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Abstract

Patients with progressive neuromuscular disorders represent a
small portion of patients with chronic disease in adults and children,
but disproportionately utilize health care services and care giver as-
sistance. Advances in medical care and technology have increased
life spans in many of these patient populations and improved quality
of life, however, they create new challenges in navigating caregiver
fatigue, encounters with general medical staff at times of acute ill-
ness, and end of life care. One of the most significant advances in
the medical care of neuromuscular disease patients arose from the
ability to provide ventilatory support when their natural neuromuscu-
lar apparatus reaches an inflection point of insufficiency.

Patients supported by invasive or noninvasive ventilation at home
or in ambulatory settings often have varying perceptions on life ex-
pectancy, quality of life, burdens on care givers, and how they will
ultimately die given their adaptation to and dependence on mechani-
cal devices to survive. We discuss several components of end-of-life
care in this unique patient population and an approach to creating a
framework for longitudinal care that incorporates ongoing ventilato-
ry support with pragmatic guidance to patients and care givers on
death and dying.
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Background

Neuromuscular disorders that lead to substantial impairment in
respiration have high mortality rates and create unique environments
of morbidity and anxiety for patients. The introduction of negative
pressure respiration devices dates to as early as 1864 by Dalziel, but
the archetype of mechanical ventilation use in neuromuscular diseas-
es arose with the use of ventilators in supporting polio victims during
the pandemic of the mid-20th century. Ibsen introduced positive pres-
sure techniques by tracheostomy and positive pressure ventilation in
polio patients, substantially reducing mortality in thousands of infect-
ed individuals. Logistically this posed new challenges, given the lack
of effective ventilation devices, and required manual respiration by
staff with bag devices continuously. Subsequent technology moved
to negative pressure ventilation techniques and a new population of
polio patients chronically living with immobility and dependence on
iron lung ventilators to survive emerged. Many patients with with
acute polio syndrome utilized negative pressure ventilation with this
technique only briefly and regained enough neuromuscular strength
to breathe independently, but the paradigm of a population of patients
living with the ongoing support of mechanized respiration until death
was created out of this epidemic [1-3].

Advances in technology have made home ventilation substantially
more prevalent related to some key factors such as increased porta-
bility and smaller size of equipment, longer battery life, and more
sophisticated monitoring devices. The global market for portable ven-
tilators in 2024 has been valued at 1.2 billion dollars with projections
for an increased annual growth rate of 6 percent. North America ac-
counts for 45 percent of this expenditure and use of home ventilation
devices, driven by higher rates of chronic respiratory diseases and its
health care infrastructure. A major contribution to this growth relates
to an aging population with more diseases such as COPD that now
utilize non-invasive ventilation support at advanced stages. Models of
home ventilators now weigh under six pounds, have integrated carbon
dioxide monitoring systems and features such as auto adjust that in-
corporate patient airway pressure in real time to modulate subsequent
driving pressure from the device. Where patients once laid in negative
pressure tank devices and navigated how to get adequate rotation to
prevent pressure ulcerations, they and their caregivers now deal with
how to get ventilator equipment through airport security for travel.

The scope and impact of emergency room care and hospitalizations
on patients with diseases that are supported by ambulatory ventilation
is difficult to encompass due to the vast amount of disease hetero-
geneity. In children with tracheostomies, for example, tube feeding
and chronic mechanical ventilation, are independent risk factors for
emergency room visits and readmissions after placement of tracheos-
tomy occurs. Pediatric patients with tracheostomies have substantial-
ly higher rates of pulmonary infections than their adult counterparts.
Diseases with neurological impairment, chronic mechanical venti-
lation, and gastrostomy tube dependence carry some of the highest
rates of admissions for pediatric patients, and are all independent risk
factors for encountering emergency room care [4,5]. Similarly, adults
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with Amyotrophic Lateral Sclerosis (ALS) have much higher health
care utilization and costs as their disease progresses to more advanced
stages, usually when the incorporation of mechanical ventilation and
tracheostomy are brought into daily medical care for individuals and
their families [6]. In this population, emergency room visits and ad-
missions related to respiratory failure and pneumonia have high cor-
relative value with mortality [7]. Efforts to prevent events, such as
aspiration of gastric feeds, can make meaningful reductions in mor-
tality, but health care providers can also utilize major events such as
these to introduce dialogue with patients and their surrogates on lon-
gitudinal care goals and palliative care.

