ventilation;
•	 ventilation through tracheostomy critical aspects;
•	 mouthpiece ventilation.

We hope the result of this work can encourage and 
facilitate the respiratory care for all the centres that will 
have to deal, even occasionally, with the respiratory man-
agement of patients affected by muscular dystrophy and 
their families. 
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Appendix

Air-stacking and 
chest expansion 
exercises: why, how 
and when to do them

By Vilma Donizetti, Marino Iatomasi, Fabrizio Rao, 
Giancarlo Garuti

What does air-stacking mean?
In patients with neuromuscular disorders, that have 

inspiratory and expiratory respiratory muscle weakness, 
when vital capacity falls below a certain threshold, exe-
cution of chest wall expansion exercises is suggested. The 
objective is to reduce as much as possible acute episodes 
of secretion build up and maintain chest wall expansion.

When your respiratory therapist and your pneumologist 
suggest performing “air-stacking “or chest wall expansion 
exercises, it means that you will be trained to use devices 
that will permit your chest to expand as much as possible. 

The type of expansion you will be trained to perform 
will help extend your rib cage to an extent allowing it 
to stretch and maintain all your chest muscles flexible, 
mobilize your joints as much as possible and allow air to 
enter all the alveoli present in your lungs. 

How to perform it
You can perform this type of stretching and trunk 

mobilization in two ways, by holding your breath or not 
(thanks to a big inhale or several consecutive inhales), 
and by using different devices such as an AMBU bag or 
a ventilator with a mouthpiece if you are already familiar 
with this type of ventilation and using it.

Which devices do I have to 
perform Air-stacking?
AMBU bag

The ambu bag is a self-inflating bag made of PVC/
silicone that can hold 1200-1600 mL for adults and about 
600 mL for paediatric patients

Air can be delivered to the patient via a mouthpiece 
or mask. 

MPV = Mouth Piece Ventilation
MPV is a modality in which you can use the assis-

tance of the ventila-
tor only if required:  
when you need it 
you place your lips 
on the mouthpiece 
triggering the venti-
lator ready to assist 
you. 

You can also 
use this modality to 
perform chest wall 
expansion exercis-
es. 
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When I store air in my lungs do 
I necessarily need to hold my 
breath? 

No, not everybody is able to store air inside the lungs. 
The respiratory therapist will try to adapt the best tech-
nique based on your lung function choosing between one 
of the following options:
1.	 re-expansion through single insufflation: in re-expan-

sion thru single insufflation you will let as much air 
as possible into your lungs in one attempt and with-
out necessarily holding it in;

2.	 Re-expansion through air-stacking. In re-expansion 
thru air-stacking you will be asked to progressively 
try to store air inside your lungs through one, two or 
more consecutive insufflations.

How often and how long do I have 
to perform this exercise? 

Whichever method you are accustomed to using for 
chest wall expansion, the generally shared indication is to 
do it for at least around 15 minutes, twice a day.

During each session very frequent and close together 
expansions should be avoided as they may cause hyper-
ventilation symptoms such as dizziness and tingling of 
hands and feet. 

Try to perform this exercise daily and with due breaks 
between deep breaths!

When do I have to perform these 
exercises during the day? 

You can perform chest wall expansion exercises 
when you prefer during the day but with the foresight to 
avoid the first two post-meal hours as insufflated air can 
go the wrong way and bloat the stomach and if that is full 
it may stimulate nausea or even retching. 

Is it best to use a mask or 
mouthpiece when I perform 
exercise with the AMBU bag? 

The respiratory therapist in charge of adapting and 
training you on expansion exercises will identify the ap-
propriate technique and interface according to your mo-
tor function and skills, related to muscles in charge of air 
flow in the pharynx, larynx and mouth muscles.

For example if you have good motor function of the 
upper limbs, mouth, larynx, pharynx and mouth muscles 
the respiratory therapist will probably train you on the use 

of the AMBU bag using a mouthpiece to maintain a high 
level of independence in handling this technique.

If otherwise, when trying the mouthpiece air escapes 
around the lips, then training with a mask will be per-
formed.

Please note: when using a mask you will need a care-
giver to help you keep a tight seal of the mask on your 
face and to squeeze the resuscitation bag in synchrony 
with your breathing pattern.

How does air-stacking thru a 
ventilator and mouthpiece work?

Ventilators often have a dedicated program that can 
be stored for use with a mouthpiece. The pneumologist or 
respiratory therapist can set a dedicated program on your 
ventilator that will provide you with air volumes every 
time you ask for air from the mouthpiece.

If you are among those patients who already have a 
ventilator and mouthpiece ventilation then you could use 
this device to perform chest wall expansion and air-stack-
ing exercises. 

A dedicated program that will provide air volume on 
demand through the mouthpiece will be set on your ven-
tilator. 

The instruction you will be given will be to try to get 
as much air into your lungs through one or several inhales 
if you cannot hold air with your pharynx/larynx muscles. 

This exercise can become ineffective and bothersome 
when air escape from the nose or mouth.

