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Introduction: The increasing prevalence of life-threatening neurological 
diseases raises the need for neuropalliative care. Setting up neurological 
palliative outpatient clinics is one way of addressing this need. This study aims 
to describe the patient clientele of a neurological palliative outpatient clinic and 
the spectrum of necessary treatments and interventions.
Methods: In this longitudinal analysis, clinical routine data from a single centre 
were collected retrospectively from adult patients. The patient characteristics 
related to disease and treatment were evaluated descriptively. Factors 
influencing the need for ventilation were modelled in a logistic regression. The 
required treatment effort was modelled with a zero-inflated Beta regression. 
Results were reported as odds ratios with 95% confidence intervals (CIs).
Results: Two hundred and thirty-two patients were included in the study. Ninety-
one patients were women, 141 were men, and the mean age was 55.42 years. 
Neuropalliative patients represented diagnoses such as amyotrophic lateral 
sclerosis (ALS) (n = 81), ischemic stroke (n = 15), intracerebral haemorrhage 
(n = 15), Duchenne muscular dystrophy (n = 12), or craniocerebral trauma 
(n = 10). Palliative care counselling was the most common intervention for 
patients (n = 203), their close relatives (n = 177), and their nursing services 
(n = 75). Respiratory therapy (n = 188), speech and language therapy (n = 145), 
and physiotherapy (n = 143) were also frequently applied interventions. Sixty 
patients received botulinum toxin A treatment for hypersalivation, and 32 for 
spasticity. The odds of needing invasive ventilation increased by 3.7 (CI 1.7–
7.8), and the need for mechanical insufflation-exsufflation increased by 2.2 (CI 
1.1–4.3) in patients previously discharged from early neurological-neurosurgical 
rehabilitation. Prior intensive care treatment increased the odds of invasive 
ventilation by 5.1 (CI 2.2–11.5) and the use of mechanical insufflation-exsufflation 
by 2.3 (CI 1.1–4.8).
Conclusion: Neuropalliative outpatient clinics demand a wide range of 
diagnostic measures and interventions as well as a multidisciplinary approach. 
Further research is necessary to investigate the relation between diagnosis and 
treatment needs.
Clinical trial registration: https://drks.de/search/en/trial/DRKS00030778, 
identifier DRKS00030778.
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Introduction

The holistic concept of palliative care

According to the definition provided by the World Health 
Organisation (WHO), palliative care is a clinical approach aimed at 
improving the quality of life for individuals with life-threatening 
illnesses and their close relatives (1). This includes not only 
relieving physical discomfort but also addressing psychological, 
social, and spiritual needs (1, 2). In palliative medicine, physicians 
alleviate the patients’ physical symptoms, for example, by 
administering pain medication (3). In addition, technological 
communication options such as telemedicine complement clinical 
care, which may facilitate access to consultations, especially for 
patients in rural areas (4).

The above-stated definition of palliative care by the WHO 
identifies life-threatening but non-life-limiting illnesses as conditions 
requiring palliative care (1). An example of a life-threatening, non-life-
limiting disease is a brain stem infarction with dysphagia and the use 
of a tracheal cannula. When this infarction becomes chronic, it is also 
classified as a long-term neurological condition (LTNC). LTNCs are 
conditions caused by an injury or illness of the nervous system and 
have an impact on a person for the whole life (5).

Indications for neuropalliative care

Demographic processes, amongst other reasons, lead to a growing 
number of patients with life-threatening LTNCs (3, 6). Therefore, 
palliative care is becoming increasingly important within neurology 
(7, 8). Neuropalliative care provides all interventions necessary to 
prevent or relieve suffering, sustain quality of life, and foster 
participation in patients with life-threatening neurological diseases. It 
also takes into account the concerns of the patient’s close relatives. 
Besides, neuropalliative care is a highly specialised and 
non-discriminating discipline (3, 9).

LTNCs treated in palliative care settings include motor neuron 
diseases, muscular dystrophies, dementia, brain tumours, Parkinson’s 
disease, multiple sclerosis (10–12), and many more. These diseases 
may be  progressive and often have a protracted and sometimes 
fluctuating course (13). Moreover, acute neurological disorders such 
as strokes can cause life-long sequelae, for example, impaired 
consciousness, aspiration, spasticity, or pain (14–17). In addition, it is 
not easy to identify a separate dying phase in patients with LTNCs 
(18). Therefore, patients with neurological diseases may require 
palliative care treatment for a longer time than patients with other 
life-threatening illnesses (19). As the disease progresses, patients have 
needs and complications that differ from those of other diseases, such 
as terminal cancer (2, 7, 10). Furthermore, patients whose diseases are 
not neurological also show neurological and/or neuropsychiatric 
symptoms in the palliative stage (20). These symptoms include, for 
example, sensory complaints (“tightness, tingling, burning”) [(20), 
p. 4] or sleep disorders.

Palliative care interventions in neurological 
patients

Due to the complexity of patients’ needs, treatment from 
different disciplines is required (3, 12). Therefore, strictly separating 
medical concepts of neurology, rehabilitation, and palliative care is 
inappropriate for patients with LTNCs (5, 21). A systematic review 
of 68 studies (11) showed that a multidisciplinary treatment 
approach in palliative care facilities reduces disease symptoms and 
improves the quality of life for people with chronic and progressive 
neurological diseases. The guideline on palliative care for 
neurological diseases published by the German Neurological Society 
therefore states that “multidisciplinary teams of modern palliative 
care perceive themselves as teams for a better quality of life” [(22), 
p.  13]. Palliative care teams may include nursing, occupational 
therapy, physiotherapy, psychotherapy, speech and language therapy, 
respiratory therapy, augmentative and alternative communication 
(AAC), counselling for relatives, and medical treatment.

In occupational therapy, activities of daily living (ADL), such as 
personal hygiene, are adapted and supported so patients can perform 
them independently for as long as possible (12, 23). Moreover, 
equipping patients with supportive devices and teaching them how 
to use these devices enables them to live more comfortably at home 
(23). Physiotherapists provide movement exercises, transfer training, 
and manual therapy to maintain muscle function, address 
comorbidities, and reduce pain (24, 25). Psychotherapy helps patients 
and their relatives to develop coping strategies for depression, 
anxiety, or cognitive impairments (3, 5). Speech and language 
therapists assess the patients’ swallowing ability and manage tracheal 
cannulas if required (26). Dysphagia and the inability to clear saliva 
from the respiratory system can lead to sialorrhea (27). Sialorrhea 
can be treated with dysphagia therapy, anticholinergic medication, or 
an injection of incobotulinumtoxin A into the salivary glands (27, 
28). Botulinum neurotoxin A is injected by physicians into muscles 
affected by spasticity (29). Respiratory therapists treat and monitor 
ventilatory pump failure, cough insufficiency, tracheobronchial 
retention of secretions, and dyspnea (30). They evaluate the need for 
mechanical ventilation and apply the device in accordance with the 
patients and physicians (30). The use of mechanical insufflation-
exsufflation (MI-E) is established for neuromuscular patients with 
impaired cough (31). In patients with neuromuscular diseases such 
as amyotrophic lateral sclerosis (ALS), the ability to communicate 
verbally deteriorates with the progress of the disease (32, 33). 
Therefore, in the early stages of the disease, it is important to 
ascertain the patients’ wishes while they can still communicate 
verbally. When equipped with AAC devices, patients can also interact 
via touch screens or eye tracking (34). As neurological diseases affect 
social networks, counselling of caregivers and family members plays 
a crucial role in palliative care (35–37). Physicians provide 
information about the disease and prognosis and conduct physical 
examinations (38). They also treat concomitant symptoms with 
medication and adjust the medication to the patient’s condition 
(3, 39).
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Outpatient neuropalliative care

The appropriate way to provide palliative care is currently a 
subject of discussion. De Boer et al. (40) showed that relatives find 
palliative care more bearable when it takes place in a hospice or at 
home compared to a hospital or residential care for the elderly. Kluger 
et  al. (41, 42) conducted a randomised controlled study with 210 
patients with Parkinson’s disease and 175 caregivers. One group 
received treatment from a neurologist primary care practitioner, while 
the other group received outpatient palliative care treatment with a 
palliative neurologist, a palliative medicine physician, a nurse, a social 
worker, and a chaplain. Six months after the study onset, the group 
receiving palliative care treatment showed a significantly higher 
quality of life, a significantly reduced burden of non-motor symptoms, 
and a significantly reduced severity of motor symptoms. The caregiver 
burden showed no significant differences between the groups after 
6 months. However, after 12 months, caregiver burden and anxiety 
were significantly lower in the group with palliative care treatment. 
These findings emphasise the role of outpatient palliative care clinics 
in supporting patients to live at home. In addition, modern 
technologies such as telemedicine in neuropalliative care, as previously 
mentioned, along with robotics and brain-computer interfaces in ALS, 
are current research topics in outpatient neuropalliative care (43, 44).

On July 1st 2017, a Neuropalliative Outpatient Clinic was opened 
at the Evangelical Hospital Oldenburg, providing multidisciplinary 
care. However, some patients spontaneously reported that they were 
initially hesitant to attend the clinic because they associated the term 
“palliative” with end-of-life care, even though they felt they were not 
dying yet. For example, one patient stated: “I do not want to attend a 
palliative care clinic because this would mean giving up.” Since the 
most common diagnosis at that time was ALS, a second outpatient 
clinic was established and called Outpatient Clinic for Amyotrophic 
Lateral Sclerosis and Severe Neuromuscular Diseases. This means that 
the same treatment concept was still being offered under two different 
clinic names. Kluger et al. (38) also reported renaming their Neurology 
Palliative Care Clinic to Neurology Supportive and Palliative Care Clinic 
due to misinterpretations of the patients and the referring clinicians 
regarding the term “palliative“. Avoiding palliative care due to the 
association with hopelessness or abandonment can have sociocultural 
reasons, including how society copes with death (45).

