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Introduction. Neuromuscular diseases (NMD) include different types of diseases depending on 
the deficient component of the motor unit involved. They may all be interested by a progressive 
and sometimes irreversible pump respiratory failure which unfortunately for some NMD may start 
soon after the diagnosis. Within this vast group of patients those affected by muscle diseases 
are a subgroup who comprises patients with an average earlier onset of symptoms compared 
to other NMD. Indeed it is also important to comprehend not just the patient’s burden but also 
the surrounding families’. Defining the end of life (EoL) phase in these patients is not simple 
especially in the young patient population. Consequently, the late stage of disease remains poorly 
defined and challenging.
Objectives. The aim of this review is to describe the EoL phase in NMD patients with attention to 
QoL and psycological status. 
Methods. The focus would be on one hand on the management of the psychological burden, the 
communication barriers, and tone of humor. 
Results. Those topics have been described being crucial in this group of patients as they increase 
tensions and burden of both patient and family, and between them and the outside world. Thus 
also causing their social isolation, increasing anxiety and reducing their quality of life. On the oth-
er hand the use of cough clearance devices and all the respiratory supports and their withdrawn 
are carefully evaluated in the view of alleviating respiratory symptoms, improving patient quality 
of life and above all reaching the patient’s goals of care. 
Conclusions. Although there is no cure, the advent of supportive interventions including mul-
tidisciplinary care (MDC) has improved all the aspects of dying for patients affected by NMD; 
nevertheless there still a long pathway ahead.

Key words: muscle diseases, multi-disciplinary, quality of life (QOL), burden, end-of life, palliative 
care, pain, depression, noninvasive ventilation (NIV), Duchenne muscular dystrophy (DMD), muscular 
dystrophy

Introduction

Neuromuscular diseases (NMD) are a heterogeneous group of neurological diseases 
whose ethio-pathogenesis differ depending on the deficient component of the motor unit 
involved, i.e. nerve, muscle or neuromuscular junction. The onset, clinical features, therapy 
and prognosis may vary a lot till a progressive deterioration of respiratory muscle func-
tion appears 1-2. The integration of home NIV into the management of the NMD patient 
has improved the QoL and the survival of these patients, even if for some diseases the 
prognosis remains poor (i.e. Amyotrophic lateral Sclerosis (Als)  3-8. Muscular diseases, 
in particular, are a heterogeneous group of genetic diseases characterised by an earlier 
onset compared to other NMD where other challenging psychological related difficulties 
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arises in the families such as the mixed presence of healthy and sick 
young children and the transitioning phase from paediatric to adult 
age 9. The prognosis may be bleak, so a focused End of Life (EoL) 
care and palliative care becomes vital for patients and carers. The 
World Health Organization (WHO) defines palliative care as: ‘‘patient 
and family-centered care that optimizes quality of life by anticipating, 
preventing, and treating suffering. Palliative care throughout the con-
tinuum of illness involves addressing physical, intellectual, emotional, 
social and spiritual needs and to facilitate patient autonomy, access 
to information and choice’’  10,11. Thus, on one hand, palliative care 
aims to improving QoL, considering both the patients’ and caregiv-
ers’ needs, identifying the goals of care and supporting medical deci-
sion-making 12. On the other hand, the term ‘‘End of-life care’’ usually 
corresponds to the final stage of life care and sometimes correspond 
to “terminal care” which focuses on supporting the dying person and 
their family. Specific criteria to precisely define the start for EoL care 
still are missing, because of the broader range in time and intensity 
of the varies MNDs and of the patient’s personal journey  13-15. As 
correctly stated by Tripodoro et al., judging prognosis in NMD patients 
is particularly difficult because of the difference between slow and 
fast diseases’ progression and also for the ambivalent concept of NIV 
use which can improve survival without modifying the progression of 
the disease itself 15. In this concise review we explore the challeng-
es, practicalities, and technicalities of EoL care including NIV use 
focusing on individuals with muscle pathologies. In more details, the 
purpose is to analyse the management of these incurable diseases 
in the latter stages. Indeed, the point would be to emphasise that 
palliative care and pain control should not be implemented just in 
the terminal phase but much earlier. From the diagnosis knowing the 
unfavourable prognosis every available tool should be used aiming 
at controlling symptoms, improving quality of life and achieving the 
patient’s goals in the management of the disease. In this big picture, 
the burden of care, communication, tone of humor, are aspects to 
be considered as early as possible at each outpatients visit when 
possible. Moreover, details on Non invasive ventilation (NIV) and other 
respiratory support options are described, but also bronchial secre-
tion management machines for their correct use, timing and aid in 
avoiding unnecessary admission for severe pulmonary infections. 
Lastly, but non less importantly, withdrawn from NIV is an aspect 
often left to the experienced physician. It is instead here suggested 
to be discussed openly with the patient and family members with the 
support of the current literature. The time when the disability has not 
yet manifested itself, it’s the right time to start talking about it, so as 
to give the patient and family time to formulate an informed decision 
with an anticipatory approach rather than postponing difficult deci-
sions until the time of clinical emergency.

Methods 

A search was performed in Pubmed and Medline database (period 
2022-2024) using generic terms to refer to Eol, Palliative care, burden 
of care, communication, depression, and respiratory supports, nonin-
vasive ventilation, NIV, cough machine, bronchial clearance specifical-
ly related to people with NMDs and muscle pathologies (i.e. ALS, DMD, 
Myopaties, muscular dystrophies etc) Only papers written in English 

were considered. Additional screening of the reference lists of key 
publications and searches using Google Scholar were performed to 
identify other relevant literature. A narrative non systematic approach 
was used to summarize the available literature as a rapid review.