What if a ventilator does not have 
the way to store a ventilation 
through mouthpiece program? 

If this is the case or when a patient cannot use this 
program the therapist will find an alternative solution 
such as suggesting use of night-time ventilation with a 
mask but setting the possibility to manually take a large 
breath on demand on the ventilator or storing a program 
with greater pressures or volumes to be used for short 
bouts and with this specific objective. 

In conclusion
Chest expansion, using the AMBU bag or mouth-

piece ventilator is a fundamental part of the physiothera-
py program and should be carried out daily. 

The respiratory therapist in charge of your program 
will try to adapt you to the most adequate modality in 
terms of efficacy and tolerability. 
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What is non-invasive 
ventilation and how 
can I manage it

By Vilma Donizetti, Marino Iatomasi, Fabrizio Rao, 
Giancarlo Garuti

What does NIV mean?
NIV is the abbreviation for Non-Invasive Ventilation.
Non-invasive ventilation is a way to help those mus-

cles which make us breathe, and especially ventilate (ex-
change gases).

Sometimes in neuromuscular conditions, respirato-
ry muscles are or become weak over time. Non-invasive 
ventilation supports the diaphragm and the other inspira-
tory muscles to allow the correct volume of air into the 
lungs and to exhale air from the lungs in a proper way, 
getting rid of carbon dioxide in the blood. 

Carbon dioxide needs to be eliminated during venti-
lation because it is a gas that normally accumulates in the 
blood and that becomes noxious if it goes beyond normal 
levels. 

When there is too much carbon dioxide in the blood 
you may feel excessively sleepy, you may have morning 
headaches, complain of difficulties concentrating while 
finding it hard to sleep well.

Non-invasive ventilation helps you sleep better and 
helps you feel wide awake during the day and to reduce 
the feeling of shortness of breath during the day if your 
respiratory muscles are weak. 

What is NIV?
Having NIV means that you will be provided with a 

ventilator, a humidifier and a face mask, all connected by 
tubes between them.

The air is generated by the ventilator, then it passes 
through the humidifier so that it is warm enough when it 
reaches the face and finally the lungs.

The ventilator
There are different types of ventilators, with or with-

out a built in battery, which can start different ventilatory 
programs. 

Your referral centre will choose with you the ventila-
tor best suited to fit your clinical needs. 

The mask
The mask is a device that is placed on your face to 

allow air coming from the ventilator to enter your lungs 
through the mouth and/or nose. Generally the surface that 
comes in contact with the face is made of silicon. 

There are different types available, all having the 
same objective that is the tightest fitting interface possible 
to avoid leaks and making it as comfortable as possible 
while ensuring the best ventilatory exchange. 

On the top of the majority of commercially available 
masks there are holes from which air can exit: this air 
flow is very important because it allows carbon dioxide to 
be expelled thereby avoiding breathing toxic gas. 

NEVER CLOSE THE HOLES ON THE MASK!!!
If the mask you are using does not have holes, carbon 

dioxide is expelled through a different circuit, for exam-
ple a valve between your mask and the connecting tube. 
Make sure that blankets or other objects do not obstruct 
the passage of air outwards. Never add additional layers 
between mask and valve. 

There are different types of masks that can be used 
depending on the objectives your physiotherapist has 
shared with you: 
•	 Nasal mask = mask that covers the nose only. This 

can be used to ventilate during the day or night, as 
needed. 

•	 Endonasal mask = mask having two small probes 
which partially enter your nostrils. This is the small-
est possible mask, and it can be used during the day 
or at night. It allows concomitant use of glasses if 
needed and has small dimensions. However, it may 
move out of place more often than the other types of 
interfaces.

•	 Oro-nasal = this is the best solution for nocturnal 
non-invasive ventilation especially if you tend to 
open your mouth while sleeping with a nasal mask 
and you are not using a chin guard device because 
you do not tolerate it or it does provide additional 
help while breathing.
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•	 hybrid = oro-nasal mask which does not come into 
contact with your nasal bone. This may be convenient 
to avoid pressure lesions in the nasal area and to help 
you maintain a broader visual field.

•	 MPV (= mouth piece ventilation) = ventilator with a 
mouth piece. This topic will be specifically addressed 
in a dedicated section.
We recommend washing your mask every day with 

water and neutral soap, drying it and  placing it in a clean 
cloth when not in use. There is no need for you to use 
disinfectants because these may damage the mask itself. 

Take care of your mask as best as you can because 
generally the National Health System provides you with 
only 2 masks per year. 

The humidifier
To help you use NIV at its best you will most proba-

bly be given a humidifying system.
The purpose of the humidifier is to humidify air 

which would otherwise reach the ventilator as a cold and 
dry gas mixture: a plate warms distilled water to provide 
warm water droplets which evaporate into the tubes con-
necting the ventilator to your mask.

The distilled water is kept in a plastic gravity water 
chamber: never fill the chamber beyond the threshold in-
dicated as the maximum level of water and never leave 
the water chamber empty as it may burn.