Objectives

In 2022, the American Academy of Neurology (AAN) issued a 
position statement on clinical guidance in neuropalliative care, 
delivering perspectives on future development of neuropalliative care 
(46). In 2023, the “DGN Practise Guideline on Palliative Care in 
Neurological Disease (S2k)” (22) provided key recommendations for 
palliative treatment. In addition, the palliative care needs of people 
with intellectual and complex impairments have now been recognised 
by the German Society for Palliative Medicine.

To our knowledge, data on the clinical characteristics of the 
patient clientele in outpatient neuropalliative care clinics are limited 
to a publication by Kluger et al. (38), a brief overview by Steinker and 
Groß (47), and a letter by Thomas et al. (48). Additionally, Phillips 
et  al. (49) reported on the implementation of outpatient 
neuropalliative care in 6 ALS clinics in the United States. Systematic 

accounts of the treatment spectrum in outpatient neuropalliative care 
clinics are thus needed. This study was developed to add knowledge 
in this regard.

This study has three aims:

	 1.	 To describe the patients with palliative care needs treated in our 
Neuropalliative Outpatient Clinic and Outpatient Clinic for 
Amyotrophic Lateral Sclerosis and Severe Neuromuscular  
Diseases.

	 2.	 To describe the outpatient clinic’s clinical treatment spectrum 
and healthcare delivery according to the patients’ diagnosis.

	 3.	 To investigate the association of patient characteristics and 
respiratory treatments.

Materials and methods

Study design

An analysis of clinical routine data from patients with palliative 
care needs was conducted. The patients visited the Neuropalliative 
Outpatient Clinic and the Outpatient Clinic for Amyotrophic Lateral 
Sclerosis and Severe Neuromuscular Diseases of the Evangelical 
Hospital Oldenburg from July 1st 2017 to June 30th 2022.

Inclusion and exclusion criteria

Study patients were required to meet one of the following two 
characteristics: (1) the presence of a severe neurological disease with 
palliative care needs according to the WHO definition (1) of palliative 
care, or (2) having a life-threatening neuromuscular disease (e.g., 
motor neuron disease or Duchenne muscular dystrophy [DMD]). 
Patients younger than 18 years of age and those without palliative 
treatment needs were not included in the study.

Neuropalliative care treatments

Depending on their needs, patients received interventions from a 
multidisciplinary and interprofessional team. The treatment of the 
participants was conducted in accordance with the standards of the 
local outpatient clinic, which applied to all patients. The outpatient 
clinic was established collaboratively by the multidisciplinary teams 
of the Interdisciplinary Palliative Care Centre and the Clinic for 
Neurological Intensive Care and Early Rehabilitation. Consequently, 
multidisciplinary care provided by experienced experts was ensured 
from the very beginning.

The team consisted of a neurologist certified in palliative 
medicine, palliative care nurses, speech and language therapists, 
respiratory therapists, occupational therapists, physiotherapists, and 
an augmented and alternative communication (AAC) expert. The 
occupational therapists and physiotherapists had expertise in assistive 
technology. Before the patients’ arrival, a team conference was held to 
review the available information about the patients, clarify which team 
members were needed for treatment, and schedule multidisciplinary 
work during the visit. When patients entered the outpatient clinic, 
they and their close relatives or accompanying nurses/assistants were 
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welcomed by the neurologist and nurses. Then, the current health 
status was elaborated, and a detailed psychosocial history was taken.

Palliative care counselling comprised communicating the disease 
prognosis, explaining the impact of life-supporting technologies in 
progressive disease, and assisting with decision-making during 
clinically relevant changes. For example, in ALS, clinical milestones are 
established, some of which require the patient to decide on issues such 
as artificial nutrition, noninvasive ventilation (NIV), or tracheotomy 
(50). In our outpatient clinic, patients were also counselled on how to 
document their wishes, for example, by means of an advance directive. 
Particular attention was given to whether patients could participate in 
society, as it was important to them. This also included, for example, 
finding suitable employment. Additionally, patients were offered peer 
counselling or contact with other patients, for example, through 
connections with disability associations or self-help groups.

Overall, counselling aimed at improving patients’ health status 
and quality of life. In addition, the role of caregiving was discussed 
with close relatives. An important clinical aspect was managing 
impaired swallowing, coughing, and breathing. Speech and language 
therapists provided flexible endoscopic evaluation of swallowing 
(FEES) and tracheoscopy to assess patients’ swallowing ability. 
Mechanical ventilation, initiated in the outpatient clinic or a hospital, 
was controlled by inspecting the settings on the ventilation device. If 
necessary, the settings were modified, too. Invasive mechanical 
ventilation was always administered via a tracheal cannula.

To reduce salivation, incobotulinumtoxin A was injected into the 
patients’ salivary glands. Incobotulinumtoxin A, abobotulinumtoxin 
A, and onabotulinumtoxin A were used to alleviate spasticity and 
injected into various muscles. All injections were guided by 
ultrasound. Orthopaedic technicians, otorhinolaryngologists, and 
cardiologists were consulted if required.

Data acquisition and processing

Information on patient treatment was entered and stored directly 
in the hospital’s digital information system (Orbis, Daedalus, DH 
Healthcare, Bonn, Germany) after the treatment appointments. 
Relevant information was extracted from this data for this study. This 
means, data of patients treated from July 1st 2017 to June 30th 2022 
were retrieved. A palliative care nurse from the outpatient clinic 
collected all this information and entered the anonymized information 
into the programme Research Electronic Data Capture (REDCap, 
version 14.5.36) (51). REDCap is a browser-based software for 
creating and managing research databases. Only those team members 
involved in the project had password-protected access to REDCap. 
Data processing was performed on the university’s IT services systems 
(transport encryption TLS 1.2). After data collection and correction, 
the data were exported as a CSV- and R-file for statistical analysis.

Obtained data

Clinical routine information on mechanical ventilation, the 
presence of a percutaneous endoscopic gastrostomy (PEG) tube, and 
the use of a tracheal cannula at the first appointment was collected. 
We also determined what treatment the patients had received before 
visiting our outpatient clinic, such as no treatment, early 

neurological-neurosurgical rehabilitation (ENNR), neurological 
follow-up rehabilitation, acute neurological care, treatment in an 
intensive care unit (ICU), or other treatments. Moreover, the following 
need-specific interventions were recorded:

	•	 Palliative care counselling.
	•	 Respiratory therapy.
	•	 Speech and language therapy.
	•	 Physiotherapy.
	•	 Occupational therapy.
	•	 Augmentative and alternative communication (AAC) / 

technically aided communication.
	•	 Administration of botulinum neurotoxin type A into the muscles.
	•	 Administration of incobotulinumtoxin A into salivary glands.
	•	 Consultation with a cardiologist.
	•	 Initiation of noninvasive ventilation (NIV) or control of the 

device settings for NIV.
	•	 Initiation of invasive ventilation (IV) or control of the device 

settings for IV.
	•	 Initiation of mechanical insufflation-exsufflation (MI-E) or 

control of the device settings for MI-E.
	•	 Flexible endoscopic evaluation of swallowing (FEES).
	•	 Tracheoscopy.

In addition, the frequency of appointments between July 1st 2017 
(quarter 3  in 2017) and June 30th 2022 (quarter 2  in 2022) 
was obtained.

Statistical analysis

The data were analysed using the statistical programme R (version 
4.3.2, GNU General Public Licence, Free Software Foundation). 
Patient characteristics and the range of treatments were described and 
grouped by the disease’s location of the lesion. Categorical variables 
were reported as absolute and relative frequencies. The median and 
interquartile range (IQR) were calculated for metric variables.

We also examined the effort of the following treatments: IV, NIV, 
and MI-E. For this purpose, the total number of treatments was 
divided by the number of quarters in which a patient received 
treatment at the outpatient clinic. This was conducted both for the 
initiation of the respective treatment (with IV, NIV, or MI-E) and for 
the control of the device settings. No effort was defined as no 
treatment performed during the entire time of care; minimal effort 
was defined as a single overall treatment of that kind; and high effort 
was defined as at least one treatment performed per quarter. 
We modelled these variables with a mixed distribution.

After inspection of the distributions of the data, we chose a zero-
inflated Beta distribution. To analyse this distribution, we constructed 
separate generalised additive regression models for location, scale, and 
shape (GAMLSS) for each effort variable. These models contained one 
predictor for the probability that no treatment of this type was 
required compared to one treatment of that kind. Also, the models 
contained another predictor for the probability of high effort of 
treatment with at least one treatment per quarter compared to a single 
treatment overall. We pre-selected a set of potential covariates for each 
model based on medical importance. Automatic model selection was 
then performed in a bidirectional stepwise procedure based on 
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Akaike’s Information Criterion (AIC). The resulting final regression 
coefficients were presented as odds ratios (ORs) with 95% confidence 
intervals (CIs).

Ethics and data privacy

The study was approved by the ethics committee of the Carl von 
Ossietzky Universität Oldenburg (identifier 2022-165) and conducted 
in accordance with the Declaration of Helsinki (52). Moreover, it was 
registered in the German Clinical Trials Register (clinical trial identifier 
DRKS00030778). Health data were processed anonymously. No 
informed consent was required to be  obtained, as processing of 
clinical patient data for research purposes without informed consent 
is justified by § 7 IX DSG-EKD, § 13 II Nr. 10 DSG-EKD, and § 17 IV 
DSG-EKD, provided that subsequent collection of informed consent 
would be unreasonably complicated or impossible. The anonymised 
data were stored on the hospital’s and the university’s computers. 
Access to the data was restricted to the project team members. The 
data will be deleted on the 1st of June 2032 at the latest.