Results and discussion

Communication

Communicating with patient and family is the first and most import-
ant aspect to consider during the whole course and management 
of NMD and their end-of-life phase. In fact, it is often reported that 
patients and families have no clear perception of the prognosis of 
these diseases until final phase becomes imminent and decisions 
about the patient’s life have to be made in a short time. This has 
been shown during COVID pandemia when the scarcity of physicians 
available emphasized the problem and many NMD patients received 
emergency tracheotomies or died because of lack of specific and 
close follow-up  16-17. Despite guidelines offer help recommending 
starting supportive therapies including NIV at early stage of the dis-
ease, this oftentimes is not what in real life happens 18. 
In the big picture of muscular diseases, there are stigmas that im-
pede communication with families. One of them is cited in a study on 
parents by Sadasivan et al. and it is that ‘children cannot die’ which 
is why when talking to NMD families about palliative care and the EoL 
they wrongly associate the topic with the risk of imminent death, thus 
preventing clear communication with families and long-term plan-
ning 18. Moreover, parents often are not aware of the palliative care 
services and hospices offered, Chrastina et al. demonstrated that up 
to 85% of families with Duchenne muscular dystrophy (DMD) have no 
knowledge of the significance and availability of palliative care ser-
vices 19. Furthermore, Sadasivan et al. pointed out that there’s a lack 
of clarity in communication from the parent about the child’s emo-
tional development towards his or her condition. Indeed, the parents 
do not completely comprehend if the child is selfaware of the own 
disease and whether is afraid of progressive functional deterioration 
or even death. Parents often are afraid to talk about the presence of 
the disease and so they fail to overcome the communication barri-
er 20. Regarding the young patient’s awareness of his illness, the lit-
erature is divided: in some studies the patient with DMD would not be 
aware, in others he would not be able to express himself due to his 
young age instead 19-20. As mentioned by Parker et al., oftentimes, the 
communication about the disability remains confined to the hospital 
where physician are supposed to deal with the disease in a holistic 
approach considering every aspect including the psychological bur-
den. Instead, the outpatients appointment are rarely a space where 
is possible to relax and chat about collateral experiences because 
the focus usually is on the urgent problems experienced between 
appointments. Therefore, large gaps remain unfilled in the communi-
cation within families with patient/s affected by NMD 9. In the same 
study, it is remarked not less importantly that children and families 
front the lack of care continuity in the transitioning age between child 
and adulthood.Thus, the patient and the family feel abandoned, with-
out reference points, and without the help from the usual doctor or 
mediator 9. Indeed, in families with language barriers, social isolation, 
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different cultural contexts it becomes more difficult to understand 
all the details of the process of care and most of all of the EoL pro-
gramme and its goals 9. Furthermore, when urgent care is required 
with admission in hospital and /or in ICU oftentimes a lack of sharing 
goals between physicians and family is described, thus increasing 
the psychological burden. In a recently published review, Neukirchen 
et al. described the family’s satisfaction about the management of 
EoL care and palliative care with less stress in ICU when there is a 
discussion and sharing of goals together with the physician 21-23 The 
palliative approach becomes necessary within all these topics aiding 
families and patients where needed but mostly the timely call for pal-
liative care integration within the care line can reduce moral distress 
within the team and families 23. 

Depression

Depression may involve both patients and their caregivers. With re-
gard to NMD patients, in a review by Oliver, it usually appears within 
the first year after diagnosis and in patients over 65 years of age, 
rates in studies vary from 4.4% to 12% respectively 24-26. 
The use of antidepressants was higher in adult NMD patients. Al-
though the wish to die was common, with 25% of patients expressing 
it, the majority did not have depression and only 37% of this group 
showed evidence of clinical depression 26 
It is important to identify clinical depression because in addition to 
reducing quality of life, it can minimize the patient’s willingness to 
start or continue treatment, including NIV thus, increasing the num-
ber of episodes of dyspnoea, hospitalizations and as a consequence 
the risk of death 27. 
A recent study has evaluated the psychosocial attitude of DMD 
patients showing them having more obsessive-compulsive tenden-
cies 28. In a study on patients with type 1 myotonic dystrophy, signs 
of clinical depression were identified in 32% of patients, and the de-
pressive condition was mild to moderate and comparable to ratings 
in other NMD 29. 
Caregivers feel guilty about abandoning their loved one and leading 
their own lives, so they tend to isolate themselves letting their psy-
chological tension increasing. It is important to be able to recognise 
the caregiver’s burden in order to prevent consequences to the pa-
tient and the whole family 29-30. 
The NICE guideline underlines that the supporting presence of a group 
of people close to the family and the carer is essential. A study using 
CSNAT (The Carer Support Needs Assessment Tool) showed that future 
planning, access to necessary tools, help when needed were the things 
carers and family members needed most in terms of support 31.
Recent studies show that volunteers can be also a valuable resource 
to include to help these families. Indeed the literature has reported 
that patients and caregivers may benefit from the emotional support 
and physical presence of volunteers like demonstrated by Cheng HW 
et al. during Human Avian Influenza A pandemia in 2013 32. 
The role of palliative care volunteers varies enormously from country 
to country: they are usually present in nursing homes, hospices, day 
care centres. They may look after simple but effective psychosocial 
aspects which in return have an enormous impact on the patient’s 
and caregiver’s burden of care (i.e. organising activities in day care 
centres, music therapy, bereavement care, haircutting and simple 