Once at home, you can modify and manage the level 
of humidification according to your needs and comfort, 
but avoid water accumulating in the tubes. To ensure this 
avoid abrupt changes in temperature between the tubes 
in the circuit and the room where the ventilator is used 
and kept. 

The circuit
This is made up of tubes connecting the humidifier 

to the mask. Their length is standard: they should not be 
shortened or lengthened.

Avoid water droplets accumulating in the tubes: this 
may cause the ventilator to break and facilitates bacterial 
growth. 

FAQ

I only have one mask: am I allowed to have 2 types of 
masks each year? 

Yes, it is actually recommended to have 2 masks of 
different types so that you can switch from one to the oth-
er to avoid pressure lesions on your face where the mask 
comes into contact.

I cannot remove the facial mask on my own and having 
an orofacial mask scares me because of the idea of not 
being able to ask for help or not being able to remove it 
quickly?

Talk about it with your physiotherapist or your pul-
monologist, they will find an alternative solution, maybe 
using a chin support, a special alarm system or communi-
cation device which fits your needs. 

I fear I will not be able to talk if I use the ventilator?

No, you will be able to speak, and actually the tone 
of your voice may sound stronger and of a higher pitch.

Is the air coming from the ventilator pure oxygen?
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No, it is simply air taken from your surrounding 
(which does contain oxygen as well as other gases) which 
is directed through the circuit into your mask.

If there should be a need to add oxygen to your air 
supply, the pulmonologist and physiotherapist will pro-
vide you with an additional connector which will provide 
oxygen to the ventilator.

The air coming from the surroundings is full of dust, 
shouldn’t this air be filtered? 

Yes, the ventilator has a spongy filter where air from 
the surroundings enters the ventilator. This needs to be 
washed weekly and has to be replaced when dry or when 
worn. Some ventilators also have a white filter against 
pollen dust which should not be washed but replaced 
monthly. 

If the air that I breathe is the same as the air that the 
others inhale normally, why should I always use the 
humidifier with the ventilator? 

Because the air which reaches the mask is pushed in-
to the lungs and quickly passes through nose/mouth. The 
mouth alone cannot provide an adequate humidification 
and the nose can do this only if air passes slowly and one 
breathes normally. 

May I use demineralized water, osmolarized water or 
mineral water instead of distilled water?

No, it is recommended to only use distilled water. 

In case I travel by plane, how should I carry my 
ventilator?

The ventilator should always be carried in its original 
bag as a carry-on luggage and should never be checked in 
as  regular luggage.

There needs to be a pre-printed travel form from the 
airlines and this needs to be filled out by your pulmonol-
ogist.

In case you need to use the ventilator during the flight 
you need to talk to the airline beforehand and organize 
your trip with an AMBU bag instead if needed.

Ask the airlines all the information you need before 
you travel.

May I use indifferently a mask with holes and one with a 
valve on the circuit? 

No, the type of circuit prescribed to eliminate carbon 
dioxide is a medical prescription and is based on clinical 
grounds, and on the physiotherapeutic and mechanical 
features of the ventilator which was chosen. It is very 

dangerous for your health to change the parameters and 
settings that have been chosen specifically for you.

A friend, a technician, a provider, an internet video 
has prompted me to try a new mask/circuit/humidifier. 
They seem to be experts in the field. Can I follow their 
advices? 

No, only the pulmonologist or physiotherapist who 
has experience in ventilation can help you. In case you 
have additional questions do not hesitate to call them. 

I am using the ventilator for more than 16 hours a day. 
When I leave my house what should I bring with me? 

When you leave your house you should definitely 
have: 
•	 a bag for emergency/accidents (cloth bag which 

should be hung on the wheelchair) containing the 
AMBU bag connected to your other mask which 
should be used in case your ventilator should fail to 
work and adhesive tape to close potential holes/leaks 
that may accidentally occur in the circuit;

•	 saturimeter: if you think you will stay away from 
home for long (a whole day or longer) you should 
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also carry your second ventilator and your cough as-

sist machine.
MPV: Mouth Piece 
Ventilation 

By Vilma Donizetti, Marino Iatomasi, Fabrizio Rao, 
Giancarlo Garuti

What is it?
Mouth piece ventilation is one of the oldest types of 

non-invasive ventilation born as an alternative to trache-
ostomy for patients affected by Polio in the Fifties.

For whom
Useful for patients affected by neuromuscular dis-

orders, but also patients with diaphragmatic paralysis, 
spinal cord injuries, kyphoscoliosis, cystic fibrosis and 
COPD.

Conditions for use
Patient has to be awake, conscious and cooperative, 

able to access mouthpiece and with good control of upper 
airway muscles (no bulbar deficits).