Results

Participants

Since the opening of the outpatient clinic on July 1st 2017 until 
June 30th 2022, the number of patients fulfilling the inclusion criteria 
for the study has steadily increased (see Figure 1). Two hundred and 
thirty-two patients who were treated in our clinic were included in 
the study.

The age of the participants ranged between 18 and 89 years (mean 
[M] = 55.42; standard deviation [SD] = 19.82). Detailed characteristics 
of the participants are grouped by the disease’s location of the lesion 
in Table 1. Due to new findings, the non-motor neuraxis is impaired 

in ALS, and a cortical involvement is discussed, wherefore it cannot 
be  defined exclusively as a neuromuscular disease (53, 54). For 
analytical reasons, ALS is categorised as a neuromuscular disease in 
Table 1 and further statistical calculations.

Figure 2 shows all diagnoses of the patients. A genetic disorder 
was present in 64 cases (27.59%), and an autoimmune disease in 3 
cases (1.29%). Other diseases were metachromatic leukodystrophy, 
Huntington’s disease, schizencephaly, or encephalitis. The most 
common comorbidities as reported in the Charlson Comorbidity 
Index (55) were systolic heart insufficiencies (n = 104; 44.83%), 
peripheral vascular diseases (n = 93; 40.09%), and cerebrovascular 
diseases (n = 61; 26.29%). Fifty-nine (25.43%) of the patients had a 
chronic lung disease such as obstructive pulmonary disease (COPD) 
or asthma as a concomitant illness. The mean of the Charlson 
Comorbidity Index of all participants was 4.64 (SD 3.41), and the 
median was 4 (IQR: 2–7).

Most participants lived at home supported by close relatives 
(n = 108; 46.55%). Other patients lived in an intensive care shared 
apartment (n = 45; 19.40%) or at home with intensive care (n = 38; 
16.38%). One hundred and thirty-eight (59.48%) patients were in a 
partnership, 91 (39.22%) were single, and in 3 (1.29%) cases, the 
family status was not documented. Forty-one of the participants 
(17.67%) lived in Oldenburg, 18 (7.76%) in Bremen, and 5 (2.16%) in 
the area around Oldenburg. Most participants (n = 168; 72.41%) 
came from other regions, mainly in Lower Saxony, with a median 
distance of 53 (IQR 33–76) road kilometres (33 miles) from their 
place of residence to our outpatient clinic. Eleven (4.74%) patients 
had their disease since birth, 41 (17.67%) since childhood, and in 180 
(77.59%) patients, the disease developed in adulthood. Twenty-seven 
(11.64%) of the patients were smokers, 80 (34.48%) smoked in the 
past, and 125 (53.88%) never smoked. When the patients first visited 
the outpatient clinic, 26 (11.21%) participants already received 
noninvasive ventilation, and 37 (15.95%) received invasive ventilation. 
Thirty-five (15.09%) patients had a tracheal cannula without invasive 
ventilation, and 134 (57.76%) neither needed a tracheal cannula nor 

FIGURE 1

Number of patients treated per quarter during the study phase.

https://doi.org/10.3389/fneur.2025.1616153
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Grimm et al.� 10.3389/fneur.2025.1616153

Frontiers in Neurology 06 frontiersin.org

mechanical ventilation. Seventy-eight (33.62%) of the patients were 
receiving nutrition via percutaneous endoscopic gastrostomy (PEG). 

Fifty-four (23.28%) of the patients died during the survey phase, and 
178 (76.72%) were alive at the end of the survey phase.

TABLE 1  Description of the participants.

Variable Values Brain lesion Spinal lesion Neuromuscular Total

Gender Female 26 9 56 91

Male 52 11 78 141

Total Sum female and male 78 20 134 232

Age Median (IQRa) 60 (46–71) 41 (28–66) 61 (48–70) 60 (44–70)

Smoking Never 33 16 76 125

Previously 37 2 41 80

Current 8 2 17 27

Family Parship 41 10 87 138

Single 35 10 46 91

Unknown 2 0 1 3

Disease origin Genetic 1 6 57 64

Autoimmune 2 1 0 3

Onset Birth 7 1 3 11

Childhood 5 6 30 41

Adult 66 13 101 180

Charlson Comorbidity 

Index

Median (IQR) 6 (4–9) 3 (1–6) 3 (2–5) 4 (2–7)

aIQR: interquartile range.

FIGURE 2

Specified patient diagnoses (number).
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Frequency of treatments

Two hundred and three (87.50%) patients, 177 (76.29%) close 
relatives, 75 (32.22%) accompanying nurses/assistants, and 11 (4.74%) 
other persons received detailed palliative care counselling. Of the 
patients, 143 (61.64%) were seen by a physiotherapist, 71 (30.60%) were 
seen by an occupational therapist and 28 (12.07%) were supported with 
AAC during the course of the treatment in the neuropalliative outpatient 
clinic (see Table  2). Respiratory therapists were consulted for 188 
(81.03%) of the patients. Noninvasive mechanical ventilation was 
initiated in 20 (8.62%) and invasive mechanical ventilation in 11 (4.74%) 
patients. Table 3 shows age, gender and the presence of mechanical 
ventilation amongst different diagnoses. Fifty (21.55%) patients received 
an implementation of a mechanical insufflation-exsufflation (MI-E).

In addition, 145 (62.50%) patients were seen by a speech and 
language therapist. A FEES was conducted for 104 (44.83%) of the 
patients. Seventy-two (31.03%) patients received a tracheoscopy. A 
PEG tube was present in 96 (41.38%) of the patients. In 9 (3.88%) of 
the patients, the PEG tube was changed, and in 5 (2.16%) of the 
patients, it was removed. Incobotulinumtoxin A was injected into the 
salivary glands in 60 (25.86%) patients. Twenty of the patients who 
had received an injection of incobotulinumtoxin A into the salivary 
glands had ALS. Incobotulinumtoxin A, abobotulinumtoxin A, and 
onabotulinumtoxin A were injected into various muscles of 32 
(13.79%) patients. Finally, the cardiologist was consulted for 24 

(10.34%) of all patients. Four of 12 patients with Duchenne muscular 
dystrophy received a cardiology consultation.

Association of patient characteristics and 
respiratory treatments

The results of the GAMLSS regression for the treatment effort are 
reported in Table 4. The results contain odds ratios (ORs) and confidence 
intervals for three separate models differing by their response variable: 
effort for the initiation and control of IV, NIV, and MI-E as defined in the 
methods section. In addition, the results comprise the OR for high 
treatment effort compared to minimal treatment effort, as well as the OR 
for at least minimal treatment compared to no treatment at all. In the joint 
model selection, age, gender, and the disease’s location of the lesion were 
selected as predictors for high treatment effort. Gender, prior treatment 
(as described in the chapter Obtained Data), and location of lesion were 
selected as predictors for the necessity of at least one treatment (i.e., 
presence of treatment effort) compared to zero necessary treatments.

The regression coefficients showed that patients with previous 
early neurological-neurosurgical rehabilitation (ENNR) treatment had 
a 3.69 times increased probability of needing IV and an OR of 2.18 for 
requiring MI-E. Also, prior ICU treatment significantly increased the 
odds of needing IV (OR 5.06) and MI-E (OR 2.32). Patients with brain 
lesions were significantly less likely to require IV (OR 0.32), NIV (OR 

TABLE 2  Diagnostics and treatments.

Variable Number of participants (frequency in %)

Palliative care counselling for patient 203 (87.50%)

Palliative care counselling for relatives/friends 177 (76.29%)

Palliative care counselling for nursing service 75 (32.22%)

Palliative care counselling for other person 11 (4.74%)

Respiratory therapy 188 (81.03%)

IVa initiation 11 (4.74%)

NIVb initiation 20 (8.62%)

MI-Ec initiation 50 (21.55%)

Speech and language therapy 145 (62.50%)

Physiotherapy 143 (61.64%)

Occupational therapy 71 (30.60%)

Cardiologist consultation 24 (10.34%)

Augmentative and alternative communication 28 (12.07%)

PEGd change 9 (3.88%)

Injection of incobotulinumtoxin A into salivary glands 60 (25.86%)

Injection of botulinum neurotoxin A into muscles 32 (13.79%)

Tracheoscopy 72 (31.03%)

FEESe 104 (44.83%)

aIV: invasive ventilation.
bNIV: noninvasive ventilation.
cMI-E: mechanical insufflation-exsufflation.
dPEG: percutaneous endoscopic gastrostomy.
eFEES: flexible endoscopic evaluation of swallowing.
Number of patients with the respective diagnostics/treatment during the survey phase.
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0.09), or MI-E (OR 0.24) compared to patients with neuromuscular 
diseases or spinal lesions.

Discussion

Neurological Patients with Palliative Care 
Needs Cover a Wide Range of Progressive 
and Non-Progressive Diseases and Are 
Dependent on Regional Healthcare 
Structures

The results indicate that most participants were male (61%), and the 
average age was 55 years. Very few participants had their disease from 
birth, with most experiencing disease onset in adulthood. A variety of 
different congenital and acquired neurological conditions were treated, 
with the most frequent disease being ALS, accounting for about 

one-third of the patients. This differs from the distribution of 
neurological diseases in Europe, where the most common neurological 
diseases are stroke and dementia (56). With a prevalence of about 8 per 
100,000 person-years, ALS is considered a rare disease (57). Nonetheless, 
many patients with ALS were referred to our neuropalliative outpatient 
clinic due to progressive difficulties with swallowing, cough, respiration, 
and other related symptoms. This was likely because our outpatient clinic 
was the only institution in the vicinity of the cities of Oldenburg and 
Bremen specializing in the treatment of ALS and severe neuromuscular 
diseases. In addition, patients with ischaemic stroke, intracranial 
haemorrhage, and DMD were amongst the most frequently treated. 
DMD is a disease that occurs almost exclusively in men (58), and ALS 
affects males more often than females (57, 59).