chatting and communication with the patients to understand and an-
ticipate their needs). As Hon Wai’s review underlines, in order to fur-
ther decrease the burden of care of the patient and family, voluntary 
caregivers should have a basic knowledge of palliative care so as to 
better integrate themselves into care 33. Carers instead may be hired 
privately or through public services or community care funding. How-
ever, some problems may be experienced by the family in terms of 
missing continuity of care with the same carer, there is a lack of em-
pathy related to a non-continuous job and also the lack of adequate 
specialist nursing training in the territory in the event of the patient’s 
clinical condition a worsening e.g. respiratory failure. Care agencies 
unfortunately did may not take responsibility in providing adequate 
information and high level of training regarding the different medical 
conditions of the individuals whom they care for 9. 
There are many other important topics which need to be explored in 
more details and which may contribute to the onset of depression 
in these patients; i.e. dysphagia, sleep disturbances, pain, anxiety, 
insomnia and dyspnea. Dysphagia is a common condition in NMD 
patient, in whom a variety of swallowing difficulties are reported. 
They are usually related to the functional decline of the swallowing 
and masticatory muscles. It exposes to aspiration pneumonia and 
respiratory infections which can be responsible for further clinical de-
terioration and admission to the hospital for respiratory insufficiency 
related complications 34. A periodic dysphagia evaluation is needed in 
the follow-up of these patients, trying to privilege oral intake as far 
as possible 35. 
Regarding the presence of sleep disturbances in NMD recent guide-
lines suggest use of Noninvasive Ventilation in NM patients. The pan-
el suggests using the AASM criteria for sleep-disordered breathing 
and hypoventilation for adult patients and the ERS criteria for pediat-
ric patients 18,36-37. However, the polysomnography is not necessary 
for adult patients to initiate NIV, the initial reduction of lung function 
tests it is a sufficient criteria and NIV may be responsible to improve 
the presence of sleep disturbances 18 
In patients with DMD multiple risk factors have been linked to sleep 
disturbances and insomnia, including medications like systemic ste-
roids, psychological and socioeconomic stressors. Other risk factors 
in these patients population include the use of nocturnal video games 
and online gaming which can be recreational but when played late 
at night can contribute to sleep disturbances and insomnia 38. Pro-
moting good sleep hygiene is pivotal in DMD patients. Recommen-
dation include the use of systemic steroids in the morning; melatonin 
may also be considered to help promoting regular sleep cycles when 
combined with sleep hygiene practices while other hypnotics med-
ications should be avoided when possible, due to sedative effects 
which can potentially suppress respiratory drive and further deterio-
rate their respiratory function 38.
Moreover, the majority of boys with DMD report the presence of 
chronic pain, usually related to inability to independently shift body 
position or secondary to muscle contractures 38.
Regarding the presence of anxiety disorders, a recent meta-analyses 
confirmed a higher prevalence of 24.0 % in DMD boys compared to 
7.2 % in non-diseased 5-19-yo, whereas it is 19.1% in young people 
with life-limiting conditions 38.
The 2018 DMD care guidelines recommend mental health screen-
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ing at neuromuscular clinic visits and the presence of a psychologist 
within the NMD team in order to the earlier and better identification 
of anxiety disorders, which can also contribute to a good quality of 
sleep and as a consequence to a better quality of life in general 39.
Dyspnea is a common and distressing symptom leading to depres-
sion and poor quality of the EOL phase of disease. The use of NIV may 
play a substantial role in palliation of dyspnea for patients with DMD 
and others with advanced ventilatory failure 38.

Non invasive ventilation (NIV) and other respiratory support 

As already mentioned, NIV increases survival and improves QoL and 
symptoms in NMD patients  18. In patients with amyotrophic later-
al sclerosis (ALS) without severe bulbar dysfunction, NIV improves 
survival with improvement in quality of life  40. Duchenne muscular 
dystrophy (DMD) without intervention has mean survival of around 19 
yrs. Through the use of NIV DMD patients may prolong their survival 
living till their 4th decade of life 41. However, early discussion for NIV 
initiation should be a standard of care in all these patients. In 2019, 
the Reinvent survey conducted among members of ERS NIV group 
studied ventilation and ventilator prescription modalities in NMD 
patients. The most commonly used ventilation mode was pressure 
support, whether or not accompanied by a guaranteed volume. A 
single circuit with an intentional leak port and heated humidifier were 
the preferred setting together with either oronasal/mouthpiece or a 
rotational strategy of the ventilatory interfaces especially for those 
patients presenting with diurnal residual dyspnoea and/or hypercap-
nia 42. 
In these patients’ population the ventilatory support is usually ini-
tiated during the night and progressively becomes needed during 
the daytime hours while the alveolar hypoventilation worsens and 
the muscle weakness progresses  8. Rotational strategy of different 
interfaces becomes important to allow more ventilation time through-
out the day and the night (i.e. mouthpiece or nasal masks, nasal 
pillows/cushions during the day and oronasal mask at night) thus 
reducing the risk of interface decubitus formation. Other expedients 
may be to use interfaces with magnetic attachments that facilitate 
closure in patients with upper limb hypomobility. Mouthpiece venti-
lation with a very sensitive inspiratory ‘kiss trigger’ is also the most 
favourite interface for daytime ventilation, whereby simply touching 
the interface with the lips initiates ventilation (®Philips Respironics 
Murrysville, USA) 43. The NIV adherence may be influenced by several 
other factors: family support, psychological factors, fear for death/
intubation/tracheostomy, good communication with clinicians, close 
follow-up, severity of disease, perception of benefits. Intermittent ab-
dominal pressure ventilation (IAPV) (which is not mentioned in the 
current guidelines and used in a few centres in combination with NIV) 
has been suggested for those patients who are uncomfortable with 
any ventilatory interface during awake time. It is a type of daytime 
ventilation with an inflatable belt connected to a ventilator. The IAPV 
provides pressure via an inflatable sac attached to a belt positioned 
around the abdomen; the pressure in the belt pushes inward the 
abdomen and elevates the diaphragm resulting in lung exhalation. 
After that, the sac slowly deflates and the diaphragm returns to its 
place promoting passive inhalation 44. Moreover, in a case-series of 
patients with NMD admitted in hospital affected by an episode of 

severe acute respiratory insufficiency, the high flow nasal cannula 
(HFNC) device has been successfully evaluated. Indeed, the latter 
support can be an add-on combination of respiratory support which 
support nocturnal NIV for patients with intolerance to continuous NIV. 
It offers an opportunity to discontinue NIV in NMD patients as long as 
NIV is not interrupted during the night and the levels of PaCO2 levels 
remain acceptable 45. 