Providing end of life care for complex patients supported by me-
chanical ventilation in the ambulatory setting presents unique chal-
lenges to providers at several segments of the health care system.
Pediatric patients with advanced neuromuscular diseases or complex
neurocognitive impairments such as cerebral palsy often begin living
with tracheostomies and home ventilation in a system designed for
children’s health care and age out into adult health care systems with-
out clear pathways to comprehensive care. Adult patients embarking
on tracheostomy and home mechanical ventilation face potential
challenges with loss of speech and swallowing function, and the need
for intensive caregiver support and training. While the vast heteroge-
neity of patients with ambulatory mechanical ventilation may make
discussions in end-of-life care daunting for health care providers to
initiate, we outline an approach utilizing fundamental and general-
izable aspects of their care that can be applied in a comprehensive
and collaborative way. Specifically, we focus on aspects of life expec-
tancy perceptions and mortality milestones, caregiver dynamics, and
quality of life metrics in a model that can be applied to patients living
with chronic mechanical ventilation support regardless of their age
cohort and diagnosis.

Life Expectancy Perceptions

How long a patient will live with any disease is a determination
made based on imprecise data at best and applies this from larger co-
horts to an individual subject. The earliest attempts at this came in the
form of actuarial tables, which sought to predict life expectancy of an
individual from their current age. These formulas were based on sta-
tistical analysis of cohort data, individual demographic information,
and health risk behaviors and remain widely used in the commercial
rating and cost of life insurance products. This approach is limited by
lack of customizable information in data sets for most chronic med-
ical conditions and does not consider the impact of medical support
devices, advances in medical therapies for chronic diseases, and tech-
nology that allows for earlier detection of disease. It is axiomatic that
the tools available for medical providers to predict life expectancy for
patients with complex chronic illnesses are sparse and not bespoke for
any specific illness, especially patients with neuromuscular diseases
living with mechanical ventilation support.

Adult patients with motor neuron diseases saw significant increas-
es in prevalence, mortality, and disability-adjusted life-years (DA-
LYS) from 1990 to 2017. That, coupled with the fact that adults with
motor neuron disease saw age adjusted mortality rates rise more than
any other major neurological disease in this time frame reflects the
weight and importance of creating a framework for navigating pro-
gression of disease with these patients after diagnosis [8-13].

Systematic reviews of Duchenne’s muscular dystrophy (DMD)
demonstrate trends in increasing median life expectancy from 25.8
years in cohorts born between 1955-1969 to 40.9 years in patients
born after 1970 due mainly to access to tracheostomy and ambulatory
ventilation support. Prospective studies of ALS clearly show longer
life expectancy in patients with tracheo-invasive ventilation compared
to non-ventilated and non-invasive ventilated patients by as much as
48 months. Patients with bulbar onset ALS tended to be overrepre-
sented in these cohorts when tracheo-invasive ventilation was under-
taken directly rather than transitioning from non-invasive ventilation
to tracheo-invasive ventilation [ 14-20]. Progressive neuromuscular or
neurologic disorders that involve loss of effective mechanical respi-
ration are a heterogenous group with homogenous characteristics and
likely all have expanded life expectancy with outpatient mechanical
ventilation. They are characterized based on increased life expectancy
with ventilation, median increase in survival, and evidence support-
ing this in table 1 [21-27].