A stroke occurs suddenly and can lead to severe disabilities, with 
palliative treatment needs differing from those of diseases with a 
gradual onset (60). Palliative care may be appropriate shortly after the 
stroke or later in the chronic phase if severe complications develop. 

TABLE 4  Effort for initiation or control of invasive ventilation, noninvasive ventilation, and mechanical insufflation-exsufflation.

Variable Values Invasive ventilation Noninvasive ventilation MI-Ea

Model part High effort vs. minimal effort

Age In years 1.02 (1.00–1.03) 1.01 (0.99–1.02) 1.01 (0.99–1.02)

Gender Female 0.65 (0.34–1.24) 1.37 (0.62–3.03) 0.82 (0.50–1.33)

Location of lesion Brain 1.27 (0.64–2.53) 2.22 (0.59–8.29) 1.24 (0.71–2.17)

Model part Minimal effort vs. no effort

Gender Female 0.60 (0.29–1.23) 1.86 (0.88–3.96) 0.93 (0.52–1.66)

Prior treatment ENNRb 3.69 (1.74–7.81) 0.94 (0.37–2.37) 2.18 (1.11–4.30)

ICUc 5.06 (2.22–11.50) 1.20 (0.46–3.18) 2.32 (1.12–4.81)

Location of lesion Brain 0.32 (0.14–0.73) 0.09 (0.03–0.32) 0.24 (0.12–0.48)

aMI-E: mechanical insufflation-exsufflation.
bENNR: early neurological-neurosurgical rehabilitation.
cICU: intensive care unit.
No effort: no treatment performed during the whole time of care; minimal effort: a single overall treatment of that kind; high effort: at least one treatment performed per quarter. Results of 
regression (OR with 95% CI).

TABLE 3  Age, gender, and presence of mechanical ventilation amongst different diagnoses.

Underlying 
condition

Median age 
(IQR)a

Gender Pre-treatment Initiation

fb mc IVd NIVe IV NIV

ALSf 65 (57–72) 31 50 9 12 6 15

DMDg 21 (19–23) 0 12 4 6 1 1

Congenital myopathy 20 (19–26) 7 2 1 3 1 2

Spinal muscular atrophy 36 (19–50) 3 4 0 1 0 0

Pompe disease 62 (59–65) 2 1 0 1 0 1

Other neuromuscular 

diseases

55 (27–72) 11 10 4 0 2 1

SCIh 65 (31–74) 4 6 6 2 0 0

All brain diseases 60 (44–71) 33 56 13 1 1 0

Total 60 (44–70) 91 141 37 26 11 20

aIQR: interquartile range.
bf: female.
cm: male.
dIV: invasive ventilation.
eNIV: noninvasive ventilation.
fALS: amyotrophic lateral sclerosis.
gDMD: Duchenne muscular dystrophy.
hSCI: spinal cord injury.
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Steigleder et al. (60) recommend standardised screenings for palliative 
care needs at regular intervals for stroke patients. Therefore, 
neuropalliative care is necessary for both patients with progressive 
neurological conditions and those with acute neurological diseases.

Neuropalliative care must also consider comorbidity. In the 
present study, the median Charlson Comorbidity Index was 4, which 
has been associated with a one-year mortality rate of 52% in the initial 
validation study (55). Comorbidities further worsen the prognosis of 
the underlying neurological disease, as demonstrated for heart failure 
in ALS patients and COPD in stroke patients (61, 62). Additionally, 
comorbidities may exacerbate existing symptoms or cause new 
symptoms that require palliative treatment.

Forty-one of the patients came from Oldenburg, and most 
patients came from other towns in Lower Saxony to our outpatient 
clinic. Therefore, patients as well as family caregivers, nurses, and 
other health professionals accompanying them to the visits, were 
willing to travel considerable distances to reach the clinic. 
Neuropalliative care should be established regionally to reduce the 
burden and risks associated with patient transport (63, 64), with the 
latter being best understood in the context of interhospital transport. 
Furthermore, establishing regional multidisciplinary outpatient 
clinics might prevent frequent admissions to acute care hospitals.

Palliative care counselling and 
symptom-oriented therapies

Palliative care counselling for patients by the palliative care nurse 
or the neurologist was the most frequent intervention. Palliative care 
counselling should take into account that “the effects of disease in any 
part of the individual’s being will impact on all other areas of the self ” 
[(65), p. 9]. This can be achieved, for instance, by providing adequate 
support in every phase of the disease and involving caregivers (3). A 
compassionate view of the condition helps patients feel validated and 
understood (66). Patients also benefit from honest and clear 
communication with reassuring questions, leading from compassion 
to action (67, 68). Trustworthy and appreciative physician-patient and 
nurse–patient relationships form the foundation for patient-centred 
treatment (69, 70).

Communication, following the above-mentioned principles, is 
also essential in decision-making. In our outpatient clinic, decision-
making was a considerable part of palliative care counselling. 
Decision-making in a palliative context encompasses choices about 
care, medical procedures and end-of-life decisions (71). 
Additionally, early AAC counselling is beneficial. AAC devices can 
support individuals who cannot communicate verbally, enabling 
them to express and modify their wishes as circumstances change 
(72). In our study, 28 patients received counselling regarding 
existing or upcoming AAC device usage.

Some of our patients reached a condition where they no longer 
wished to be supported by life-sustaining technologies. This refusal 
can be expressed through an advance directive. Legally authorised 
persons, such as family members, can also communicate the patient’s 
presumed will. The opinions of family members are particularly 
important when the patient is cognitively impaired and unable to 
give informed consent. This important and personal decision must 
be carried out in accordance with legal requirements. For example, 
legal regulations in Germany permit the non-implementation or 

discontinuation of life-supporting technologies if the patient, who is 
capable of making informed decisions, rejects these 
interventions (73).

When patients participate in decisions regarding their care, they 
are more content with their treatment (71). Moreover, decision-
making and patient participation contribute to patient empowerment 
(74). Consequently, decision-making in neuropalliative care 
necessitates a patient-centred and family-oriented approach.

In patients with disorders of consciousness, carefully watching 
non-verbal signals helps to evaluate the patients’ overall health and 
well-being. Such small signals can include changes in breathing, 
opening or closing eyes, sweating, and signs of tension or relaxation 
(75). Close relatives can become skilled at recognising these subtle 
signals and should be encouraged to share their observations with the 
clinical staff. When observing patients’ signals and addressing their 
families’ needs, nurses also have a crucial function (18).

The second most common therapy for our patients was treatment 
by a respiratory therapist. Respiratory therapists are involved in 
initiating and controlling NIV, IV, and MI-E. NIV reduces symptoms, 
enhances quality of life, and extends life in patients with 
neuromuscular diseases and subsequent ventilatory pump failure 
(76). Indications for the initiation of NIV in ALS and other 
neuromuscular diseases have been published in various guidelines 
(77, 78). In patients with ALS and severe bulbar impairment, NIV 
does not prolong life, but it improves quality of life, especially with 
regard to sleep-specific symptoms (79). Manually assisted coughing, 
air stacking, and MI-E can aid in managing secretions in impaired 
cough, thereby reducing dyspnoea and preventing pneumonia (76, 
80, 81). MI-E often proves ineffective in patients with bulbar ALS due 
to laryngeal adduction; therefore, customised MI-E settings are 
necessary (82). Tracheotomy is indicated when ALS patients develop 
hypoxic respiratory failure despite treatment with NIV and MI-E (76, 
83). In Germany, the quality of life for patients with ALS undergoing 
NIV or IV via a tracheal cannula is generally good. However, IV 
places more burden on caregivers (84).

Treatment from speech and language therapists and physiotherapists 
was needed by more than 60% of the patients. The need for speech and 
language therapy was mainly due to the necessity for specific endoscopic 
diagnostics, such as FEES and/or tracheoscopy (see Table 2). Speech and 
language therapists also provided advice to the patients on nutrition and 
the management of tracheal cannulas, respectively. Occupational 
therapy was needed by about 30% of the patients. Surveys involving 
professionals and patients indicate that the therapeutic offers of 
physiotherapists and occupational therapists meet many of the patients’ 
needs, yet there are currently too few of these therapists working in 
palliative care (85–87). Although the qualifications and specialisations 
of these two professional groups differ, their tasks often overlap (87). For 
example, in our outpatient department, both professions provided the 
adaptation of assistive devices and therapy of spasticity in the outpatient 
setting. The variety of speech and language therapy, physiotherapy, and 
occupational therapy interventions for the patients in our study shows 
the need for multidisciplinary therapy in neuropalliative patients. 
Brennan et  al. (88) suggest that neurodegenerative diseases may 
be treated by a multidisciplinary team, as a wide range of interventions 
is necessary to provide the most suitable treatment for each disease. In 
addition, the European Academy of Neurology (EAN) guideline on the 
management of ALS outlines the healthcare professionals needed in a 
multidisciplinary team to address ALS symptoms (78).
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Factors influencing the need for 
mechanical ventilation or mechanical 
insufflation-exsufflation

Patients with neuromuscular diseases or spinal lesions were 
significantly more likely to receive treatments with IV, NIV, or MI-E 
compared to patients with a brain disease (see Table  4). This 
variation in the use of mechanical ventilation or MI-E is probably 
due to the absence of ventilatory pump failure in brain disease. 
However, acquired hypoventilation syndrome (AHS) or disorders 
of respiratory rhythm may occur in brainstem disease (89, 90). 
AHS often requires mechanical ventilation, and it is a rare 
syndrome (91).