Bronchial secretion management 

Cough is an essential reflex to remove foreign bodies and secre-
tions from airways 46.Weakness of the inspiratory muscles leads to 
a progressive decrease in vital capacity (VC), to add a alterations 
of the mechanical properties of chest wall and of the lung leading 
to loss of the effectiveness of cough, that is compromised both in 
inspiratory and espiratory phases 47 causing sputum retention with 
mucus plugging. These retention can cause severe and possibly 
life-threatening complications  48. The cough expiratory airflow is 
called peak cough flow (PCF) and in individual affected by NMD it is 
decreased. It should be assessed in all patients with muscle weak-
ness when forced vitality capacity is less than 2 liters  49. Normally 
the effective PCF in spontaneous breathing must be greater than 
270 L/; however a PCF > 160 L/min is the minimum flow to obtain 
an effective cough flow in people with neuromuscular impairment, 
it can be obtained with in-exsufflator, air stacking or other manually 
supporting manoeuvres. Indeed, Bach et al. suggested that in adult 
patients the value for PCF useful to predict successful extubation and 
decannulation is over 160 L/min, is the minimum flow to obtain an 
effective cough flow in people with neuromuscular impairment 50. Of-
tentimes, cough is not assessed during outpatient visits nor a timely 
prescription of the cough machine is provided to these patients lead-
ing to secretions retention and frequent respiratory exacerbations 
and pneumonia. On the contrary correct airway clearance techniques 
help to prevent pneumonia, atelectasis and improve the quality of 
life in all NMD patients. In clinical practice there are various airway 
clearance techniques used 51 Manually Assisted Cough (MAC) consist 
of manual abdominal and costophrenic compressions, that causes 
a increase in abdominal pressure. Mechanical insufflator-exsufflator 
(MI-E) is a mechanical technique where a machine insufflate air with 
aims to “fill” the lungs. This is followed by a rapid exsufflation that 
expel air from the lungs. The rapid passage from positive to negative 
pressures simulate the physiologic changes during a normal cough, 
guarantying airway clearance 52-53

Some therapies that are used to treat patients affected by revers-
ible conditions are not be suitable in palliative care. Suctioning is a 
therapy used to remove secretion from patient’s airways but is often 
associated with complications as uncontrollable coughing, pain, at-
electasis, haemoptysis and airway injuries 54. Being a painful proce-
dure, palliative care guidelines suggest that the indication of suc-
tioning procedure should be done carefully. However, therapies that 
aims to improve voluntary cough effectiveness are less indicated to 
be used in palliative care. Pharmacological therapy with mucolytics, 
anti-muscarinic agents and cough sedatives medications should also 
be considered.

Withdrawn from NIV 
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In the literature there is lack of information about NMD patients’ 
choices about withdrawal from NIV during their EoL care. They have 
no curative treatment and the prognosis may be short, so discussion 
about EoL is necessary in early stage of disease  55. The important 
questions are when NIV should be stopped and when it is unsuccess-
full 56. Withdrawal from NIV is when respiratory support is interrupted, 
favouring a natural death. Actually, there are no guidelines regarding 
this topic, and there is a large variability to approach. Clinical be-
haviour is influenced by economics, cultural, religious legal factors, 
and physicians experience and personal attitude 57-58. 
When patients are found suitable for withdraw from NIV, there are 
different options whether they are competent or not 59. A competent 
patient is able to understand information and prognosis about the 
health status and is able to express the will about own health. In 
competent patients who decide to withdraw from NIV, a psychiatric 
consult should be requested to screen for depression or psychosis. 
A fundamental principle that must be observed is the patient’s au-
tonomy respect, and family should be involved in the decision 60-61. 
In non-competent patients, a collegial discussion is necessary and 
clinicians should referred to local regulations and laws 61.
Withdrawn from NIV is ethical when it is a decision taken in the full 
respect of patient’s values and priorities. The NIV should be interrupt-
ed when it is no longer reaching the patient’s goals of care 62. 
The NIV interruption may be immediate or gradual and there is not 
consensus about the rightest approach. Usually weaning is reached 
in a variable time, ranging from hours to days. First step consist to 
gradually reduce positive expiratory pressure, while inspiratory oxy-
gen fraction is reduced to room air. This should determinate patient 
distress, so a close monitoring is needed. In case of distress, an 
adjustment in pharmacologic sedation may be request. Most patients 
died when the expiratory end pressure and pressure support is ze-
ro 61. After death, a rebriefing and psychologic support of the caring 
team and family should be performed.

Unmet needs of patients and caregivers

In the area of palliative care and end of life in neuromuscular patients, 
there are many unmet needs. Communication remains still a high 
barrier to overcome from both side the physician and the patient/
caregiver. For instance, families of affected children still know little 
about the available services and tend to remain isolated, increasing 
the psychological burden 20. In the Netherlands, a neurological study 
was conducted: The NMD patient (in that case suffering from ALS) al-
ready from the neurological outpatient clinic should be informed with 
frequent outpatients meeting about the evolution and progression of 
the pathology. With meetings at regular intervals, the patient may 
develop mature decisions about his life, helped by psychologists and 
psychotherapists, and the family itself becomes part of a pathway 
of self-awareness and preparation for the evolution of the disease. 
Thus, the patient’s sense of tension and frustration is reduced by a 
plan that is also shared and understood by his family with the help of 
a multidisciplinary team: deciding in advance whether start non-in-
vasive mechanical ventilation or undergo tracheostomy or PEG place-
ment or withdraw mechanical ventilation 31. Also psychological issues 
may be faced in this context with siblings and family. The aim should 
always be to reinforce the message of allowing multidisciplinary team 

to look after these patients (i.e. respiratory specialist, palliative care, 
neurologist, physiatrist, otorhinologist, gastroenterologist, psycholo-
gist, nutritionist etc). Thus, in order to detect and to adopt timely 
solutions to provide tailored solutions on a case-by-case basis 18. All 
these measures must be part of an integrated outpatient pathway 
consisting of cyclic short term meetings 15 