-

Di Reduced mortality with Median in- Evidence
isease
mechanical ventilation crease in life Based data
Amyotrophic
) Yes 4 years Yes
Lateral sclerosis
Duchenne’s Mus- Yes
Yes 10-14 years
cular Dytrophy
Limb-Girdle mus-
Yes Unknown No
cular dystrophy
Becker muscular
Yes Unknown No
dystrophy
Myotonic Dys-
Yes Unknown No
trophy
Emery-Dreifuss Unknown/Unlikely unknown No
Table 1: Impact of Mechanical Ventilation on mortality in neuromuscular
diseases

J

When engaging in dialogue with patients with neuromuscular dis-
ease and their caregivers we outline four major areas of patient func-
tionality whose loss correlates with increased morbidity and at some
point mortality for patients. These milestones to mortality are loss of
ambulation, inability to breathe without assistive devices, dysphagia
requiring percutaneous nutrition, and cognitive decline.

The loss of axial muscle strength that leads to inability to stand
and ambulate in neuromuscular diseases is one of the earliest and
most devastating changes for patients and caregivers alike. Not only
must the patient adapt to a world that has to move around them more
than individually moving through it, but their home environment,
transportation, and caregiver commitment to in person care undergo
radical shifts with long term effects. Psychologically this leads to de-
pression and anxiety in patients who often are cognitively unimpaired
but physically incarcerated by their disease.

Immobility has been shown to precede depression in several
studies of general patient populations who experienced acute loss of
ambulation. An analysis of adults with muscular dystrophy, spinal
cord injury, and multiple sclerosis has demonstrated lower mobility
correlates with higher depression scores, reflecting the generalizable
effect loss of ambulation has on mental health [28,29]. Several studies
have shown higher rates of suicide among patients with amyotrophic
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lateral sclerosis over general populations, but correlating the impact
of loss of mobility on this outcome have not been able to be quanti-
fied retrospectively [30,31]. The relationship between loss of ambula-
tion with onset of mortality in heterogeneous groups of patients with
neuromuscular diseases have not been assessed in aggregate. Studies
of patients with myotonic dystrophy, which tends to have a delayed
onset and longer survival, show correlations between the loss of am-
bulation and onset of death relatively soon thereafter [32].

Data on impaired mobility with time to mortality in patients with
ALS are sparse, but prospective studies on the timed up and go test
(TUGQG) in this disease did not show a direct correlation between loss
of ambulation and death. The TUG is a standardized instrument to
measure ambulation in ALS patients. Interestingly, this cohort includ-
ed bulbar ALS patients who had much higher TUG scores due to pre-
served peripheral strength but earlier death due to the natural progres-
sion of this form of ALS, likely confounding the results. The onset
of immobility and time to death in patients with Duchenne’s mus-
cular dystrophy are distinctly affected by treatment with long term
corticosteroids, long considered standard of care in reducing muscle
inflammation and loss of function. Long term steroid use delayed
loss of muscle function and preserved mobility compared to minimal
or non-steroidal treated male subjects and delayed onset of mortality
[33].

In large analyses of in hospital hypercapnic respiratory failure
neuromuscular diseases have substantially higher mortality compared
to patients with advanced COPD and congestive heart failure. Loss
of independent respiration without mechanical support devices often
begins with noninvasive ventilation and only for portions of a 24-
hour cycle in most neuromuscular diseases with variable progres-
sion to continuous support and elective invasive tracheoventilation
techniques. With the exception of bulbar ALS, most neuromuscular
disease patients do not move from spontaneous respiration to trache-
ostomy placement and mechanical ventilation without a variable pe-
riod of noninvasive support. Duchenne’s muscular dystrophy patients
have been observed longitudinally to have substantial morbidity from
both respiratory related illness and cardiovascular complications. In
patients electing to not transition from non-invasive ventilation sup-
port to tracheoinvasive ventilation, most succumb to hypercapnic
respiratory failure before cardiomyopathy complications become ter-
minal. Ubiquitously any patient with a neuromuscular disorder who
is making decisions about embarking on tracheostomy and invasive
ventilatory support can expect that choosing a route of remaining un-
encumbered by this support system comes at a cost of much sooner
mortality [34,35].