There was also a significantly higher probability of receiving 
initiation or control of IV or MI-E in patients previously treated 
in ICUs or ENNR (see Table 4). Treatment in an ICU may imply 
high overall disease severity, while treatment in ENNR indicates 
high overall disease severity combined with delayed recovery 
(92). Therefore, it can be  emphasised that neurological 
patients  after treatment in ICUs and ENNR may require 
neuropalliative care.

Age did not affect the need for mechanical ventilation or MI-E 
(see Table 4). Amongst our patients, two groups were particularly 
likely to require mechanical ventilation: ALS, which usually occurs in 
adults, and DMD, which begins in childhood. Specifically, ALS is a 
disease of the elderly, with a mean onset age of 67 years (57). Most 
ALS patients in our study did not initially need mechanical ventilation 
at the outpatient clinic (see Table 3). However, over the course of 
treatment, the number of ALS patients needing mechanical ventilation 
increased, with most of them receiving NIV. NIV extends the lifespan 
of ALS patients, especially with longer daily use (93). The number of 
ventilated DMD patients rises with age, and by 35 years and older, 
about 90% are on mechanical ventilation (94, 95). Consequently, the 
age range of our mechanically ventilated patients was broad (see 
Table 3).

Comparison with data from other 
neuropalliative care outpatient clinics

Kluger et  al. (38) conducted a retrospective study in which 
diagnoses and treatments in their neuropalliative outpatient clinic 
were documented and analysed. A neurologist, a physician assistant, 
a nurse, a chaplain, and a social worker treated the patients. If 
necessary, the patients were referred to a psychotherapist, an 
acupuncturist, or other experts. In their clinic, 45 female and 51 male 
patients with an average age of 65 years were treated. Most of them 
had Parkinson’s disease (n = 34), Parkinson’s disease dementia 
(n = 16), and multiple sclerosis (n = 8). Other diseases were, for 
example, progressive supranuclear palsy, Lewy body dementia, or 
Alzheimer’s disease. The age and diagnoses of the patients in our 
setting differed considerably from those reported by Kluger et al. (38). 
The mean age in our study was lower due to a different spectrum of 
diagnoses. As Thomas et al. (48) mainly treated ALS patients, their 
patient clientele is more comparable to ours. ALS has an age of onset 
similar to that of Parkinson’s disease, but a much faster clinical 
progression (96, 97). Additionally, patients with severe genetic 
neurological conditions and early-onset life-threatening symptoms 
were regularly treated in our outpatient department. Kluger et al. (38) 

also reported that the number of patients in their outpatient clinic 
increased over time, as in our outpatient clinic.

Moreover, the members of the neuropalliative care team and the 
interventions offered varied. This may be due to differences between 
the studies regarding patient diagnoses and symptoms, treatment 
approaches, regional healthcare services, and country-specific aspects 
of healthcare professional education (38, 48).

Limitations

One limitation is the monocentric design of the study. Other 
outpatient clinics may treat different diseases, provide different 
treatments, and be  part of different regional healthcare systems. 
Another limitation is the lack of data on medication use, such as 
opiates or benzodiazepines. Additionally, there are no assessments of 
the outcomes of the interventions, including clinical results, patient-
reported outcomes, and caregiver-reported outcomes.

Some comorbidities might have been overlooked as the patients 
came into the outpatient clinic primarily due to a neurologic disease. 
It is possible that some patients did not bring the medical reports of 
all the other physicians with them.

Additionally, this study presents a treatment approach that 
requires considerable financial and technical resources, as well as 
trained personnel. Therefore, its implementation largely depends on 
regional prerequisites and should be  adapted accordingly. For 
example, when technical devices are unavailable, multidisciplinary 
care can still be provided.

Conclusion

Palliative care in neurology is needed promptly after diagnosis 
(18, 19). Life-threatening symptoms of neurological diseases should 
be detected and treated early. The variety of neurological conditions 
that may require neuropalliative care is broad and comprises both 
progressive and non-progressive diseases. Furthermore, the needs of 
patients requiring permanent life-sustaining interventions must 
be addressed by neuropalliative care. Additionally, many patients have 
non-neurological comorbidities that also require treatment.

Neuropalliative care should encompass the entire spectrum of the 
patient’s needs. To achieve this, neuropalliative treatment must 
be provided by a multidisciplinary and interprofessional team. Palliative 
care counselling, specific diagnostics, and needs-oriented therapies are 
required. Injection of botulinum neurotoxin A for treating spasticity and 
hypersalivation is also part of neuropalliative care treatment. 
Neuropalliative care also includes the provision of FEES and 
tracheoscopy, as well as management of NIV, IV, and MI-E. AAC and 
other assistive technologies are helping patients interact with others (72). 
Specific expertise must be high in all members of the neuropalliative care 
team. This is especially important in the outpatient setting, as there is 
limited time to solve the patients’ issues. A comprehensive treatment 
with palliative care may help extend the life expectancy of patients with 
life-threatening acute neurological diseases or LTNCs.

Patients with life-threatening diseases and their families prefer 
palliative care at home (40). Therefore, opening more neurological 
palliative outpatient clinics could help enhance the quality of life for 
patients and their close relatives. Finally, more research about 
neurological palliative care is required to better understand the needs 
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of the patients and their relatives and to utilise the findings in the 
training of healthcare professionals (98).

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of the Carl von Ossietzky Universität Oldenburg, 
Oldenburg, Germany (Approval number: 2022-165). The studies were 
conducted in accordance with the local legislation and institutional 
requirements. Written informed consent for participation was not 
required from the participants or the participants' legal guardians/next 
of kin in accordance with the national legislation and institutional  
requirements.

Author contributions

TG: Conceptualization, Methodology, Data curation, Software, 
Formal analysis, Visualization, Writing - original draft, Writing - 
review & editing, Funding acquisition, Project administration. FO-S: 
Conceptualization, Methodology, Data curation, Software, Formal 
analysis, Visualization, Writing - original draft. DS: Investigation, 
Writing - review & editing. OS: Methodology, Writing - review & 
editing. AT: Writing - review & editing. MG: Conceptualization, 
Methodology, Formal analysis, Writing - original draft, Writing - 
review & editing, Funding acquisition, Supervision.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study is funded by the 
German Society for Muscle Diseases (Deutsche Gesellschaft für 
Muskelkranke e.V.) (grant number Gr6/1).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
	1.	World Health Organization. Palliative care. (2020). Available online at: https://www.

who.int/news-room/fact-sheets/detail/palliative-care (accessed Sep 27, 2022).

	2.	Boersma I, Miyasaki J, Kutner J, Kluger B. Palliative care and neurology: time for a 
paradigm shift. Neurology. (2014) 83:561–7. doi: 10.1212/WNL.0000000000000674

	3.	Vissers KCP, van den Brand MWM, Jacobs J, Groot M, Veldhoven C, Verhagen C, 
et al. Palliative medicine update: A multidisciplinary approach. Pain Pract. (2013) 
13:576–88. doi: 10.1111/papr.12025

	4.	Weck CE, Lex KM, Lorenzl S. Telemedicine in palliative care: implementation of 
new technologies to overcome structural challenges in the care of neurological patients. 
Front Neurol. (2019) 10:1–5. doi: 10.3389/fneur.2019.00510

	5.	Turner-Stokes L, Sykes N, Silber E. Long-term neurological conditions: 
management at the interface between neurology, rehabilitation and palliative care. Clin 
Med. (2008) 8:186–91. doi: 10.7861/clinmedicine.8-2-186

	6.	Provinciali L, Carlini G, Tarquini D, Defanti CA, Veronese S, Pucci E. Need for 
palliative care for neurological diseases. Neurol Sci. (2016) 37:1581–7. doi: 
10.1007/s10072-016-2614-x

	7.	Foley KM, Carver AC. Palliative care in neurology: an overview. Neurol Clin. (2001) 
19:789–99. doi: 10.1016/S0733-8619(05)70047-5

	8.	Kluger BM, Hudson P, Hanson LC, Bužgovà R, Creutzfeldt CJ, Gursahani R, et al. 
Palliative care to support the needs of adults with neurological disease. Lancet Neurol. 
(2023) 22:619–31. doi: 10.1016/S1474-4422(23)00129-1

	9.	Gwyther L, Brennan F, Harding R. Advancing palliative care as a human right. J 
Pain Symptom Manag. (2009) 38:767–74. doi: 10.1016/j.jpainsymman.2009.03.003

	10.	Hussain J, Adams D, Campbell C. End-of-life care in neurodegenerative 
conditions: outcomes of a specialist palliative neurology service. Int J Palliat Nurs. (2013) 
19:162–9. doi: 10.12968/ijpn.2013.19.4.162

	11.	Oliver DJ, Borasio GD, Caraceni A, de Visser M, Grisold W, Lorenzl S, et al. A 
consensus review on the development of palliative care for patients with chronic and 
progressive neurological disease. Eur J Neurol. (2016) 23:30–8. doi: 10.1111/ene.12889

	12.	Barawid E, Covarrubias N, Tribuzio B, Liao S. The benefits of rehabilitation for 
palliative care patients. Am J Hosp Palliat Med. (2015) 32:34–43. doi: 
10.1177/1049909113514474

	13.	Dallara A, Tolchin DW. Emerging subspecialties in neurology: palliative care. 
Neurology. (2014) 82:640–2. doi: 10.1212/WNL.0000000000000121

	14.	Neerkin J, Oliver DJ. End-of-life care and managing spasticity. In: VL Stevenson 
and L Jarrett, editors. Spasticity management: a practical multidisciplinary guide. 2nd 
ed. London: Routledge (2016). 171–83.