Conclusions

In this review the importance of the multidisciplinary team in dealing 
with the burden of the EoL care for MD and NMD patients has been 
highlighted. Cyclic tailored meetings in outpatient setting to mature 
fundamental timely decisions should be organized in an integrated 
manner for these patients: investigating, NIV initiation and future po-
tential withdrawn, use of bronchial secretion machines or technique, 
anxiety, depression, pain and sleep quality. It must be considered that 
since muscular pathologies involve younger populations of neuromus-
cular patients, a communication barrier may be determined by the 
young age of the patient himself, who is unable to express himself. 
The child is aware before that age but does not express anxieties 
directly but may doing so indirectly 20. This difficult path to self-aware-
ness therefore requires planning, space and time in which the child 
can understand, accompanied by an experienced team, the severity 
of his or her progressive disability and can, over time, make conscious 
decisions about himself or herself 20. Moreover, parents often are not 
aware of the palliative care services and hospices offered as shown 
by Arias et al. (2011), up to 85% of families with DMD have no knowl-
edge of the significance of palliative care services  19. The planning 
and effective communication between multidisciplinary team of phy-
sicians/health care providers, patient and caregiver is crucial in the 
terminal phase. Isolation of the patient and caregiver must be avoided, 
using specific palliative care facilities or hospices where the patient 
can be cared of when the burden of care becomes unsustainable for 
the family or carer. Moreover, the presence of a dense network of car-
ing figures including volunteers outside the hospital should be further 
encouraged and fostered in the complex management of these pa-
tients and their cares. Lastly, the timely start of the respiratory support 
in terms of NIV and secretion management is pivotal. This should lead 
to a meaningful multidisciplinary discussion with the palliative care 
team with the competent patient or the family/carer about the plan to 
how and when eventually withdrawn from all respiratory supports and 
machines for secretions clearing. The main goal whenever the time 
comes should always be to support as much as possible the personal 
and specific patients’ desires in their last phase of life. 

Conflict of interest statement

The authors declare there are no conflict of interest. 

Funding

None

Authors’ contributions

MLdC, PP conceptualization; MLdC and PP, methodology, formal 
analysis, visualization; MLdC, software, MLdC, PP, GER, AC data cu-



Maria Luisa de Candia et al.

76

ration; GEC, validation; PP, MLdC investigation, original manuscript 
drafting; MLdC, PP, AC, GER, resources; PP, MLdC, AC, writing-review 
and editing; PP, supervision; GEC, project administration. All the au-
thors read and approved the final version of the manuscript

Ethical consideration

None.

References
1	 Stephen C Bourke A, Respiratory involvement in NMD disease. Clin Med (Lond). 

2014;141:72-5. https://doi.org/10.7861/clinmedicine.14-1-72

2	 Pinto T, Chatwin M, Banfi P, et al. Mouthpiece ventilation and complementary 

techniques in patients with NMD disease:A brief clinical review and update, Chron 

Respir Dis. 2017;14(2):187-193. https://doi.org/10.1177/1479972316674411

3	 Ishikawa Y, Miura T, Ishikawa Y, et al. Duchenne muscular dystrophy:survival by 

cardio-respiratory interventions. Neuromuscul Disord. 2011;21:47-51. https://

doi.org/10.1016/j.nmd.2010.09.006

4	 Simonds AK, Muntoni F, Heather S, et al. Impact of nasal ventilation on survival in 

hypercapnic Duchenne muscular dystrophy. Thorax. 1998;53:949-952. https://

doi.org/10.1136/thx.53.11.949

5	 Eagle M, Baudouin SV, Chandler C, et al. Survival in Duchenne muscular dystro-

phy:improvements in life expectancy since 1967 and the impact of home noctur-

nal ventilation. Neuromuscul Disord. 2002;12:926-929. https://doi.org/10.1016/

s0960-8966(02)00140-2

6	 Radunovic A, Annane D, Rafiq MK, et al. Mechanical ventilation for amyotrophic 

lateral sclerosis/motor neuron disease. Cochrane Database Syst Rev. 2017 Oct 

6;10(10):CD004427. https://doi.org/10.1002/14651858.CD004427.pub4

7	 Annane D, Orlikowski D, Chevret S. et al.  Nocturnal mechanical ventila-

tion for chronic hypoventilation in patients with NMDand chest wall disor-

ders. Cochrane Database Syst Rev 2014;2014(12):CD001941. https://doi.

org/10.1002/14651858.CD001941.pub3

8	 Crimi C, Pierucci P, Carlucci A, et al. Long-Term Ventilation in Neuromuscu-

lar Patients: Review of Concerns, Beliefs, and Ethical Dilemmas. Respiration. 

2019;97(3):185-196. https://doi.org/10.1159/000495941 

9	 Parker D, Maddocks I, Stern LM, The role of palliative care in advanced muscular 

dystrophy and spinal muscular atrophy, J. Paediatr. Child Health. 1999;35:245-

250. https://doi.org/10.1046/j.1440-1754.1999.00351.x 

10	 Curtis JR. Palliative and end-of-life care for patients with severe COPD. Eur Respir 

J. 2008;32:796-803. https://doi.org/10.1183/09031936.00126107

11	 Clinical Practice Guidelines for Quality Palliative Care, National Consensus Project 

for Quality Palliative Care. www.nationalconsensusproject.org/guideline.pdf. Na-

tional Coalition for Hospice and Palliative Care, 4th edition, 2018.