When to use it
A Medical doctor or respiratory therapist will sug-

gest this alternative ventilation technique when: 
•	 your carbon dioxide blood levels during the day 

increase beyond normal levels (>  45 mmHg) even 
though they are properly corrected by mechanical 
ventilation use at night;

•	 you have during the day episodes of dyspnoea or 
shortness of breath;

•	 you cannot talk for long periods of time or have 
such a low tone of voice that you cannot be heard or 
scream;

•	 you use mechanical ventilation with a mask for more 
than 14/16 hours and are at risk of pressure sores on 
your face;

•	 you have shortness of breath while eating and are 
progressively eating less therefore losing weight;

•	 you have shortness of breath after a meal or while 
sitting on the toilet;

•	 food goes the wrong way if you use the ventilator 
with a mask while eating or drinking;

•	 you would like to cough on your own without always 
having to ask for help;
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•	 you would like to ventilate also during the day with-
out this limiting your vision, speech or social life. 

Why use it?
Using mouth piece ventilation improves quality of life 

and survival. Patients that use this type of ventilation ap-
preciate the independence it provides by reducing fatigue 
in talking, breathing, eating, coughing sometimes even bet-
ter than mask ventilation and also allows smelling. 

No tube or masks hinder vision or interfere with so-
cial interactions. It is the patient that decides when and 
for how long he/she ventilates, breath by breath, accord-
ing to his/her needs and is also able to alternate it with 
glossopharyngeal breathing or air-stacking manoeuvres 
(holding your breath after consecutive inhales).

How
Attach the ventilator to the wheelchair, turn it on 

and choose the MPV setting. After securing the circuit 
to your preferred support, and the mouth piece or straw 
close to the lips, come closer as if you were drinking a 
sip of air or just slightly touch the system (depending on 
the chosen ventilator): the tube will deliver enough air to 
fill your lungs to be able to breathe, scream, sing, cough, 
talk at length. When too much air is delivered, let it es-
cape freely from your mouth without closing your lips 
too tight on the mouth piece; if too little air is delivered 
then hold two or three consecutive breaths (air-stacking) 
and then use the air to cough better or hold your breath 
longer while for example chewing food in your mouth 
or yelling. 

Frequency, air quantity, regularity of ventilator use 
is decided by the patient. Normally no one tells us how 
much air is needed to speak louder or longer for exam-
ple and everyone self regulates. The same thing happens 
when using MPV: it has an air reservoir the patient can 
tap into and he/she can decide when. 

Maintenance
Wash and disinfect the mouthpiece daily with neutral 

detergent, the circuit weekly and the filter monthly.

Important
The mouthpiece has to be always fixed close to the 

mouth and easily accessed by the patient. 

Pay attention to where the circuit support is an-
chored: if you usually tilt your wheelchair while venti-
lating, make sure that the mouth piece can follow your 
movements. There are commercially available supports 
that can be prescribed or you can adapt other systems 
such as the ones used to hold smartphones. 

Never exhale into the circuit (if it does not have an 
exhale valve). After drinking from a straw would you then 
spit again in your glass? 

In case of mouth dryness keep some water handy and 
drink regularly; on the contrary, with excessive salivation, 
ask for medical advice in regards to drugs that limit saliva 
production.

Always make sure the ventilator has enough battery 
charge before going far  from an electrical outlet.

Based on your needs and/or for safety reasons, it is 
possible to program an alarm that is triggered after a set 
time of failed activation through the mouth piece (volun-
tary or involuntary).

Remember
Breathing is a vital necessity to survive not an addic-

tion. MPV is needed to live better as it provides indepen-
dency not addiction. 
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Cough-assist devices

By Vilma Donizetti, Marino Iatomasi, Fabrizio Rao, 
Giancarlo Garuti

Cough
Coughing is a physiological mechanism to protect 

our respiratory airways. We cough to manage secretions 
or to remove foreign matter in our airways or we may 
have in our throat.

Stages of cough
First there is a deep inspiration, then for a fraction of 

a second, the glottis closes and breath is held. Then air 
is suddenly and explosively expired and with the air any 
foreign particles of materials found in the airways 

Cough efficacy
In order to understand whether cough is effective, 

the pulmonologist or the physiotherapist measures it with 
a specific instrument which quantifies the Peak Cough 
Flow. If this is greater than 270 l/min, cough is effective, 
if between 160 and 270 l/min cough is weak and if below 
160 l/min, cough is definitely ineffective.

Mechanical cough-assisted 
devices

If air-stacking techniques and or manually-assisted 
manoeuvres prove to be inefficient (see document), ei-
ther due to respiratory muscle weakness, fatigue or lack 
of compliance, the pulmonologist or the physiotherapist 
will prescribe a cough-assisted device. 

There are different devices which can be prescribed 
and all are equally efficient. Each patient and caregiver 
will receive the device prescribed and with it, the specific 
instructions to use it properly. 

What is it?

A cough-assist device is an instrument which mimics 
the act of coughing by mechanically inflating air within 
the airways and then by compressing air out of the lungs 
in the act of expiration. The machine introduces sufficient 
air within the lungs so as to inflate the lungs and the tho-
rax and then the machine rapidly aspires the air in the 
lungs and with it the secretions in the mouth or in the 
cannula if there is a tracheostomy. 