Emergence of dysphagia for enteral nutrition is variable among
neuromuscular diseases, with later progressing forms such as Emery
Dreyfuss Muscular dystrophy having very little impairment in swal-
lowing for most of the natural course of life. ALS uniquely bifurcates
into bulbar forms with very early inability to manage oral secretions
and aspiration of oral nutrition and nonbulbar ALS with loss of pe-
ripheral muscle strength and ambulation which precedes the eventual
loss of swallowing function. Regardless of the time of introduction of
parenteral feeding tubes, the placement and initiation of gastrostomy
tubes herald new challenges and often is associated with increased
encounters with health care. Studies have shown that ALS patients
electing to undergo percutaneous enteral gastrostomy tube (PEG)
placement are affected by interactions between the patient, their
caregivers, and the health care providers providing information and

guidance on benefits and risks of changing from oral nutrition. While
many thematic aspects of independence and autonomy are present in
ALS patients’ decision-making approach, the progression of disease
imposed a necessary intervention to continue living, including PEG
placement [36]. Prospective interventional research on PEG tubes
demonstrated increased one year survival in patients with ALS with
the caveat that this effect was seen when placement was done before
patients lost more than ten percent of their prediagnosis body weight.
Timing of PEG tube insertion therefore plays a major role in their
effect on many aspects of survival with delayed interventions having
impact on mortality and possibly increased rates of aspiration events
[37,38].

Major advances in gene analysis have changed the way ALS is
perceived, from an isolated disorder at the neuromotor level to a mul-
tisystem disease. Frontotemporal dementia (FTD) occurs with high
frequency among ALS patients who survive long enough to mani-
fest signs prior to loss of communication and facial muscle strength.
Previously thought to be two separate processes, transactive response
DNA-binding protein 43 (TDP-43) now is understood to be present
in both ALS and FTD as well as repeat-containing RNA playing a
role in the development of both disorders. FTD diagnosis in patients
with existing ALS conveys a substantially poor prognosis and studies
have demonstrated elevated levels of neurofilament light in the ce-
rebrospinal fluid of both FTD and ALS patients. Neurfilament light
is a protein expressed by large caliber axons with functions in the
cytoskeleton of the central nervous system and higher concentrations
in spinal fluid of ALS and FTD patients correlates directly with mor-
tality. FTD has been reported in cases of oculopharnygeal muscular
dystrophy, further linking this neurodegenerative condition with neu-
romuscular diseases [39]. Subtypes of myotonic dystrophies are also
now linked to cerebral atrophy and FTD [40]. The presence of FTD
or other forms of cognitive decline add substantial morbidity and cor-
relate with mortality in the longitudinal progression of neuromuscular
diseases (Figure 1).

Figure 1: Cumulative effects on mortality in neuromuscular disease.

The interactions of loss of ambulation, ineffective natural respi-
ration, dysphagia with delayed PEG nutrition, and cognitive impair-
ments can be viewed as a linear progression with additive effects on
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mortality in this heterogeneous patient cohort. While some patients
progress to mechanical ventilatory support and PEG based nutrition
simultaneously the cumulative effects of these inflection points are
additive in the larger sense of mortality (Figure 2). While having any
one of these impairments does not accurately predict time to mortal-
ity in patients with neuromuscular disorders, having more of them
has a synergistic effect on morbidity and subsequently mortality. In
practical palliative care discussions with patients and caregivers, a
patient living with neuromuscular disease who can’t walk, breathe
independently, consume nutrition by oral routes, and is severely cog-
nitively impaired is closer to a comorbid event leading to death than
patients who have not accumulated all of these milestones. Rather
than attempting an imprecise answer about how long any patient with
these disorders will live, this reframes conversations into discussions
about where patients are in relationship to impairments that make
mortality more probable.

e

Figure 2: Comprehensive Longitudinal model of care.

Caregiver Dynamics

With rare exception, neuromuscular patients supported by me-
chanical ventilation have deeply invested caregivers whose lives are
transformed by the progression of their disease. Pediatric diseases
that lead to noninvasive or tracheoinvasive ventilation support at
home often involve parental decision making on proceeding to PEG
placement and nutritional support, embarking on tracheostomy place-
ment and home ventilation, and overall goals of care for children who
cannot make complex medical decisions for themselves. Adults with
neuromuscular disorders that manifest later in life may participate in
their medical decision making directly but decisions on ambulatory
mechanical ventilation and PEG nutritional support are often made
with spousal or familial input. The dynamics of caregiver relation-
ships heavily influence directions in medical care in this unique pa-
tient population [41,42].