	15.	Warren A, Buss MK. Death by chocolate: the palliative management of dysphagia. 
J Palliat Med. (2022) 25:1004–8. doi: 10.1089/jpm.2021.0487

	16.	Goss AL, Creutzfeldt CJ. Prognostication, ethical issues, and palliative care in 
disorders of consciousness. Neurol Clin. (2022) 40:59–75. doi: 10.1016/j.ncl.2021.08.005

	17.	Creutzfeldt CJ, Holloway RG, Walker M. Symptomatic and palliative care for 
stroke survivors. J Gen Intern Med. (2012) 27:853–60. doi: 10.1007/s11606-011-1966-4

	18.	Sofronas M, Wright DK. Neuropalliative care: an integrative review of the nursing 
literature. Int J Nurs Stud. (2021) 117:103879. doi: 10.1016/j.ijnurstu.2021.103879

	19.	Gofton T, Jog M, Schulz V. A palliative approach to neurological care: A literature 
review. Can J Neurol Sci. (2009) 36:296–302. doi: 10.1017/S0317167100007010

	20.	Anneser J, Arenz V, Borasio GD. Neurological symptoms in palliative care patients. 
Front Neurol. (2018) 9:1–7. doi: 10.3389/fneur.2018.00275

	21.	Turner-Stokes L, Sykes N, Silber E, Khatri A, Sutton L, Young E. From diagnosis 
to death: exploring the interface between neurology, rehabilitation and palliative care in 

https://doi.org/10.3389/fneur.2025.1616153
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.who.int/news-room/fact-sheets/detail/palliative-care
https://www.who.int/news-room/fact-sheets/detail/palliative-care
https://doi.org/10.1212/WNL.0000000000000674
https://doi.org/10.1111/papr.12025
https://doi.org/10.3389/fneur.2019.00510
https://doi.org/10.7861/clinmedicine.8-2-186
https://doi.org/10.1007/s10072-016-2614-x
https://doi.org/10.1016/S0733-8619(05)70047-5
https://doi.org/10.1016/S1474-4422(23)00129-1
https://doi.org/10.1016/j.jpainsymman.2009.03.003
https://doi.org/10.12968/ijpn.2013.19.4.162
https://doi.org/10.1111/ene.12889
https://doi.org/10.1177/1049909113514474
https://doi.org/10.1212/WNL.0000000000000121
https://doi.org/10.1089/jpm.2021.0487
https://doi.org/10.1016/j.ncl.2021.08.005
https://doi.org/10.1007/s11606-011-1966-4
https://doi.org/10.1016/j.ijnurstu.2021.103879
https://doi.org/10.1017/S0317167100007010
https://doi.org/10.3389/fneur.2018.00275


Grimm et al.� 10.3389/fneur.2025.1616153

Frontiers in Neurology 12 frontiersin.org

managing people with long-term neurological conditions. Clin Med. (2007) 7:129–36. 
doi: 10.7861/clinmedicine.7-2-129

	22.	Ploner C, Rollke R, Rogge A, Schmitz D. Palliativmedizinische Versorgung 
neurologischer Erkrankungen, S2k-Leitlinie [Palliative medical care for neurological 
diseases, S2k guideline]. In: Deutsche Gesellschaft für Neurologie, editor. Leitlinien für 
Diagnostik und Therapie in der Neurologie. Berlin: Deutsche Gesellschaft für 
Neurologie [German Society for Neurology]. (2023).

	23.	Badger S, Macleod R, Honey A. “It’s not about treatment, it’s how to improve your 
life”: the lived experience of occupational therapy in palliative care. Palliat Support Care. 
(2016) 14:225–31. doi: 10.1017/S1478951515000826

	24.	Woldman A, Goldblatt H, Elboim-Gabyzon M. Palliative physiotherapy in 
community settings for people with terminal illness. BMJ Support Palliat Care. (2023) 
14:2719–25. doi: 10.1136/spcare-2023-004179

	25.	Putt K, Faville KA, Lewis D, McAllister K, Pietro M, Radwan A. Role of physical 
therapy intervention in patients with life-threatening illnesses: a systematic review. Am 
J Hosp Palliat Med. (2017) 34:186–96. doi: 10.1177/1049909115623246

	26.	Fahl A. Tracheostomy tubes and tube care. In: E Klemm and AK Nowak, editors. 
Tracheotomy and airway a practical guide. Cham: Springer Nature (2020). 233–47.

	27.	Paine CC, Snider JW. When saliva becomes a problem: the challenges and 
palliative care for patients with sialorrhea. Ann Palliat Med. (2020) 9:1333–9. doi: 
10.21037/apm.2020.02.34

	28.	San Luis COV, Staff I, Fortunato GJ, McCullough LD. Dysphagia as a predictor of 
outcome and transition to palliative care among middle cerebral artery ischemic stroke 
patients. BMC Palliat Care. (2013) 12:1–7. doi: 10.1186/1472-684X-12-21

	29.	Zehm A, Kamdar M. Palliative uses of botulinum neurotoxin #324. J Palliat Med. 
(2017) 20:300–2. doi: 10.1089/jpm.2016.0498

	30.	Barnes TA, Gale DD, Kacmarek RM, Kageler WV. Competencies needed by 
graduate respiratory therapists in 2015 and beyond. Respir Care. (2010) 55:601–16.

	31.	Auger C, Hernando V, Galmiche H. Use of mechanical insufflation-exsufflation 
devices for airway clearance in subjects with neuromuscular disease. Respir Care. (2017) 
62:236–45. doi: 10.4187/respcare.04877

	32.	Knuijt S, Kalf JG, de Swart BJM, Drost G, Hendricks HT, Geurts ACH, et al. 
Dysarthria and dysphagia are highly prevalent among various types of neuromuscular 
diseases. Disabil Rehabil. (2014) 36:1285–9. doi: 10.3109/09638288.2013.845255

	33.	Doyle M, Phillips B. Trends in augmentative and alternative communication use 
by individuals with amyotrophic lateral sclerosis. Augment Altern Commun. (2001) 
17:167–78. doi: 10.1080/aac.17.3.167.178

	34.	Sanchez Alvarez JF, Jaramillo Alvarez GP, Gonzalez Clavijo CC. Adaptive 
augmentative and alternative communication systems for people with neuromuscular 
pathologies. In: MA Antona and C Stephanidis, editors. Universal access in human-
computer interaction design methods and user experience. Cham: Springer Nature 
(2021). 473–81.

	35.	Draper A, Day E, Garrood E, Smith P. Patients and carers experience of living with 
a complex neurological and palliative diagnosis. Mortality. (2013) 18:270–89. doi: 
10.1080/13576275.2013.820177

	36.	Adams LS, Miller JL, Grady PA. The spectrum of caregiving in palliative care for 
serious, advanced, rare diseases: key issues and research directions. J Palliat Med. (2016) 
19:698–705. doi: 10.1089/jpm.2015.0464

	37.	Sannes T, Kluger BM. Caregiver assessment and support. In: CJ Creutzfeldt, BM 
Kluger and RG Holoway, editors. Neuropalliative care – A guide to improving the lives 
of patients and families affected by neurologic disease. Cham: Springer International 
(2019). 279–92.

	38.	Kluger BM, Persenaire MJ, Holden SK, Palmer LT, Redwine HM, Berk J, et al. 
Implementation issues relevant to outpatient neurology palliative care. Ann Palliat Med. 
(2018) 7:339–48. doi: 10.21037/apm.2017.10.06

	39.	Voltz R, Borasio GD. Palliative therapy in the terminal stage of neurological 
disease. J Neurol. (1997) 244:2–10.

	40.	de Boer D, Hofstede JM, de Veer AJE, Raijmakers NJH, Francke AL. Relatives’ 
perceived quality of palliative care: comparisons between care settings in which patients 
die. BMC Palliat Care. (2017) 16:1–8. doi: 10.1186/s12904-017-0224-x

	41.	Kluger BM, Katz M, Galifianakis N, Pantilat SZ, Kutner JS, Sillau S, et al. Does 
outpatient palliative care improve patient-centered outcomes in Parkinson’s disease: 
rationale, design, and implementation of a pragmatic comparative effectiveness trial. 
Contemp Clin Trials. (2019) 79:28–36. doi: 10.1016/j.cct.2019.02.005

	42.	Kluger BM, Miyasaki J, Katz M, Galifianakis N, Hall K, Pantilat S, et al. 
Comparison of integrated outpatient palliative care with standard care in patients with 
Parkinson disease and related disorders: a randomized clinical trial. JAMA Neurol. 
(2020) 77:551–60. doi: 10.1001/jamaneurol.2019.4992

	43.	Klebbe R, Scherzinger S, Eicher C. Assistive robots for patients with amyotrophic 
lateral sclerosis: exploratory task-based evaluation study with an early-stage 
demonstrator. JMIR Rehabil Assist Technol. (2022) 9:1–18. doi: 10.2196/35304

	44.	McFarland DJ. Brain-computer interfaces for amyotrophic lateral sclerosis. Muscle 
Nerve. (2020) 61:702–7. doi: 10.1002/mus.26828

	45.	Dai YX, Chen TJ, Lin MH. Branding palliative care units by avoiding the terms 
“palliative” and “hospice”: a nationwide study in Taiwan. Inquiry. (2017) 54:1–6. doi: 
10.1177/0046958016686449

	46.	Taylor LP, Besbris JM, Graf WD, Rubin MA, Cruz-Flores S, Epstein LG. Clinical 
guidance in neuropalliative care: An AAN position statement. Neurology. (2022) 
98:409–16. doi: 10.1212/WNL.0000000000200063

	47.	Steinker D, Groß M. Die Neuropalliativambulanz wird dringend benötigt [the 
neuropalliative outpatient clinic is urgently needed]. Pflegezeitschrift. (2021) 74:26–9. 
doi: 10.1007/s41906-021-1024-8