12	 Shanawani H, Wenrich MD, Tonelli MR, et al. Meeting physicians’ responsi-

bilities in providing end-of-life care. Chest. 2008;133:775-778. https://doi.

org/10.1378/chest.07-21777 

13	 Murray SA, Kendall M, Boyd K, et al. Illness trajectories and palliative care. BMJ. 

2005;330:1007-1011. https://doi.org/10.1136/bmj.330.7498.1007

14	 Lunney JR, Lynn J, Foley DJ, et al. Patterns of functional decline at the end of 

life. JAMA 2003;289:2387-2392. https://doi.org/10.1001/jama.289.18.2387

15	 Vilma Adriana Tripodoro and Eduardo Luis De Vito, What does end stage in neuro-

muscular diseases mean? Key approach-based transitions  Curr Opin Support Pal-

liat Care. 2015;9(4):361-8. https://doi.org/10.1097/SPC.0000000000000172

16	 Volpato E, Pierucci P,  De Candia ML, et al. Life experiences in NMD tracheoto-

mised patients in times of Covid-19  J Neuromuscul Dis. 2023;10(4):517-529. 

https://doi.org/ 10.3233/JND-221597

17	 Pierucci P, Volpato E, Grosso F, et al. Caregivers of NMD patients living with trache-

ostomy during COVID-19 pandemic:their experience.  J Clin Med. 2023;12:555. 

https://doi.org/10.3390/jcm12020555

18	 Khan A, Frazer-Green L, Amin R, et al. Respiratory Management of Patients 

with NMD Weakness: An American College of Chest Physicians Clinical Prac-

tice Guideline and Expert Panel Report. Chest 2023;164(2):394-413 https://doi.

org/10.1016/j.chest.2023.03.011

19	 Chrastina  J, Harokov M. End of Life in Boys and Young Men With Duchenne 

Muscular Dystrophy-The Perspective of Dying Men and Their Families: A System-

atic Review and Thematic Synthesis of Qualitative Evidence- Omega (Westport). 

2023:302228231186358. https://doi.org/10.1177/00302228231186358

20	 Sadasivan A, Warrier MG, Polavarapu K, et al., Palliative Care in Duchenne 

Muscular Dystrophy: A Study on Parents’ Understanding. Indian J Palliat Care. 

2021;27:146-51). https://doi.org/10.4103/IJPC.IJPC_259_20 

21	 Metaxa V, Anagnostou D, Vlachos S, et al. Palliative care interventions in intensive 

care unit patients. Intensive, Care Med. 2021;47(12):1415-1425. https://doi.

org/10.1007/s00134-021-06544-6 

22	 Van den Bulcke B, Metaxa V, Reyners AK, et al. Ethical climate and intention to 

leave among critical care clinicians:an observational study in 68 intensive care 

units across Europe and the United States. Intensive Care Med. 2020;46(1):46-

56. https://doi.org/10.1007/s00134-019-05829-1 

23	 Neukirchen M, Metaxa V, Maximilian S. Schaefer, Palliative care in intensive 

care Intensive Care Med. 2023;49(12):1538-1540. https://doi.org/10.1007/

s00134-023-07260-z 

24	 Hicks F, Corcoran G. Should hospices offer respite admissions to patients 

with motor neurone disease? Palliat Med. 1993;7:145-150. https://doi.

org/10.1177/026921639300700209

25	 Connolly S, Galvin M and Hardiman O. End of-life management in patients 

with amyotrophic lateral sclerosis. Lancet 2015;14:435-442. https://doi.

org/10.1016/S1474-4422(14)70221-2

26	 Baile WF, Buckman R, Lenzi R, et al. SPIKES-a six-step protocol for delivering bad 

news:application to the patient with cancer. Oncologist 2000;5:302-311. https://

doi.org/10.1634/theoncologist.5-4-302 

27	 Annunziata A, Calabrese C, Simioli F, et al. Psychological Factors Influenc-

ing Adherence to NIV in NMD Patients Dependent on Non Invasive Mechani-

cal Ventilation: Preliminary Results J Clin Med. 2023;12(18):5866. https://doi.

org/10.3390/jcm12185866 

28	 Lee AJ, Buckingham ET, Kauer AJ, et al. Descriptive phenotype of obsessive com-

pulsive symptoms in males with Duchenne Muscular Dystrophy, J Child Neurol. 

2018;33(9):572-579. https://doi.org/10.1177/0883073818774439

29	 Oh J, Kin JA. Factor analysis of the Zarit Burden interview in family caregivers 

of patients with amyotrophic lateral sclerosis. Amyotroph Lateral Scler Fronto-

temporal Degener. 2018;19:50-56. https://doi.org/10.1080/21678421.2017.1

385636

https://doi.org/10.7861/clinmedicine.14-1-72
https://doi.org/10.1177/1479972316674411
https://doi.org/10.1016/j.nmd.2010.09.006
https://doi.org/10.1016/j.nmd.2010.09.006
https://doi.org/10.1016/j.nmd.2010.09.006
https://doi.org/10.1016/j.nmd.2010.09.006
https://doi.org/10.1016/s0960-8966(02)00140-2
https://doi.org/10.1016/s0960-8966(02)00140-2
https://doi.org/10.1002/14651858.CD004427.pub4
https://doi.org/10.1002/14651858.CD001941.pub3
https://doi.org/10.1002/14651858.CD001941.pub3
https://doi.org/10.1159/000495941
https://doi.org/10.1046/j.1440-1754.1999.00351.x
https://doi.org/10.1183/09031936.00126107
http://www.nationalconsensusproject.org/guideline.pdf
https://doi.org/10.1378/chest.07-21777
https://doi.org/10.1378/chest.07-21777
https://doi.org/10.1136/bmj.330.7498.1007
https://doi.org/10.1001/jama.289.18.2387
https://doi.org/10.1097/SPC.0000000000000172
https://doi.org/
https://doi.org/10.3390/jcm12020555
https://doi.org/10.1016/j.chest.2023.03.011
https://doi.org/10.1016/j.chest.2023.03.011
https://doi.org/10.1177/00302228231186358
https://doi.org/10.4103/IJPC.IJPC_259_20
https://doi.org/10.1007/s00134-021-06544-6
https://doi.org/10.1007/s00134-021-06544-6
https://doi.org/10.1007/s00134-019-05829-1
https://doi.org/10.1007/s00134-023-07260-z
https://doi.org/10.1007/s00134-023-07260-z
https://doi.org/10.1177/026921639300700209
https://doi.org/10.1177/026921639300700209
https://doi.org/10.1016/S1474-4422(14)70221-2
https://doi.org/10.1016/S1474-4422(14)70221-2
https://doi.org/10.1634/theoncologist.5-4-302
https://doi.org/10.1634/theoncologist.5-4-302
https://doi.org/10.3390/jcm12185866
https://doi.org/10.3390/jcm12185866
https://doi.org/10.1177/0883073818774439
https://doi.org/10.1080/21678421.2017.1385636
https://doi.org/10.1080/21678421.2017.1385636