Parental caregivers of children with neuromuscular disorders of-
ten have vastly different quality of life compared to their children with
the disease and they often have to navigate the costs of providing care
with their available resources [43,44]. Early pediatric diseases that

lead to intensive PEG feedings and home tracheoinvasive ventilation,
such as Pompe disease lead to high levels of burden of care on parents
and they describe their lives as exhausting and totally involved in sur-
vey data. Patient cohorts such as Pompe disease, Duchenne Muscular
dystrophy, ALS, and other rare neuromuscular disorders have care-
givers that become highly educated on the disease, complications, and
current medical therapies. This leads at times to parents and spouses
of patients having a higher level of knowledge than many health care
professionals and a phenomenon of the reversed patient-professional
role that can make discussions of end of life care less productive when
aneuromuscular disease is progressing closer to finality. Many family
members of children with progressive neuromuscular disorders expe-
rience significant societal withdrawal and depressive symptoms, even
reporting suicidal thoughts in some surveys [45]. Congruent across all
pediatric neuromuscular disorders where children will be supported
for long periods of time with tracheoinvasive or noninvasive mechan-
ical ventilation is a dual state of development and deterioration. For
example, children with spinal muscle atrophy may embark on tra-
cheoinvasive ventilation support and experience progressive decline
in muscle strength and function and puberty simultaneously [46].

Caregivers of patients with neuromuscular diseases supported
by ambulatory mechanical ventilation or approaching this inflection
point are vulnerable to depression, societal withdrawal, enmeshment
in their relationships and burnout. Taking into account dynamics in a
family unit and caregiver understanding of their loved one’s progres-
sive disease is fundamental to establishing dialogue on expectations
and timelines as patients appear to be closer to death by objective
changes in overall functioning. Pragmatically an approach that builds
rapport and mutual understanding of a patient and their caregiver’s
dynamics is strengthened by asking information from caregivers that
allows them to provide their unique perspective on knowledge of the
disease they keep at bay, their own challenges in mental health, and
how they view their loved one’s experience.

Quality of Life Metrics

Disease-specific quality of life (QoL) scales are essential tools in
the assessment and management of neuromuscular disorders, as they
capture the unique physical, emotional, and social challenges faced
by these patient populations and allow for assessment of response
to treatment. Instruments such as the Duchenne Muscular Dystrophy
Quality of Life (DMD-QoL) and the Individualized Neuromuscular
Quality of Life questionnaire (INQoL) have been developed to ad-
dress the specific needs and experiences of individuals with condi-
tions like Duchenne and Becker muscular dystrophies, myotonic dys-
trophy, and other neuromuscular diseases. The DMD-QoL is tailored
to the lived experience of DMD across the lifespan, while the INQoL
covers a broad range of neuromuscular disorders and assesses do-
mains such as weakness, fatigue, pain, myotonia, breathlessness, and
the psychosocial impact of disease for adult patients. For ALS, the
ALS Assessment Questionnaire (ALSAQ-40/5) is widely used, fo-
cusing on domains most affected by ALS progression, including mo-
bility, communication, and emotional well-being. In contrast, generic
instruments like the WHOQOL-BREF provide a broader assessment
of quality of life across multiple domains and disease states, but may
lack sensitivity to the specific challenges of neuromuscular disorders.

The Duchenne Muscular Dystrophy Quality of Life (DMD-QoL)
scoring system is a 14-item, disease-specific, patient-reported, out-
come measure developed to assess quality of life in both pediatric and
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adult patients with DMD. The DMD-QoL scale captures domains,
such as autonomy, daily activities, emotional well-being, identity,
physical aspects, and social relationships [47]. The DMD-QoL is
more sensitive to the unique experiences and disease progression in
DMD than generic measures (e.g., WHOQOL-BREF), offering supe-
rior content validity and responsiveness. This enables more accurate
assessment of treatment impact and supporting clinical decision-mak-
ing and treatment response.