	48.	Thomas PT, Kumar GS, Baby P, Vengalil S, Srijithesh PR, Yamini BK, et al. 
Outpatient neuropalliative care services in a tertiary hospital setting. Ann Indian Acad 
Neurol. (2024) 27:332–4. doi: 10.4103/aian.aian_901_23

	49.	Phillips JN, Besbris J, Foster LA, Kramer NM, Maiser S, Mehta AK. Models of 
outpatient neuropalliative care for patients with amyotrophic lateral sclerosis. Neurology. 
(2020) 95:782–8. doi: 10.1212/WNL.0000000000010831

	50.	Gebrehiwet P, Brekke J, Rudnicki SA, Mellor J, Wright J, Earl L, et al. Time from 
amyotrophic lateral sclerosis symptom onset to key disease milestones: analysis of data 
from a multinational cross-sectional survey. Amyotroph Lateral Scler Frontotemporal 
Degener. (2024) 25:345–57. doi: 10.1080/21678421.2023.2297795

	51.	Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic 
data capture (REDCap)—a metadata-driven methodology and workflow process for 
providing translational research informatics support. J Biomed Inform. (2009) 42:377–81. 
doi: 10.1016/j.jbi.2008.08.010

	52.	World Medical Association. Declaration of Helsinki. Ethical principles for medical 
research involving human subjects. JAMA. (2013) 310:2191–4. doi: 
10.1001/jama.2013.281053

	53.	Hardiman O, Al-Chalabi A, Chio A, Corr EM, Logroscino G, Robberecht W, et al. 
Amyotrophic lateral sclerosis. Nat Rev Dis Prim. (2017) 3:17071. doi: 
10.1038/nrdp.2017.71

	54.	Ludolph AC, Dietrich J, Dreyhaupt J, Kassubek J, Del Tredici K, Rosenbohm A. 
Clinical spreading of muscle weakness in amyotrophic lateral sclerosis (ALS): a study in 
910 patients. J Neurol. (2024) 271:5357–67. doi: 10.1007/s00415-024-12408-y

	55.	Charlson ME, Pompei P, Ales KL, MacKenzie RC. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. J Chronic 
Dis. (1987) 40:373–83. doi: 10.1016/0021-9681(87)90171-8

	56.	Deuschl G, Beghi E, Fazekas F, Varga T, Christoforidi KA, Sipido E, et al. The 
burden of neurological diseases in Europe: an analysis for the global burden of disease 
study 2017. Lancet Public Health. (2020) 5:e551–67. doi: 10.1016/S2468-2667(20)30190-0

	57.	Rosenbohm A, Peter RS, Erhardt S, Lulé D, Ludolph AC, Rothenbacher D, et al. 
Epidemiology of amyotrophic lateral sclerosis in southern Germany. J Neurol. (2017) 
264:749–57. doi: 10.1007/s00415-017-8413-3

	58.	Duan D, Goemans N, Takeda S, Mercuri E, Aartsma-Rus A. Duchenne muscular 
dystrophy. Nat Rev Dis Prim. (2021) 7:1–19. doi: 10.1038/s41572-021-00248-3

	59.	McCombe PA, Henderson RD. Effects of gender in amyotrophic lateral sclerosis. 
Gend Med. (2010) 7:557–70. doi: 10.1016/j.genm.2010.11.010

	60.	Steigleder T, Kollmar R, Ostgathe C. Palliative care for stroke patients and their 
families: barriers for implementation. Front Neurol. (2019) 10:1–8. doi: 
10.3389/fneur.2019.00164

	61.	Bavishi S, Chaudhary D, Li J, Naik S, Abedi V, Zand R. Long-term mortality in 
ischemic stroke patients with concomitant chronic obstructive pulmonary disease. J 
Stroke Cerebrovasc Dis. (2022) 31:106701. doi: 10.1016/j.jstrokecerebrovasdis.2022.10670
1

	62.	Xu K, Ji H, Hu N. Cardiovascular comorbidities in amyotrophic lateral sclerosis: 
a systematic review. J Clin Neurosci. (2022) 96:43–9. doi: 10.1016/j.jocn.2021.12.021

	63.	Eiding H, Røise O, Kongsgaard UE. Potentially severe incidents during 
interhospital transport of critically ill patients, frequently occurring but rarely 
reported: a prospective study. J Patient Saf. (2022) 18:E315–9. doi: 
10.1097/PTS.0000000000000769

	64.	Lyphout C, Bergs J, Stockman W, Deschilder K, Duchatelet C, Desruelles D, et al. 
Patient safety incidents during interhospital transport of patients: a prospective analysis. 
Int Emerg Nurs. (2018) 36:22–6. doi: 10.1016/j.ienj.2017.07.008

	65.	Ahmed N, Ahmedzai S, Vora V, Harrison S, Paz S. Supportive care for patients 
with gastrointestinal cancer. Cochrane Database Syst Rev. (2004) 2004:CD003445. doi: 
10.1002/14651858.CD003445.pub2

	66.	Sinclair S, Beamer K, Hack TF, McClement S, Raffin Bouchal S, Chochinov HM, 
et al. Sympathy, empathy, and compassion: a grounded theory study of palliative care 
patients’ understandings, experiences, and preferences. Palliat Med. (2017) 31:437–47. 
doi: 10.1177/0269216316663499

	67.	Back AL, Arnold RM. “Yes it’s sad, but what should I do?”: moving from empathy 
to action in discussing goals of care. J Palliat Med. (2014) 17:141–4. doi: 
10.1089/jpm.2013.0197

	68.	Back AL, Arnold RM, Baile WF, Tulsky JA, Fryer-Edwards K. Approaching 
difficult communication tasks in oncology. CA Cancer J Clin. (2005) 55:164–77. doi: 
10.3322/canjclin.55.3.164

	69.	Brizzi K, Creutzfeldt CJ. Neuropalliative care: a practical guide for the neurologist. 
Semin Neurol. (2018) 38:569–75. doi: 10.1055/s-0038-1668074

	70.	Bishaw S, Coyne E, Halkett GKB, Bloomer MJ. Fostering nurse-patient 
relationships in palliative care: an integrative review with narrative synthesis. Palliat 
Med. (2024) 38:1105–20. doi: 10.1177/02692163241277380

https://doi.org/10.3389/fneur.2025.1616153
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.7861/clinmedicine.7-2-129
https://doi.org/10.1017/S1478951515000826
https://doi.org/10.1136/spcare-2023-004179
https://doi.org/10.1177/1049909115623246
https://doi.org/10.21037/apm.2020.02.34
https://doi.org/10.1186/1472-684X-12-21
https://doi.org/10.1089/jpm.2016.0498
https://doi.org/10.4187/respcare.04877
https://doi.org/10.3109/09638288.2013.845255
https://doi.org/10.1080/aac.17.3.167.178
https://doi.org/10.1080/13576275.2013.820177
https://doi.org/10.1089/jpm.2015.0464
https://doi.org/10.21037/apm.2017.10.06
https://doi.org/10.1186/s12904-017-0224-x
https://doi.org/10.1016/j.cct.2019.02.005
https://doi.org/10.1001/jamaneurol.2019.4992
https://doi.org/10.2196/35304
https://doi.org/10.1002/mus.26828
https://doi.org/10.1177/0046958016686449
https://doi.org/10.1212/WNL.0000000000200063
https://doi.org/10.1007/s41906-021-1024-8
https://doi.org/10.4103/aian.aian_901_23
https://doi.org/10.1212/WNL.0000000000010831
https://doi.org/10.1080/21678421.2023.2297795
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1038/nrdp.2017.71
https://doi.org/10.1007/s00415-024-12408-y
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/S2468-2667(20)30190-0
https://doi.org/10.1007/s00415-017-8413-3
https://doi.org/10.1038/s41572-021-00248-3
https://doi.org/10.1016/j.genm.2010.11.010
https://doi.org/10.3389/fneur.2019.00164
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106701
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106701
https://doi.org/10.1016/j.jocn.2021.12.021
https://doi.org/10.1097/PTS.0000000000000769
https://doi.org/10.1016/j.ienj.2017.07.008
https://doi.org/10.1002/14651858.CD003445.pub2
https://doi.org/10.1177/0269216316663499
https://doi.org/10.1089/jpm.2013.0197
https://doi.org/10.3322/canjclin.55.3.164
https://doi.org/10.1055/s-0038-1668074
https://doi.org/10.1177/02692163241277380


Grimm et al.� 10.3389/fneur.2025.1616153

Frontiers in Neurology 13 frontiersin.org

	71.	Kuosmanen L, Hupli M, Ahtiluoto S, Haavisto E. Patient participation in shared 
decision-making in palliative care  – an integrative review. J Clin Nurs. (2021) 
30:3415–28. doi: 10.1111/jocn.15866

	72.	Linse K, Aust E, Joos M, Hermann A. Communication matters – pitfalls and 
promise of hightech communication devices in palliative care of severely physically 
disabled patients with amyotrophic lateral sclerosis. Front Neurol. (2018) 9:1–18. doi: 
10.3389/fneur.2018.00603

	73.	Kettemann D, Funke A, Maier A, Rosseau S, Meyer R, Spittel S, et al. Clinical 
characteristics and course of dying in patients with amyotrophic lateral sclerosis 
withdrawing from long-term ventilation. Amyotroph Lateral Scler Frontotemporal 
Degener. (2017) 18:53–9. doi: 10.1080/21678421.2016.1214734

	74.	Castro EM, van Regenmortel T, Vanhaecht K, Sermeus W, van Hecke A. Patient 
empowerment, patient participation and patient-centeredness in hospital care: a concept 
analysis based on a literature review. Patient Educ Couns. (2016) 99:1923–39. doi: 
10.1016/j.pec.2016.07.026