What it does not do?

A cough- assisted device is not an aspirator and it is 
not a ventilator. It is also not a cough stimulator or cough 
trainer. One should not expect to hear the typical sound of 
coughing when in use. 

What is the purpose of a cough-assist device?

The purpose is to avoid secretions build-up and to 
mobilize them in the upper airways when the patient is 
unable to do so on his/her own. It also exerts action on the 
respiratory muscles by stretching them and by mobilizing 
the rib cage while maintaining its elastic properties. 

Which techniques can be implemented with the cough-
assist device?

To optimize the efficacy of this treatment it is rec-
ommended that the patient be asked to try and cough 
voluntarily when the cough-assist device is beginning 
to generate negative pressure within the airway system, 
eventually adding manual assistance (thoracic or ab-
dominal thrust). To avoid tiring the patient in the first 
sequence, it is recommended to use the passive mode 
for the first cycles (to recruit and ventilate) and to add 
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voluntary cough (and manual assistance) for the last cy-
cle.  Your therapist will teach you how to coordinate the 
different manoeuvres so that your participation will be 
as effective as possible. 

Indications for prescription
A cough-assist device is recommended for patients 

with neuromuscular diseases having a PCF < 160 l/min, 
or when patients have a PCF < 270 l/min at rest, in a sta-
ble condition, but may get easily fatigued in case of acute 
respiratory disease. 

Treatment protocol template
Preventive care: a cough-assisted device should be 

used even when secretions are within normal range as per 
quantity and colour. Recommendations are twice a day, 
five or six cycles for a total of 5 or 6 sequences  away 
from meals . The patient can use the device in any posi-
tion, while seated, supine or on his/her side. It is recom-
mended to change position even during the same cycle so 
that air can reach different parts of the lungs. During this 
treatment the thorax should be monitored to make sure it 
expands and relaxes regularly as air passes through. 

Acute care: in case of a respiratory infection, it is 
recommended to increase the frequency of the cycles, 
more than twice a day (even at night-time if needed) and 
every time saturation goes beneath 95%. Five or six se-
quences are usually needed for as many times to stabilize 
the patient. In these cases it is often useful to implement 
the treatment by asking the patient to try and cough on 
his/her own and to apply thoracic or abdominal thrusts 
too. If indicated by the physiotherapist or by your pulmo-
nologist higher pressures may be needed.

If the patient is especially tired there may be the 
need to place the patient on his/her ventilator between se-
quences to allow for him/her to recover. 

Parameters
Pressure: this is the strength with which air is forced 

into and out of the airway system. Sometimes the nega-
tive pressure is higher than the positive one, the opposite 
should not be done. 

Time: this refers to the time required to insufflate 
and exsufflate the lungs. In general, the time to inflate is 
longer than the time needed to exsufflate. There are short 
intervals of time to recover between each sequence. 

Air flow: this is the flow with which air can be deliv-
ered: it can be more or less intense or fast. 

Trigger: if this is set by the technician, physiothera-
pist or pulmonologist, the patient can trigger air delivery 
with a minimum effort. This is of help for some patients 
because it may help them adapt and synchronize with the 
machine itself. The patient’s strength should be assessed 
prior to setting this trigger (this is especially true in case 
of an acute respiratory infection); if this occurs, then the 
health care professional should be informed and the pro-
gram should be switched from trigger to automatic mode 
(if this is already set before hand). 

Oscillations: these are vibrations that can be added 
during the insufflation and/or exsufflation phases. 

Modality: a cough-assist device can be automatical-
ly shifted to the insufflation and the exsufflation modes 
or there may be the option to shift manually. At home the 
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preferred option is the automatic modality (with or with-
out trigger). In case the cough-assisted device is set to the 
manual mode, you will need to shift the lever to the inhale 
phase (trying to fill in the lungs as much as possible) and 
then towards the exhale phase (trying to empty your lungs 
as much and as quickly as possible).

Number of programs: there is the option to memo-
rize 2 or more programs in the cough-assist device so that 
one is selected for the usual daily exercises and the other 
one (or more) can be selected during an acute phase, with 
higher pressures and different modalities. Precise indica-
tions for one or the other program will be provided. 

Side effects and adverse events
These are usually few, rare and transitory. These are 

the most common ones:
•	 ear pain;
•	 chest pain (due to stretching of the thoracic muscu-

lo-skeletal structures);
•	 abdominal tension with nausea and vomiting;
•	 secretions with blood striations resulting from bron-

chial wall mobility;
•	 desaturation in case of hemodynamic instability;
•	 cardiac arrhythmias, bradycardia, tachycardia;
•	 pneumothorax (lung collapse);
•	 In case of problems, symptoms and signs of uncer-

tain diagnosis please refer them as soon as possible 
to your physiotherapist or pulmonologist.