Concise review of end of life and palliative care in neuromuscular pathologies

77

30	 De Wit J, Bakker LA, van Groenestijn AC, et al. Caregiver burden in amyotrophic 

lateral sclerosis:a systematic review. Palliat Med. 2018;32:231-245. https://doi.

org/10.1177/0269216317709965

31	 David J. Oliver Palliative care in motor neurone disease: where are 

we now? Palliat Care. 2019:12:1178224218813914. https://doi.

org/10.1177/1178224218813914

32	 Cheng HW, Li CW, Chan KY, et al. The first confirmed case of human avian in-

fluenza A(H7N9) in Hong Kong and the suspension of volunteer services: im-

pact on palliative care. J Pain Symptom Manage. 2014;47:e5-7. https://doi.

org/10.1016/j.jpainsymman.2013.12.234 

33	 Cheng HWB, Chan KY, Chung YKJ, et al. Supportive & palliative interventions in 

motor neurone disease:what we know from current literature? Ann Palliat Med 

2018;7(3):320-331. https://doi.org/10.21037/apm.2017.10.01 

34	 N Ambrosino, N Carpenè, M Gherardi. Chronic respiratory care for neuro-

muscular diseases in adults Eur Respir J. 2009;34(2):444-51. https://doi.

org/10.1183/09031936.00182208 

35	 Salera S, Menni F, Moggio M et al. Nutritional Challenges in Duchenne Muscular 

Dystrophy. Nutrients. 2017;9(6):594. https://doi.org/10.3390/nu9060594

36	 Berry RB, Budhiraja R, Gottlieb DJ, et al. Rules for scoring respiratory events in 

sleep:update of the 2007 AASM Manual for the Scoring of Sleep and Associated 

Events. Deliberations of the Sleep Apnea Definitions Task Force of the American 

Academy of Sleep Medicine. J Clin Sleep Med. 2012;8(5):597-619. https://doi.

org/10.5664/jcsm.2172

37	 Fauroux B, Abel F, Amaddeo A, et al. ERS statement on paediatric long-term 

non-invasive respiratory support. Eur Respir J. 2022;59(6):2101404. https://doi.

org/10.1183/13993003.01404-2021

38	 Erin W. MacKintosh, Maida L., Joshua O. Benditt, Lifetime Care of Duchenne Mus-

cular Dystrophy, Sleep Med Clin. 2020;15:485-495 https://doi.org/10.1016/j.

jsmc.2020.08.011;

39	 Trimmer RE, Mandy WPL, Muntoni  F, et al. Understanding anxiety experi-

enced by young males with Duchenne muscular dystrophy: a qualitative focus 

group study Neuromuscul Disord 2024;34:95-104. https://doi.org/10.1016/j.

nmd.2023.12.002

40	 Bourke SC, Tomlinson M, Williams TL, et al. Effects of non-invasive ventila-

tion on survival and quality of life in patients with amyotrophic lateral sclero-

sis:a randomised controlled trial. Lancet Neurol. 2006;5(2):140-7. https://doi.

org/10.1016/S1474-4422(05)70326-4. PMID:16426990

41	 Beesley V, Molloy H, Elliott MW, et al. Non-invasive ventilation (NIV) in Duchenne 

muscular dystrophy :A review of 17 years of practice. Eur Respir J Sep 2016;48 

(suppl 60: PA3067. https://doi.org/10.1183/13993003.congress-2016.PA3067

42	 Pierucci P, Crimi C, Carlucci A.  REINVENT: ERS International survey on REstrictive 

thoracic diseases IN long term home noninvasive VENTilation. ERJ Open Res. 

2021;7:00911-2020. https://doi.org/10.1183/23120541.00911-2020

43	 Pierucci P, Portacci A, Carpagnano GE, et al. The right interface for the right 

patient in noninvasive ventilation: a systematic review. Expert Rev Respir Med. 

2022;16(8):931-944 https://doi.org/10.1080/17476348.2022.2121706

44	 Annunziata A, Pierucci P, Banfi PI, et al. Intermittent abdominal pressure venti-

lation management in NMDs:a Delphi panel Consensus, Expert Rev Respir Med.  

2023;17:6:517-525. https://doi.org/10.1080/17476348.2023.2226391

45	 Lionello  F, Lapia  F, Molena B. The Safety of a High-Flow Nasal Cannula in NMD 

Patients with Acute Respiratory Failure: A Retrospective Case-Series Study, J. Clin 

Med. 2023;12:6061. https://doi.org/10.3390/jcm12186061

46	 Zahm JM, King M, Duvivier C, et al. Role of simu-lated repetitive coughing in 

mucus clearance, Eur Respir J 1991 Mar;4(3):311-5. 