	75.	Zieger A. Der neurologisch schwerstgeschädigte Patient im Spannungsfeld 
zwischen Bio- und Beziehungsmedizin. [the severely neurologically impaired patient in 
the field of tension between biological and interpersonal medicine]. Intensivmedizin. 
(2002) 10:261–74. doi: 10.1055/s-2002-35516

	76.	Oliver DJ. Palliative care in motor neurone disease: where are we now? Palliat Care 
Res Treat. (2019) 12:1–14. doi: 10.1177/1178224218813914

	77.	Khan A, Frazer-Green L, Amin R, Wolfe L, Faulkner G, Casey K, et al. Respiratory 
management of patients with neuromuscular weakness: an American college of chest 
physicians clinical practice guideline and expert panel report. Chest. (2023) 164:394–413. 
doi: 10.1016/j.chest.2023.03.011

	78.	van Damme P, Al-Chalabi A, Andersen PM, Chiò A, Couratier P, de Carvalho M, 
et al. European academy of neurology (EAN) guideline on the management of 
amyotrophic lateral sclerosis in collaboration with European reference network for 
neuromuscular diseases (ERN EURO-NMD). Eur J Neurol. (2024) 31:1–16. doi: 
10.1111/ene.16264

	79.	Bourke SC, Tomlinson M, Williams TL, Bullock RE, Shaw PJ, Gibson GJ. Effects 
of non-invasive ventilation on survival and quality of life in patients with amyotrophic 
lateral sclerosis: a randomised controlled trial. Lancet Neurol. (2006) 5:140–7. doi: 
10.1016/S1474-4422(05)70326-4

	80.	Bach JR, Sinquee DM, Saporito LR, Botticello AL. Efficacy of mechanical 
insufflation-exsufflation in extubating unweanable subjects with restrictive pulmonary 
disorders. Respir Care. (2015) 60:477–83. doi: 10.4187/respcare.03584

	81.	Bach JR. Mechanical insufflation/exsufflation: has it come of age? A commentary. 
Eur Respir J. (2003) 21:385–6. doi: 10.1183/09031936.03.00098702

	82.	Andersen T, Sandnes A, Brekka AK, Hilland M, Clemm H, Fondenes O, et al. 
Laryngeal response patterns influence the efficacy of mechanical assisted cough in 
amyotrophic lateral sclerosis. Thorax. (2017) 72:221–9. doi: 
10.1136/thoraxjnl-2015-207555

	83.	Bach JR, Bianchi C, Aufiero E. Oximetry and indications for tracheotomy 
for amyotrophic lateral sclerosis. Chest. (2004) 126:1502–7. doi: 10.1378/chest. 
126.5.1502

	84.	Kaub-Wittemer D, von Steinbüchel N, Wasner M, Laier-Groeneveld G, Borasio 
GD. Quality of life and psychosocial issues in ventilated patients with amyotrophic 

lateral sclerosis and their caregivers. J Pain Symptom Manag. (2003) 26:890–6. doi: 
10.1016/S0885-3924(03)00323-3

	85.	Leysen B, van Daele A, Verrept T, Saeys W. Applied physiotherapeutic and 
occupational therapeutic interventions within palliative care: an exploratory survey. Prog 
Palliat Care. (2019) 27:109–16. doi: 10.1080/09699260.2019.1632509

	86.	Høgdal N, Eidemak I, Sjøgren P, Larsen H, Sørensen J, Christensen J. Occupational 
therapy and physiotherapy interventions in palliative care: a cross-sectional study of 
patient-reported needs. BMJ Support Palliat Care. (2024) 14:e749–57. doi: 
10.1136/bmjspcare-2020-002337

	87.	Pape AE, Gschnell M, Maul J, Volberg C. Physio- und Ergotherapie in der 
deutschen Palliativmedizin – wo stehen wir? [physical therapy and occupational therapy 
in German palliative care: where do we stand?]. Z Evid Fortbild Qual Gesundhwes. (2022) 
175:59–66. doi: 10.1016/j.zefq.2022.10.002

	88.	Brennan F, Gardiner MD, Narasimhan M. The neuropalliative multidisciplinary 
team—members and their roles. In: JM Miyasaki and BM Kluger, editors. Handbook of 
clinical neurology, volume 190: Neuropalliative care, part I. Amsterdam: Elsevier B.V 
(2022). 33–59.

	89.	Summ O, Hassanpour N, Mathys C, Groß M. Disordered breathing in severe 
cerebral illness – towards a conceptual framework. Respir Physiol Neurobiol. (2022) 
300:103869–8. doi: 10.1016/j.resp.2022.103869

	90.	Benghanem S, Mazeraud A, Azabou E, Chhor V, Shinotsuka CR, Claassen J, et al. 
Brainstem dysfunction in critically ill patients. Crit Care. (2020) 24:5. doi: 
10.1186/s13054-019-2718-9

	91.	Muzumdar H, Arens R. Central alveolar hypoventilation syndromes. Sleep Med 
Clin. (2008) 3:601–15. doi: 10.1016/j.jsmc.2008.08.006

	92.	Boltzmann M, Schmidt SB, Gutenbrunner C, Krauss JK, Höglinger GU, Rollnik 
JD. One-year outcome of brain injured patients undergoing early neurological 
rehabilitation: a prospective observational study. BMC Neurol. (2022) 22:1–9. doi: 
10.1186/s12883-022-02549-w

	93.	Ackrivo J, Hsu JY, Hansen-Flaschen J, Elman L, Kawut SM. Noninvasive ventilation 
use is associated with better survival in amyotrophic lateral sclerosis. Ann Am Thorac 
Soc. (2021) 18:486–94. doi: 10.1513/AnnalsATS.202002-169OC

	94.	Koeks Z, Bladen CL, Salgado D, van Zwet E, Pogoryelova O, McMacken G, et al. 
Clinical outcomes in Duchenne muscular dystrophy: a study of 5345 patients from the 
TREAT-NMD DMD global database. J Neuromuscul Dis. (2017) 4:293–306. doi: 
10.3233/JND-170280

	95.	Spittel S, Maier A, Kettemann D, Walter B, Koch B, Krause K, et al. Non-invasive 
and tracheostomy invasive ventilation in amyotrophic lateral sclerosis: utilization and 
survival rates in a cohort study over 12 years in Germany. Eur J Neurol. (2021) 
28:1160–71. doi: 10.1111/ene.14647

	96.	Talbott EO, Malek AM, Lacomis D. The epidemiology of amyotrophic lateral 
sclerosis. In: MJ Aminoff, F Boller and DF Swaab, editors. Handbook of clinical 
neurology, volume 138: Neuroepidemiology. Amsterdam: Elsevier B.V. (2016). 225–38.

	97.	Hustad E, Myklebust TÅ, Gulati S, Aasly JO. Increased mortality in young-onset 
Parkinson’s disease. J Mov Disord. (2021) 14:214–20. doi: 10.14802/jmd.21029

	98.	Creutzfeldt CJ, Kluger B, Kelly AG, Lemmon M, Hwang DY, Galifianakis NB, et al. 
Neuropalliative care. Priorities to move the field forward. Neurology. (2018) 91:217–26. 
doi: 10.1212/WNL.0000000000005916

https://doi.org/10.3389/fneur.2025.1616153
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1111/jocn.15866
https://doi.org/10.3389/fneur.2018.00603
https://doi.org/10.1080/21678421.2016.1214734
https://doi.org/10.1016/j.pec.2016.07.026
https://doi.org/10.1055/s-2002-35516
https://doi.org/10.1177/1178224218813914
https://doi.org/10.1016/j.chest.2023.03.011
https://doi.org/10.1111/ene.16264
https://doi.org/10.1016/S1474-4422(05)70326-4
https://doi.org/10.4187/respcare.03584
https://doi.org/10.1183/09031936.03.00098702
https://doi.org/10.1136/thoraxjnl-2015-207555
https://doi.org/10.1378/chest.126.5.1502
https://doi.org/10.1378/chest.126.5.1502
https://doi.org/10.1016/S0885-3924(03)00323-3
https://doi.org/10.1080/09699260.2019.1632509
https://doi.org/10.1136/bmjspcare-2020-002337
https://doi.org/10.1016/j.zefq.2022.10.002
https://doi.org/10.1016/j.resp.2022.103869
https://doi.org/10.1186/s13054-019-2718-9
https://doi.org/10.1016/j.jsmc.2008.08.006
https://doi.org/10.1186/s12883-022-02549-w
https://doi.org/10.1513/AnnalsATS.202002-169OC
https://doi.org/10.3233/JND-170280
https://doi.org/10.1111/ene.14647
https://doi.org/10.14802/jmd.21029
https://doi.org/10.1212/WNL.0000000000005916


Grimm et al.� 10.3389/fneur.2025.1616153

Frontiers in Neurology 14 frontiersin.org

Glossary

AAC - augmentative and alternative communication

ADL - activities of daily living

AHS - acquired hypoventilation syndrome

AIC - Akaike Information Criterion

ALS - amyotrophic lateral sclerosis

CI - confidence interval

COPD - chronic obstructive pulmonary disease

DMD - Duchenne muscular dystrophy

EAN - European Academy of Neurology

ENNR - early neurological-neurosurgical rehabilitation

FEES - flexible endoscopic evaluation of swallowing

GAMLSS - generalised additive model for location, scale, and shape

ICU - intensive care unit

IQR - interquartile range

IV - invasive ventilation

LTNC - long-term neurological condition

M - mean

MI-E - mechanical insufflation-exsufflation

NIV - noninvasive ventilation

OR - odds ratio

PEG - percutaneous endoscopic gastrostomy

REDCap - Research Electronic Data Capture

SCI - spinal cord injury

SD - standard deviation

WHO - World Health Organisation
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