Controindications
•	 Emphysema
•	 Barotrauma predisposition 
•	 Parenchymal lesions
•	 Hemodynamic instability
•	 Reduced left ventricular function
•	 Recent cardiogenic pulmonary edema
•	 Tracheomalacia

Cleaning and maintenance
After each sequence the circuit and the face mask 

need to be cleaned with liquid detergent and need to be 
regularly disinfected with cold disinfectant. The cathe-
ter-mount needs to be replaced each time and needs to be 
washed and disinfected with cold disinfectant. Each part 
should then be dried.

The filter cannot be washed and needs to be replaced 
with the rest of the material when this is clearly worn out. 

The external surface of the cough-assist device needs 
to be cleaned with a humid cloth.

The spongy machine filter needs to be washed week-
ly and has to be dried before it can be placed back on. 

For any malfunctioning at home, please call the 
equipment provider.

What should not be done
DO NOT change the parameters without consulting the 

pulmonologist or your therapist
DO NOT let air leak out from the sides of the mask, but 

keep this tight on your face
DO NOT try to handle or try to fix the machine on your 

own
DO NOT prolong the time of treatment for more than 10 

sequences in a row or for more than 30 minutes total
DO NOT interrupt the treatment after just one cycle 

thinking this is enough or that the machine is not do-
ing anything. Stick to the instructions

Frequently asked questions

I have just eaten but I am already full of secretions. May 
I use my cough-assist device? 

Yes, but with caution. It may cause you to vomit. 
Limit its use and avoid the abdominal thrust and stay seat-
ed for a couple of hours after your meal. 

I choked myself with a small piece of food. Can I try and 
get rid of it, using the cough-assist device to remove this 
foreign material? 

Yes, the machine can be used with the highest nega-
tive pressures and use it with the manual trusts until you 
have gotten rid of the foreign material 

My chest hurts each time the air gets in and I have never 
experienced this type of feeling before

Stop using the machine immediately and contact 
your pulmonologist right away 

I am going on holiday, can I leave my cough-assist 
device at home?

Your secretions do not go on holiday and your ability 
to cough does not improve on holiday. If you were given 
a cough-assist device it is because you need it and this 
means wherever you may be 

I need to take a plane, can I bring it with me?

Yes, as hand-luggage and with a medical certificate 
saying that you need to use it and have it with you. It is 
best to contact the airline before you leave.



Management of respiratory complications and rehabilitation in individuals with muscular dystrophies

37

I have a gastrostomy, may I use it anyway?

Yes, with caution. In case of food or excess air in 
your stomach, let your physiotherapist or pulmonologist 
tell you what to do. 

I was trained while lying, but now I am in my 
wheelchair, can I use it anyway?/I was trained while 
seated, but now I am in bed with a high temperature, can 
I use it anyway?

You can use the cough-assisted machine in any posi-
tion, according to your needs and situations. Remember 
however, that it is best to change position to recruit and 
ventilate your lungs better. 

I was trained some time ago and now I am not so sure I 
remember how it works, what should I do? 

If you do not remember how to use it either because 
you do not remember or because things are still unclear 
to you, do not wait for an acute episode to occur but read 

this document over again and if, this is still unclear, con-
tact your reference centre and ask to review the whole 
procedure again. 

If I do not have trouble managing secretions should I use 
it anyway?

Yes, this device should not be used to manage secre-
tions only. It also has the purpose of inspiring better and 
exercise your respiratory muscles. Ask your physiother-
apist if you can perform different exercises on days in 
which you aren’t using it (i.e. air-stacking exercises with 
an AMBU bag for instance).

I have a tracheostomy. Is it enough for my caregivers to 
suction secretions from my cannula?

No, suction removes secretions if they are in the can-
nula or just below that. The cough-assist device mobilizes 
secretions from both lungs and brings them to the cannula 
and suction is then needed even more.
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Invasive ventilation: 
critical issues

By Vilma Donizetti, Marino Iatomasi, Fabrizio Rao, 
Giancarlo Garuti

Tracheostomy is an artificial opening at neck level 
(between the Adam’s apple and the sternum) allowing air 
flow and direct communication between lungs-trachea 
and the outside, by-passing upper airways (nose-mouth-
throat-vocal cords).

It is a respiratory pathway in alternative to the natural 
mouth/nose one, which is artificially created by a medical 
doctor (ENT or intensivist doctor) when breathing (even 
thru mechanical ventilation) and /or obstruction removal 
by natural means is not possible or no longer effective.

The tracheostomy is a shared decision between 
the patient and the multidisciplinary team, that can be 
planned in a stable stage or it can be a patient’s or care-
giver/legal guardian’s decision in an emergency situation.

Tracheotomy or tracheostomy?
These terms indicate procedures performed to ensure 

better breathing. They are not synonyms although they 
are used interchangeably. 

To be precise:
•	 tracheotomy: simple incision and opening of the tra-

chea which is usually temporary;
•	 tracheostomy: surgical procedure that connects the 

trachea directly with the outside;
•	 in both cases the result is an opening at throat level 

(tracheal stoma) with a tracheal cannula.