The Individualized Neuromuscular Quality of Life questionnaire
(INQoL) is a 45-item, patient-reported outcome measure for adults
with neuromuscular disorders. It covers 10 domains, including key
symptoms (weakness, pain, fatigue, myotonia), and the impact on
activities, independence, social relationships, emotions, and body im-
age. Developed through patient interviews and large-scale surveys,
INQoL demonstrates strong content validity and relevance [48]. It has
been validated across a wide range of neuromuscular conditions and
languages. Compared to generic tools, INQoL is more sensitive to
the specific physical and psychosocial challenges of neuromuscular
disease, including direct assessment of respiratory symptoms [49].

The ALSAQ-40 is a validated, disease-specific, patient-reported
outcome measure for ALS that consists of 40 items across five do-
mains: physical mobility, activities of daily living/independence, eat-
ing and drinking, communication, and emotional functioning; each
item is scored on a 5-point Likert scale, with higher scores indicating
greater impairment. The instrument is sensitive to changes in disease
status, making it widely used for clinical monitoring. The ALSAQ-5
is a short-form version containing one item from each domain, pro-
viding a rapid assessment. Both tools are valued for their ability to
capture the multidimensional impact of ALS on quality of life and
efficacy of treatment [50,51].

The WHOQOL-BREF is a generic, 26-item quality of life in-
strument which assesses four broad domains: physical health, psy-
chological health, social relationships, and environment. The WHO-
QOL-BREF is not specific to NMD, but it has been validated in these
populations. Its broader scope allows for cross-disease comparisons,
making it valuable in benchmarking against other conditions or pop-
ulations [52].

Limitations of the ALSAQ-5 include its narrow focus on ALS-re-
lated symptoms and functional impairments, which may result in
underrepresentation of broader psychosocial, environmental, or ex-
istential factors that also influence quality of life. Conversely, the
WHOQOL-BRETF offers a holistic assessment, it may lack sensitivity
to the specific and nuanced challenges faced by individuals with ALS
and other neuromuscular disorders, such as progressive loss of com-
munication or swallowing ability.

Clinicians who encounter these patients can utilize quality of life
instruments, not as a one size fits all approach, but choose which one
or group is most cogent to individuals for longitudinally reviewing
their perceptions of disease impact.

Incorporated Care Model

The undertaking of complex care for patients with progressive
neuromuscular disease living with mechanical ventilation support is
most successful with multidisciplinary clinical care approaches. We
propose a longitudinal schematic that incorporates initially choos-
ing quality of life metrics to follow based on patient diagnosis or

phenotype, introductory dialogue with caregivers to allow bidirec-
tional learning and create alliances that value caregiver dynamics, and
allowing patients to explore life expectancy pragmatically. Figure 2
this model offers elasticity between varying neuromuscular diseases
and age groups by focusing on generalizable aspects of living with,
and ultimately dying from, a progressive and incurable condition and
fosters participation between the three parties of interest: the patient,
the caregiver, and the health care provider. This can also be incorpo-
rated before undertaking mechanical ventilation or after patients have
been living with mechanical ventilation support, as it offers ongoing
and adaptable consideration of where patients’ goals for life align
with the biological state of their disease.

Summary

Patients living with progressive neuromuscular disorders face
long-term challenges and often live supported by mechanical venti-
lation devices for prolonged periods of time. This cohort has dispro-
portionate use of ambulatory and hospital health care as their diseases
progress given their complex nature and comorbidities. Engaging in
end-of-life care discussions with them and their caregivers requires
sensitivity and gaining knowledge not just about their diagnosis but
about their perceived quality of life, the impact the disease has on
caregiver well-being and mental health and an approach that builds a
relationship around open dialogue centered on these aspects.

We outline a structured model that incorporates several key as-
pects of living with, and ultimately dying from neuromuscular dis-
ease, assessment of this impact on caregivers, and patient quality of
life. While not precise at predicting time to death its strengths lie
in its generalizable approach to adult and childhood neuromuscular
disorders, applicability at any point in their disease progression, and
establishing relationships between health care providers, patients and
the people who are impacted by taking care of them.
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