47	 Schneerson JMSA. Noninvasive ventilation for chest wall and neuromuscular 

disorders, Eur Respir J 2002;20:480-487. https://doi.org/10.1183/09031936

.02.00404002 

48	 Marini JJ, Formenti P. Pathophysiology and prevention of sputum retention. 

In:  Webb A, and others (eds), Oxford Textbook of Critical Care, 2 edn, Oxford 

Textbook (Oxford, 2016;online edn, Oxford Academic, 1 Apr. 2016). https://doi.

org/10.1093/med/9780199600830.003.0119

49	 Gauld LM, Boynton A. Relationship between peak cough flow and spirometry in 

Duchenne muscular dystrophy. Pediatr Pulmonol. 2005;39:457-460. https://doi.

org/10.1002/ppul.20151

50	 Bach JR, Saporito LR. Criteria for extubation and tracheostomy tube remov-

al for patients with ventilatory failure. A different approach to weaning. Chest 

1996;110(6):1566-71. https://doi.org/10.1378/chest.110.6.1566

51	 Chatwin M, Toussaint M, Goncalvez MR, et al. Airway clearance techniques 

in neuromuscular disorders:a state of the art review. Respiratory Medicine 

2018;136:98-110. https://doi.org/10.1016/j.rmed.2018.01.012. Epub 2018 

Feb 6. 

52	 Sancho J, Servera E, Vergara P, et al. Mechani-cal insufflation-exsufflation vs. 

tracheal suctioning via tracheostomy tubes for patients with amyotrophic lat-eral 

sclerosis: A pilot study. Am J Phys Med Rehabil. 2003;82(10):750-3. https://doi.

org/10.1097/01.PHM.0000087456.28979.2E

53	 AARC AAfRC. AARC clinical practice guideline. Nasotracheal suctioning. Respir 

Care. 1992;37(8):898-901.

54	 Arcuri JF, Abarshi E, Preston NJ, et al. Benefits of interventions for respiratory 

secretion management in adult palliative care patients-a systematic review. BMC 

Palliat Care. 2016;15:74.  https://doi.org/10.1186/s12904-016-0147-y

55	 National Institute for Health and Care Excellence (NICE). Motor neurone dis-

ease:assessment and management (NICE guideline NG 42). London: NICE, 2016, 

www.nice.org.uk/guidance/NG42

56	 Campbell ML. How to withdraw mechanical ventilation:a systematic re-

view of the literature. AACN Adv Crit Care. 2007;18:397-403. https://doi.

org/10.4037/15597768-2007-4008

57	 Paruk F, Kissoon N, Hartog CS, et al. The Durban World Congress Ethics 

Round Table Conference Report:III. Withdrawing mechanical ventilation-the 

approach should be individualized. J Crit Care. 2014;29:902-907. https://doi.

org/10.1016/j.jcrc.2014.05.022. Epub 2014 Jun 4

58	 Sprung CL, Woodcock T, Sjokvist P, et al. Reasons, considerations, difficulties 

and documentation of end-of-life decisions in European intensive care units: the 

ETHICUS Study. Intensive Care Med. 2008;34:271-277. https://doi.org/10.1007/

s00134-007-0927-1. Epub 2007 Nov 9

59	 Pierucci P, Carlucci A. End-stage respiratory diseases and respiratory support. Eur 

Respir Monogr. 2016;73:233-246. https://doi.org/10.1183/2312508X.erm7316

60	 Campbell ML. Case studies in terminal weaning from mechanical ventilation. Am 

J Crit Care 1993;2:354-358, PMID:8220666

61	 Campbell ML. Terminal weaning: it’s not simply pull-

ing the plug. Nursing. 1994;24(9):34-9; quiz 40. https://doi.

org/10.1097/00152193-199409000-00019

62	 Esbensen KL. What matters most when considering noninvasive ventilation for 

patients with do-not-intubate or comfort-measures-only orders? Crit Care Med. 

2018;46:1367-1370. https://doi.org/10.1097/CCM.0000000000003236

https://doi.org/10.1177/0269216317709965
https://doi.org/10.1177/0269216317709965
https://doi.org/10.1177/1178224218813914
https://doi.org/10.1177/1178224218813914
https://doi.org/10.1016/j.jpainsymman.2013.12.234
https://doi.org/10.1016/j.jpainsymman.2013.12.234
https://doi.org/10.21037/apm.2017.10.01
https://doi.org/10.1183/09031936.00182208
https://doi.org/10.1183/09031936.00182208
https://doi.org/10.3390/nu9060594
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.1183/13993003.01404-2021
https://doi.org/10.1183/13993003.01404-2021
https://doi.org/10.1016/j.jsmc.2020.08.011
https://doi.org/10.1016/j.jsmc.2020.08.011
https://doi.org/10.1016/j.nmd.2023.12.002
https://doi.org/10.1016/j.nmd.2023.12.002
https://doi.org/10.1016/S1474-4422(05)70326-4
https://doi.org/10.1016/S1474-4422(05)70326-4
https://doi.org/10.1183/13993003.congress-2016.PA3067
https://doi.org/10.1183/23120541.00911-2020
https://doi.org/10.1080/17476348.2022.2121706
https://doi.org/10.1080/17476348.2023.2226391
https://doi.org/10.3390/jcm12186061
https://doi.org/10.1183/09031936.02.00404002
https://doi.org/10.1183/09031936.02.00404002
https://doi.org/10.1093/med/9780199600830.003.0119
https://doi.org/10.1093/med/9780199600830.003.0119
https://doi.org/10.1002/ppul.20151
https://doi.org/10.1002/ppul.20151
https://doi.org/10.1378/chest.110.6.1566
https://doi.org/10.1016/j.rmed.2018.01.012
https://doi.org/10.1097/01.PHM.0000087456.28979.2E
https://doi.org/10.1097/01.PHM.0000087456.28979.2E
https://doi.org/10.1186/s12904-016-0147-y
http://www.nice.org.uk/guidance/NG42
https://doi.org/10.4037/15597768-2007-4008
https://doi.org/10.4037/15597768-2007-4008
https://doi.org/10.1016/j.jcrc.2014.05.022
https://doi.org/10.1016/j.jcrc.2014.05.022
https://doi.org/10.1007/s00134-007-0927-1
https://doi.org/10.1007/s00134-007-0927-1
https://doi.org/10.1183/2312508X.erm7316
https://doi.org/10.1097/00152193-199409000-00019
https://doi.org/10.1097/00152193-199409000-00019
https://doi.org/10.1097/CCM.0000000000003236