The cannula
The tracheostomy cannula is a curved plastic tube 

that crosses the stoma and directly connects the lungs 

with the outside, completely by-passing all structures 
above the vocal cords (nose-mouth-throat).

It can be equipped with:
•	 cuff: a balloon that when inflated completely blocks 

air flow from the mouth and nose, preventing the pa-
tient from speaking;

•	 inner cannula: cannula inside the outer cannula. It 
can be removed daily and temporarily by the patient 
to facilitate cleaning of the cannula itself;

•	 fenestration: holes on the angled part of the cannula 
that in some specific cases can facilitate phonation. 

WHAT TO PAY ATTENTION TO 
DURING DAILY MANUEVERS?

There are some maneuvers to manage the tracheos-
tomy that you might need to perform daily that require 
much attention.

ALWAYS REMEMBER to safely work with TWO 
HANDS: one hand supports the cannula and the flange to 
stabilize it, while the other hand connects or disconnects 
the catheter-mount, tracheal filter, etc.

It is a maneuver that has to be carried out with ex-
treme attention to avoid harming the patient:
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•	 if the catheter-mount is pulled without keeping the 
cannula still with the fingers, there is a risk of moving 
or unthreading the cannula, especially if it is uncuffed;

•	 if the catheter-mount is pushed against the cannula 
without keeping it still, this pushes directly on the 
patient’s trachea and can cause discomfort. 
Always SUPPORT the ventilator circuit with a clip or 

similar device to avoid pulling the cannula with the tube’s 
weight provoking sores, cannula disconnection or even 
worse decannulation.

Secretion removal

Suction through tracheostomy cannula

To be performed:
•	 when needed (for secretion highlighted by the patient 

or when these are audible inside the cannula);
•	 only in cannula e not beyond.

The safest and most correct method is:
•	 pre-measure the probe length (equal to the cannula 

length + ½ cm);
•	 enter the cannula, with a sterile tube, only reaching 

the lower part of the cannula and not further;
•	 enter without suctioning and start only when starting 

to retract the tube from the cannula;
•	 suction duration should not last more than about 10 

seconds;
•	 do not use the same tube for more than two subse-

quent suctions unless sanitizing it before each use.
ATTENTION: deeper or prolonged maneuvers may 

lead to the risk of tracheal mucosa lacerations with possi-
ble bleeding and deep desaturations. 

Mechanical cough assist 

All secretions that did not reach the cannula can be 
mobilized and moved closer with mechanical cough as-
sistance or AMBU bag. Follow the same directions for 
cough-assist devices by non-invasive administration sim-
ply substituting the mask with a catheter-mount and se-
cretion removal by cough with suction. A cuffed cannula 
should be preferred when using cough-assist devices.

AMBU bag 

The AMBU bag is a useful tool to mobilize secre-
tions when the mechanical cough-assist devices are not 
available. For ways of using it please refer to instructions 
from your reference center. 

Cleaning above the cuff

Cleaning above the cuff will be performed to avoid 
secretion or saliva build up above the balloon.

To clean above the cuff briefly deflate the balloon and 
suction any secretions from cannula and mouth. 

This maneuver has to be performed according to the 
reference center’s recommendations. One way is for ex-
ample to uncuff the cannula after a couple of cycles with 
a cuffed cannula, in order to use the cough assist machine. 
Uncuffing during cough assist machine use promotes se-
cretion migration to the mouth, particularly if the patient 
during insufflation cooperates by scraping his throat. 

ATTENTION: this maneuver must be performed 
with care and attention following all the indications from 
the physiotherapist in order to avoid patient desaturations 
and discomfort. 

Urgency/emergency: what to do?
PROBLEM: ventilator malfunction

SOLUTION: disconnect patient from ventilator and 
uncuff cannula and let patient breath on his own (if he is 
usually able to and is not ventilated continuously) protect-
ing the cannula with a tracheal filter, a phonatory valve or 
a plug. Call the home care provider’s toll-free number to 
report the malfunction manually ventilate patient with an 
AMBU bag while waiting for the back-up ventilator or 
medical assistance. Then call the toll-free number of the 
Home Care Provider to report the malfunction.

PROBLEM: although the patient is connected to his/
her usual ventilator it appears he is not receiving enough 
air supply and the chest and abdomen do not inflate 
during insufflation. 

This problem has different causes, and below are the 
ones that can be resolved at home.

Cannula is perfectly clean and free for air flow but 
there are many secretions below the cannula.
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SOLUTION: use the cough assist machine and 
suction the cannula as needed to bring saturation levels 
above 94% and observe if the patient breathes better after 
obstruction removal.

Cannula is completely clogged by a plug of dry se-
cretions that completely blocks the cannula and doesn’t 
allow air flow or the insertion of a suction tube. 

SOLUTION: remove inner cannula, if present, sub-
stituting it with a clean one if an inner cannula is not used, 
completely uncuff the cannula and use the cough assist 
machine on the program with the highest pressure set-
tings or the AMBU bag to try and mobilize the mucous 
plug. 

Insist till removal keeping an eye on patient’s satu-
ration and state of consciousness. Between uses of the 

cough assist/AMBU bag try to help patient breathe from 
natural airways using ventilator with mouthpiece or mask. 

In the extreme case in which a secretion plug does not 
move and the patient, although uncuffed cannot breathe 
properly, IMMEDIATLY contact the emergency num-
ber and in the meantime, if the patient becomes cyanotic 
with saturation below 85%, remove the cannula, cover 
the stoma with a gloved finger and continue to ventilate 
the patient with a mask or mouthpiece (using mechanical 
ventilator or AMBU bag).

PROBLEM: if the patient severely desaturates and 
in a prolonged manner and seems to lose consciousness.

SOLUTION: 
•	 slightly uncuff the cannula;
•	 start using the AMBU bag checking that the chest/

abdomen lift at each AMBU bag squeeze;
•	 call emergency number to request medical assistance 

(in case you are unable to resolve the problem in a 
short period of time).

PROBLEM: patient unplanned decannulation
SOLUTION: if patient usually:

•	 is not continuously mechanically ventilated, place him 
in a position that favors spontaneous breathing (usual-
ly in sitting) and call the emergency number. Wait for 
medical assistance and monitor saturation levels;

•	 is permanently ventilated or desaturates without 
ventilator assistance: close the stoma with a gloved 
finger and connect patient to ventilator with a mask, 
mouthpiece or the free end of the cannula itself used 
like a straw. Call emergency number as soon as pos-
sible.
If airflow is not resumed, the chest/abdomen do not 

lift and patient desaturates and becomes cyanotic, firmly 
position the AMBU bag mask on the stoma and try to 
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ventilate the patient with the AMBU bag thru the tracheal 
stoma. Call the emergency number IMMEDIATELY 

IMPORTANT: do not try to reposition the cannula if 
you haven’t received proper training from medical staff or 
if you are not in an extreme situation: if this maneuver is 
performed in a clumsy way it can lead to permanent damage. 
Should you need, if possible use a cannula without a cuff 
and with a smaller diameter compared to the usual one.

ADVICE: in the routine daily stoma cleaning maneu-
vers or change of neckplate avoid undoing or completely 
unthreading the neckplate.  It is wiser to simply loosen 
the neckplate and keep it attached. If a collar change is 
needed insert the new collar in the flange and attach it 
before removing the old one.

Frequently asked questions

Can I use the same tube to first suction the mouth and 
after the cannula?

NO, the tube that enters the cannula has to be sterile 
so you can do the opposite and start suctioning in the can-
nula and then the mouth. 

Which is the correct saturation value?

Normally blood oxygen saturation should be above 
94%. If it falls below this limit start evaluating the situ-
ation: use the cough assist/suction device to remove any 
secretions, connect patient to ventilator (if not already 
on ventilation), check for temperature elevation, contact 
your primary care physician. 

Saturation is low or lower than usual. Can I improve it 
by using a bit of oxygen?

Oxygen is considered a medication and as such 
should be administered only under medical prescription. 
Remember anyway that in your disorder pure oxygen 

consumption leads to carbon dioxide build up. In case of 
desaturation even after frequent use of the cough assist 
device while waiting for antibiotic therapy to become ef-
fective, increase hours of ventilation and if prescribed by 
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a doctor, take oxygen preferably mixed with ventilator air 
flow. Reduce the time spent breathing pure oxygen thru 
nasal cannulas but prefer the use of the ventilator. This 
way you will tire less when breathing and you will avoid 
rapid carbon dioxide build up.

How many times a day do I have to use the cough assist 
machine? 

At least twice a day, morning and evening and more 
if needed. Secretion production during the day is variable 
among different individuals and can be more or less.

Furthermore, most likely, you will need to use the 
cough assist machine just before or after postural chang-
es such as bed to wheelchair transition, as this mobilizes 
secretions.

I use the ventilator more than 16 hours a day, when I 
go out what do I have to bring? When you go out of the 
house you should absolutely have with you: 

•	 emergency bag (readily available cloth bag attached 
to the wheelchair that contains an AMBU bag con-
nected to a catheter-mount, adhesive tape to close any 

accidental holes in the circuit, a syringe to cuff and 
uncuff the cannula, a clean inner cannula wrapped in 
gauze, an uncuffed cannula of smaller diameter com-
pared to the one used for emergencies);

•	 suction machine (with charged battery, car charging 
cable) complete with tubes and bottle for water suc-
tion;

•	 pulse oximeter.
If you are away from home for a long time (a whole 

day or more), it is best for you to also bring the cough 
assist machine and a back-up ventilator. 

My secretions have been drier than usual for a couple of 
days. What can I do?

In case secretions are very dry it might be necessary 
to reduce the number of hours on ventilation with just a 
humidifying filter and/or uncuffed cannula, and increase 
the number of hours using an active humidifier preferably 
with a thermoregulated circuit.

It might be useful to use an aerosol dispenser or neb-
ulizer with just physiological water: for practical guid-
ance refer to your clinical center. 


